1 


«&3fir  » 


-^-i 


*1 


£* 


■mr^. 


(Established   1832.) 


—  AMERICAN—. 

Engineer 

RAILROAD  ^JOURNAL 

[Formerly  the   RAILROAD  AND  ENGINEERING  JOURNAL] 

The  AMERICAN  RAILROAD  JOURNAL  and  VAN  NOSTRAND'S  ENGINEERING  MAGAZINE 
have  been  consolidated  in  this  publication,'. 


i 

Volume  LXVIII. 

[VOLUME    VIM,    NEW    SERIES.] 

1894. 

Published  Monthly,  at  47  Cedar  Street,  New  York,  by 

M.   N.   FORNEY. 

INDEX. 


VOLUME    LXVIII. 

(VOLUME  VIII,   NEW  SERIES.' 


1894. 


ILLUSTRATIONS. 


Academy  and  Home  for  Shipbuilders,  276. 

Acme  Nut-Facing  Machine,  526. 

**  Admiral  Seniavin,"  The  New  Russian  Armored 

Ship,  51a. 
Air  Compressor,  The  Norwalk  Compound,  76. 
Air  Compressors,  Transmission  of  Power,  with   an 

Analysis  of  Compound,  368. 
Air-Duster,  5-in.,  528. 
Air- Duster  Nozzle,  Chicago,  Rock  Island  &  Pacific 

Railroad,  329. 
Air-Duster  Nozzle,  Cleveland,  Cincinnati,  Chicago 

&  St.  Louis  Railway,  326. 
Air-Hoist  for  Loading  Wheels  and  Axles,  327. 
Air-Hose  Fittings,  Machine  for  Applying,  326. 
Air- Pump  for  Third-Class  Torpedo-Boat,  458. 
Air-Pumps   on    the    United    States    Cruiser  "New 

York,'*  96. 
American  and  English  Locomotives,  9. 
Apparatus  for  Rapid   Loading  of  Coal  into  Ships, 

Ashley's  Safety  Automatic  Gauge-Cock,  429. 
Atwood  &  Perkins'  Enginr. 
Automatic  Water-Tank,  303. 

I'.agueley's  Valve  Gear,  553. 

Baker's  Safety  Vent,  303. 

Baldwin    Locomotive    Works,    Boilers   and    Boiler- 

Room  at  the,  215. 
Balloon  at  the  Antwerp  Exhibition,  Navigable,  477, 

478. 
Baltimore  &  Ohio's  Belt  line.  The,  513. 
Baltimore  <V  Ohio's   Belt   Line,  Truck  of   Electric 

Locomotive  for  the.  513. 
Band  Re-Sawing  Machine,  568. 
Battleship  "  Texas,'1  The,  103. 
Beaudry's  Power  Hammer,  572. 
Bcaumoat-Wallington    High-Speed    Engine,    The, 

433. 
Bechi's  Pneumatic  Hammer,  572. 
Belpaire  Boiler  on  the  Lehigh  Valley  Railroad,  346. 
Bicycletie  Car,  Brown'*.  511. 
1  -tie  Electric  Passenger  Car,  si   . 

Bliss  Flexible  Clutch  Pulley,  52s. 
B lower  and  Engine  for  Third  Clas^  Torpedo-Boat. 

458- 
3'ower,  Green's  Rotary,  238 
Boiler  Locox   live   f  r   the"  Belgian  State  Railway, 

Tripl 
Boiler  on  -.he  Lehigh  Valley  Railroad,  Belpaire,  346. 
Boiler,  Plummer's  Smokeless,  338. 
Cjtler,  Wo.  thington's  Sectional  Steam,  570. 
Boilers  am'  Toiler-Room  at  the  Baldwin  Locomotive 

W»rk 
Bc-lers  and  Feed-Pumps  of  the  United  States  Bat* 

tleshin  "Texas,"  204. 
Boilers    ai.d  the  "  Ellis  A:   Eaves'*    Suction   Draft, 

Recert  Experiences  with  Cylindrical,  453. 
I  Wi'er  Tube,  302. 

Boiiers  wi(h  Fdis  &  Eaves'  Hot-Air  and  Su  ti  n 

System    455. 
I'r    *t    's  I  lei  tri     Railway  Car,  476. 
Brown's  Hiijh-Speed  Engine,  459 
Prrvn  Traveling  Crane,  The,  409. 
Pi_fington-C.-,»zier    Disappearing     Gun    Carriage, 

L  The,  i9. 
Bui'dings,  Tr. "sporting,  118. 
Potman'*  M-jhanical  Stoker,  570. 

Cantilever  Bridge.  Built  in  the  Province  of  Etchin 
:n  165s,  >  Japanese,  506. 


Capital  Vises  and  Jack  Screws,  736. 

Car  Buffer,  Richards'  384. 

Car,  Defensive  Railroad,  287. 

Carrier  for  Wheel  Lathe,  124. 

Car  Shops  of  the  Lehigh  Valley  Railroad  at  Paclci  r- 
ton.  Pa.,  497. 

Cars,  Metal  Underframes  for  Freight.  00. 

Cast  Iron  Pulleys  (Double  Arms*,  Dimensions  of, 
256. 

Caucasus  Range,  The  Government  New  Location 
for  the  Railroad  Across  the  Main,  28. 

Central  Railroad  of  New  Jersey,  Suburban  Stations 
on  the,  124. 

Centrifugal  Pump,  Compound  Vertical,  Fig.  22,  503. 

Centrifugal  Pumps,  411,  461,  500. 

Chains,  Method  of  Manufacturing  Weldle>s.  20. 

Check  Valve.  288. 

'"Cincinnati,"  United  Slates  Cruiser,  444. 

Cinder  Trap,  405. 

Circulation    on    Evaporative    Efficiency    of    Water- 
Tube  Boilers,  The  Influence  of,  4ro. 

Coal  into  Ships,  Apparatus  for  Rapid  Loading  of, 
67,  112. 

Metallic  Rod  Packing, 

Combined  Screw  and  Hydraulic  Jack,  544. 

Combined  Screw  and  Hydraulic  Punch,  492. 

Compound  Air  Compressors, Transmission  of  Power, 
with  an  Analysis  of,  369. 

Compound  Engines,  1. 

Compound    Engines,  Wight  man's    Starting    Appli- 
ance for,  431. 

Compound  Locomotive,  Richmond,  305. 

Compound    Mogul    Freight    Engine    Built   by    the 
Pittsburgh  Locomotive  Works,  71. 

Compressed  Air  in  Paris,  Methods  of  Distributing, 
466. 

Contributions    to  Practical   Railroad    Information, 
37*. 

Copper  and  Lead  in  Phosphor-Bronze,  Method  of 
Determining,  449. 

Cracks  in  Fire-Box  Sheets,  127. 

Crane,  A  40-Ton  Dock,  452,  45-,. 

with   Air  Hoist  on  the  Fall  Brook  Coal 
Co.'s  Railroad,  496. 

Crane  of  Her  Majesty's  Dock- Yard,  Chatham,  160- 
Ton,  164. 

Crane,  One-Ton  Traveling,  31. 
'  Cromwell's  Smoke-Box,  84. 

De  Laval's  Steam  Turbine,  381. 

Delaware   &    Hudson    Canal    Company.  Standard 

Mogul  Freight  Locomotive  of  the,  250. 
Delaware  &  Hudson  Shop  Tools,  440. 
Draft-Sill  for  Cars,  Salvetcr's  Metal,    142. 
Draw-Gear  for  Cars,  Cole  &  Grieves,  144 
Dredging-Bucket,  Symonds",  238. 

rler  Rapid-Firc  Guns,  The.  39. 
New  Method  of  Driving,  235. 
Drill.  The  Moffet  Portable,  283. 
Driving  Springs,  Device  for  Removing,  537. 
Drop  Pit.  Passenger  Truck. 
Drop  Tank,  445. 
Duluth,  Missabe  <fc  Northern  Railway,  Bridge  on, 

276. 
Dunbar's  Piston-Packing  Rings,  134. 


Electrical  Energy  in  the  Mills  of  Forrest    . 
St.  Etiennc,  Distribution  of,  558. 


Electric  Railway,  The  Motive  Power  Required  for 
an,  367. 

Emery  Testing  Machine,  Recent  Improvements  in 
the,    177. 

Engine,  A  Heavy-Duty  Slide-Valve,  284. 

F.nginc  and  Dynamo,  Direct  Connection,  335. 

Engine  and  Tender  Connection  on  the  Pennsyl- 
vania Railu  'a 

Engine,  Atwood  A;  Perkins',  239. 
brown's  High-Speed,  459. 

Engine  Built  by  the  Pittsburgh  Locomotive  Work-, 
Compound  Mogul  Freight,  71. 

Engine,  Delaware  &  Hudson  Canal  Co.  Standard 
Mogul  Passenger,  298. 

Engine  Clearance  Condensation,  Cylinder  and  Ini- 
tial. Figs.  3.  4,  6,  7,  504. 

Engineer's  Career  Represented  Graphically,  An, 
119. 

Engine  for  Tug  "  W.  G.  Wilmot,"  Triple- Expan- 

3J5- 
Engines    of   the   German    Railway    Union,   Some, 

307. 
Engines  of  the  United  States  Battleship  "  Texas," 

Triple-Expansion,  353. 
Engine,  Tank,  228. 
Engine,.  The    Beaumoot-Wallington    High-Speed, 

Engine,  Three-Cylinder,  125. 
I-  ngine,  TruesdelPs  Compound  Oscillating,  239. 
English  Locomotives,  American  and,  9. 
Expansion  of  Locomotive  Fire-Boxes,  Experiments 

on  the,  114. 
Express  Passenger   Locomotive    for    the    Midland 

Railway,  361. 

Fay's  Engine  Valve,  191. 

Finlayson  Water-Tube  Boiler.  568. 

Fir«-l'.oxes,  Experiments  on  the  Expansion^of  Lo- 
comotive, 114. 

Fire-Box  Sheets,  Cracks  in,  127. 

Fire-Box,  Von  Dormus*  Locomotive,  287. 

Fire  Kindler  for  Kindling  Locomotive  Fires  with 
Crude  Oil  Instead  of  Wood,  The  Leslie  Patent 
Locomotive.  304. 

Flight  so  Difficult  of  Invention  ?    Why  i 

Flint  &  Ptre  Marquette  Railroad,  Locomotive  Cot 
Local  Traffic  on  the,  263 

Flyine  Machine,  Mr.  Maxim's,  405. 

Fuel  Oil  Burner,  The  Thurman,  428. 

Fuel  f>n  the  French,  English  and  Belgian  Railways, 
The  Handling  of,  13. 

Gear  Presses,  Projectile  and,  87. 

German  Railway  Union,  Some  Engines  of  (he,  307. 

Gettysburg  to  Baltimore,  Electric  Railroad  I  d  . 
465- 

Gold's  Pressure  Regulator,  239. 

Golsxlorf's  Compound   Locomotivv 

Govemment  New  Location  for  the  Railroad  Across 
the  Main  Caucasus  Range,  The,  28. 

Grand  Central  Railway  of  Belgium,  Signal  Appar- 
atus in  Use  on  the.  209 

Graphically.  An  Engineer's  Career  Represented, 
tto. 

Graphite  Paint.  L.  S.  G.,  284. 

Green's  Rotary  Blower.  238. 

Grindstone  Truing  Device.  33. 

Hancock  Locomotive  Inspirator,  The,  474. 


ILLUSTRATIONS. 


in 


Had  nan's  Coal  Stoker,  571. 
Heating  Furnace,  Closed,  446. 
Heavy-Duty  Slide-Valve  Engine,  A,  2S4. 
HelmhoUz's  Locomotive  Running-Gear,  236. 
Hoist  for  Loading  and  Unloading  Cars,  325. 
Hoist  for  Loading  Wheels  and  Axles,  Air.  327. 
Hose  Connections,  Plan  for  Applying,  327. 
Hose  Testing  Machine,  448. 
Horizontal  Drilling  Attachment,  31. 
Hornellsville  Shops,  The,  444. 
Humphrey's  Wrench,  240. 
Hunt's  Journal  Bearing,  142. 
Hydraulic  Boat  Lifts,  211. 
Hydrostatic  Testing  Machine,  327. 

Inclined  Planes  of  the  Morris  Can.- 
Iron  in  Commercial  Spelter,  Method  of  Determin- 
ing, Fig.  1,  519. 

Jack  for  Wheel  Pit,  Pit,  325. 

Jack  for  Wheel  Pit,  Telescope.  3^5. 

Jack.  13-inch  Pneumatic,  32S. 

Jacket  Punch  Machine,  33. 

Jack,  Shop  Truck,  325. 

Japan,  Railway  Construction  in,  365. 

Journal  Bearing,  Hunt's,  142. 

Kinsman  Block  System,  225. 
Klein  &  Linder  Locomotive,  The,  4S7. 
Knowles  Automatic   Exhaust   Relief   Valve,    The, 
426. 

Lehigh  Valley  Railroad,  Belpaire  Boiler  on  the,  346. 

Leslie  Patent  Locomotive  Fire  Kindler  for  Kindling 
Locomotive  Fires  with  Crude  Oil  Instead  of 
Wood,  The,  304. 

Lifts,  Hydraulic  Boat,  211. 

Link,  Warren's  Shifting,  572. 

Loading  of  Coal  into  Ships,  Apparatus  for  Rapid, 
67,  112. 

Locomotive,  Delaware  &  Hudson  Canal  Co.,  Stan- 
dard Mogul  Passenger,  298. 

Locomotive  Engine,  143. 

Locomotive  Fire-Boxes,  Experiments  on  the  Ex- 
pansion of,  1 14. 

Locomotive  Fire-Box,  Von  Donnus',  287. 

Locomotive  Fire  Kindler  for  Kindling  Locomotive 
Fires  with  Crude  Oil  Instead  of  Wood,  The 
Leslie  Patent,  304. 

Locomotive  for  Local  Traffic  on  the  Flint  &  Pere 
Marquette  Railroad,  263. 

Locomotive  for  the  Belgian  State  Railway,  Triple- 
Boiler,  273. 

Locomotive  for  the  Boston  &  Albany  Railroad, 
Eight-Wheeled  Passenger,  494. 

Locomotive  for  the  Central  Railway  of  Brazil, 
Mastodon,  509. 

Locomotive  for  the  Midland  Railway,  Express  Pas- 
senger, 361. 

Locomotive,  Four- Wheeled  Coupled  Bogie  Tank, 
169. 

Locomotive,  GolsdorTs  Compound,  573. 

Locomotive,  Helmholtz's,  286, 

Locomotive  History,  390. 

Locomotive,  London  &  Western  Railway,  Eight- 
Wheeled  Coupled  Compound  (Webb's  System* 
Coal,  516. 

Locomotive  of  the  Delaware  &  Hudson  Canal  Co., 
Standard  Mogul  Freight,  250. 

Locomotive  Problem,  The,  S,  55. 

Locomotive.  Richmond  Compound,  305. 

Locomotive  Running-Gear,  Helmholtz's,  236. 

Locomotives,  American  an4  English,  9. 

Locomotive  "  Samson,"  131. 

Locomotives  of  the  German  Railway  Union,  Some, 
3°7-  . 

Locomotives  of  the  New  York,  Lake  Erie  and 
Western  Railroad,  564. 

Locomotives  on  the  Manchester,  Sheffield  &  Lin- 
colnshire Railway,  Standard,  405. 

Locomotive,  Tank,  228. 

Locomotive,  The  Reciprocating  Parts  of  a,  198,  251. 

Locomotive,  Von  Borries*  Compound,  236. 

Locomotive  Works,  Compound  Mogul  Freight  En- 
gine Built  by  the  Pittsburgh,  71. 

Lorrey  Car,  445. 

Maxim's  Flying  Machine,  Mr.,  405. 
Merrill's  Wave  Motor,  574. 
Metal  Underframes  for  "Freight  Cars.  90. 
Metallic  Packing,  404. 


Midland  Railway,  Express  Passenger  Locomotive 

for  the,  361. 
Military  Ballooning  in  Germany,  529. 
Moffet  Portable  Drill,  The,  2S3. 
Mosher  Water-Tube  Boiler,  427. 
Muffled  Pop  Valve,  Standard,  33. 

*'  New  York,**    Air-Pumps    on    the   LTnited   States 

Cruiser,  96. 
New   York,    New   Haven    &   Hartford     Railroad, 

Pneumatic  Hoist  in  the  Shops  of  the,  82. 
"  New  Vork,"  United  States  Armored  Cruiser,  21. 
New  999,  A,  352. 
Norwalk  Compound  Air  Compressor,  The,  76. 

Oil  from  Oil  Barrels  to  Tanks  in  Oil  House,  Ar- 
rangements for  Transferring,  327. 

Packing,  Cole's  Metallic  Rod,  571. 

Passenger  Truck  Drop  Pit,  325. 

Philadelphia  &  Reading  Railroad,  Special  Tools  of 

the,  31,  124. 
Pipe  Chuck  for  Lathe,  261. 
Piston-Packing  Rings,  Dunbar's,  134. 
Pit  Jack  for  Wheel  Pit,  325. 
Pittsburgh  Locomotive  Works,  Compound    Mogul 

Freight  Engine  Built  by  the,  71. 
Plow  for  Clearing  Cinder  Pits.  445. 
Plummer's  Smokeless  Boiler,  23S. 
Pneumatic  Dynamite  Guns.  The,  395. 
Pneumatic  Hammer,  Beetle's.  57a. 
Pneumatic  Hose  Machine  for  Applying  Hose  Coup- 
lings, 32S. 
Pneumatic  Hoist,  31. 
Pneumatic  Hoist  in  the  Shops  of  the  New  York, 

New  Haven  &  Hartford  Railroad,  81. 
Pneumatic  Jack,  13-inch,  328. 
Pole  and  Rope  Construction  Staging,  41S. 
Poling  Car,  N.  V..  Lake  Erie  &  Western  Railroad, 

5M- 
Power  Hammer,  Beaudry  s,  572. 
Pressed  Steel  Underframes,  261. 
Pressure  Regulator,  Gold's,  239. 
Progress  in  Flying  Machines.  34. 
Projectile  and  Gear  Presses,  87. 
Projectile  Trimming  Machine,  78. 
Puli-Down  Jack    for   Removing   Car  Sills,  Needle 

Beams,  and  Bolster 
Pulleys,  Dimensions  of  Cast-Iron,  135. 
Pullevs  (Double  Arms),  Dimensions  of  Cast-Iron, 

256. 
Pump  and  Tank  for  Filling  Oilers,  447. 
Pumps  of  the  United  States  Battleship  "  Tex.is," 

Boilers  and  Feed,  204. 
Punching  Press,  Long's  Improved,  498. 

Quadruple-Expansion  Engine  for  Third-Class  Tor- 

pedo-Boat,  456,  457. 
Quick  Speed  Steam-Engine,  383. 

Rail  Joint,  Batch's,  141. 

Railway  Construction  in  Japan,  365. 

Rapid-Fire  Guns,  The  Driggs-Sthroeder,  37. 

Rapid  Loading  of  Coal  into  Ships,  Apparatus  for, 

46,  112. 
Reciprocating  Parts  of  a  Locomotive,  The,  198,251. 
Relief  Valve,  The  Knowles  Automatic  Exhaust,  426. 
Richmond  Compound  Locomotive,  305. 
Riehle  Measuring  and  Per  Cent.  Gauge,  141. 
Root  Boiler,  The  Improved,  523,  524. 

Safety  Vent,  Baker'?, 

Salveter's  Metal  Draft-Sill  for  Cars,  14a. 

"  Samson"  Locomotive,  131. 

Serve  Tubes,  491. 

Shipbuilders,  Academy  and  Home  for,  276. 

Siberian  Railroad,  Progress  in  the  Construction  ol 
the  Great,  541. 

Sign?)  Apparatus  in  Use  on  the  Grand  Central 
Railway  of  Belgium,  161,  209. 

Smoke-Box,  Cromwell's,  S4. 

Special  Appliances  in  Use  on  the  Flint  &  Pt-re 
Marr-ieite  Railroad,  Some,  404. 

Special  Tools  of  the  Philadelphia  &  Reading  Rail- 
road, 31,  124. 

Starting  Appliance  for  Compound  Engines,  Wight- 
man's,  431. 

Stations  on  the  Central  Railroad  of  New  Jeisey, 
Suburban,  124. 

Stay-Bolt  Cutter  in  the  Philadelphia  A  Reading 
Shops  561. 


Steam-Engine,  Porter's,  382.     X3 

Steam-Engine,  Sparr's,  383. 

Steam  Hose,  Arrangement  of,  473. 

Steam  Steering  Gear,  214. 

Steamers,   The  Vibrations  of,  257. 

Stoker,  Butman's  Mechanical,  570. 

Stoker,  Hannan's  Coal,  571. 

Stone-Breaking  Machine  for  Road-Making,  A  New, 

190. 
Suburban  Locomotive  for  the  Central  Railway  of 

Brazil,  509. 
Suburban  Stations  on  the  Central  Railroad  of  New 

Jersey,  124. 
Suspension  Railway  at  Knoxville,  283. 
Symonds"  Dredging  Bucket,  238. 

Tank  Engine,  228. 

Telescope  Jack  for  Wheel  Pit,  325. 

Testing  Machines,  217. 

Testing  Machine,  Hydrostatic,  327. 

Testing  Machine,  Recent  Improvements  in  the 
Emery.  177. 

"Texas,"  Boilers  and  Feed  Pumps  of  the  L'nited 
States  Battleship,  204. 

"  Texas,"  The  Battleship,  103. 

"  Texas,"  Triple-Expansion  Engines  of  the  United 
States  Battleship,  353. 

"  Texas,"  Turret  and  Turret-Moving  Machinery  of 
the  United  States  Battleship,  152. 

Three-Cylinder  Engine,  125. 

Thurtnan  Fuel  Oil  Burner,  The,  428. 

Ticket-Destroying  Machine,  124. 

Tool  Holder  for  Slotter,  446. 

Torpedo- Boat  from  Toulon  to  Cherbourg,  Trans- 
portation of  a,  30S. 

Tower  Coupler,  The,  526. 

Train  Heating  with  Steam  and  Compressed  Air  on 
the  Eastern  Railway  of  France,  373. 

Transmission  of  Power,  with  rn  Analysis  of  Com- 
pound Air  Compressors,  368. 

Transportation  of  a  Torpedo-Boat  from  Toulen  to 
Cherbourg,  308. 

Transporting  Buildings,  11S. 

Traveling  Crane,  The  Brown,  409. 

Trimming  Machine,  Projectile,  78. 

Trimming  Press  for  Drop  Forgings,  192. 

Triple-Expansion  Engine  for  Tug      W.  G.  Wilmot," 

Triple-Expansion  Engines  of  the  United  States 
Battleship  "  Texas,"  353. 

Truck  Jack,  Shop,  325. 

Truesdell's  Compound  Oscillating  Engine,  239. 

Turrret  and  TuiTet-Moving  Machinery  of  the  Unit- 
ed States  Battleship  "Texas,"  152. 

Underframes,  Pressed  Steel,  261. 

United  States  Armored  Cruiser  "  New  York,"  21. 

United   States    Battleship   "  Texas,"    Boilers    and 

Feed-I'umps  of  the,  204. 
United  States  Cruiser  "  Cincinnati,"  442. 

Valve,  Balanced,  Fall  Brook  Coal  Co.,  490. 

Valve,  Fay's  Engine,  191. 

Valve  Gear,  Bagueley'-,  553. 

Vibrations  of  Steamers,  The,  257. 

Von  Borries'  Compound  Locomotive,  236, 

Warren's  Shifting  Link,  572. 

Water-Tank,  Automatic.  303. 

Water-Tube  Boiler,  Finlayson,  568. 

Water-Tube  Boiler,  Mosher,  427. 

Water-Tube  Boiler,  The  Adams*  Upright,  228. 

Water-Tube  Boilers,  The  Influence  of  Circulation 
on  Evaporative  Efficiency  of,  410. 

Water-Tube  Boiler,  Wood's,  300. 

Water-Tube  Boilers,  392. 

Water-Tube  Boilers  and  their  Application  to 
War  Vessels,  54-. 

Wave  Motor,  Merritt's.  574. 

Weldless  Chains,  Method  of  Manufacturing,  20. 

West  Shore  Railroad,  The  L"se  of  Compressed  Air, 
^50. 

Wi_-htman's  Starting  Appliance  for  Compound  En- 
gines, 431. 

Wilmot,"  Triple-Expansion  Engine  for  Tug  "  W.G., 

3*5- 

Wood's  Water-Tube  Boiler,  300. 
Worthington's  Sectional  Steam  Boiler,  570. 
Wrench,  Humphrey's,  240. 

Yarrow  Boiler,  The,  274. 


EDITORIALS. 


Accidents  to  Locomotive  Engineers  and  Firemen. 

.385. 
Accidents  to  the  Paris,  97. 
After  the  Battle,  337. 

American  Society  of  Mechanical  Engineers,  193. 
Announcement,  433. 
Armament,  Naval  and  Coast  Defense,  1. 

Baker  &  Company,  Messrs.,  485. 

Bolt  and  Nut  Machinery,  Illustrated  Catalogue  of, 

486. 
Brake-Shoes,  241. 
Brazilian  Rebellion.  193. 


Car  Couplers,  433. 

Car,  Iron,  49. 

Carpenter  Shells  at  Indian  Head,  289. 

Cars,  Iron,  241. 

Coefficient  of  Friction,  145. 

Compound  Locomotive,  q- 

Compressed  Air  and  Hydraulic  Machinery,  145. 

Conventions  of  the  Master  Car  Builders'  and  Mas- 
ter Mechanics'  Association-,  49. 

Conventions,  The  Coming.  241. 
'895.  S3*- 

Electrical  Distribution  of  Power,  433. 


Electric  Headlight  for  Locomotives,  1. 

Electricity  on  the  Erie  Canal,  1. 

Electric  Lighting  Plants,  their  Cost  and  Operation, 

4S5. 
Electric  Power,  4S5. 

Fastest  Vessels  in  the  World,  337. 

Fire   Hose,  Illustrated   Catalogue  and  Price   List, 

■»': 
Fuel  Consumption  of  Locomotives  be  Diminished  ? 
HowCan,  =32. 
■ 
Headlight  for  Locomotives,  Electric,  1. 


32 1 


IV 


EDITORIALS. 


Instability  of  Warsh:, 

Intel  r  ::ity   of   an    Average    Audience. 

The  Limit  of,  07. 
"  Interurban   Roads,'*  385. 
Iron  Cars,  49,  .'41. 

of  Railroads  for  Damages.  385. 
Limit  of  Intellectual  Elasticity  of  an  Average  Au- 
dience, The,  97. 
Locomotive.  Compound,  97. 
Locomotive  Engineers,  433. 
Longitudinal  Bulkheads,  1. 

Master  Car  Builders*  and  Master  Mechanics*  As- 
sociations, Conventions  of  the,  49. 
Master  Car  Builders'  Association  Standards,  337. 


Master    Mechanics'   Associations,  Conventions  of 

the  Master  Car  Builders*  and,  49. 
Master   Mechanics'  Association,  The  Proceedings 

of  the,  434. 

Naval  and  Coast  Defense  Armament,  t. 
Navies  of  the  World,  193. 
Xictheroy  as  a  Fighter,  97. 

Proceedings  of  the  Master  Mechanics'  Association, 

The,  386. 
Professional  Services,  Compensation  for,  531. 

Ranking  Line  and  Engineer  Officers,  433. 

St.  I^ouis,  The.  531. 

Sea  Fights  Conducted  with  Turreted  Battleships, 

385. 


Secretaryship  of  the  American  Society  of  Civil  En- 
gineers. The, 
Secret  of  Soaring,  The,  52S. 
Ship  Canal  from  the  Lakes  to  the  Sea,  385. 
Shoes,  Brake,  241. 


Shortage  of  Cars.  48 1 
Speed  Premiums  on  War  Ye 


seb 


Steam  User's  Manual,  Catalogue  and,  486. 

Toner,  Tank   and   Tub  Catalogue   of  the  W.  E. 
Caldwell  Company,  486. 

Vulcan  Iron  Works  Company's  Catalogue  of  Steam 
Shovels  and  Steam  Dredgers,  The,  486. 

Warships,  Instability  of,  49. 

War  Vessels,  Speed  Premiums  on,  49. 

Wrheel  and  Gauge  Standards,  337. 


NEW    PUBLICATIONS. 


Addresses  Delivered  before  the  World's  Railway 
Commerce  Congress.  4. 

Aerated  Fuel  Process  of  Burning  Oil,  The.  346. 

Aerial  Navigation.  38S,  4S1,  535. 

Aerial  Navigation,  Notes  on,  481. 

Aerial  Navigation,  The  Development  of,  48. 

Aerodromic  System  of  Transportation.  The, 

Aeronaule,  L  ,  481. 

Aeronautical  Engineering  Material]    . 

After  the  Fair,  101. 

Album  and  Catalogue  of  the  Socie'lc  Suisse  Pour  la 
ruction  de  Locomotive- et  de  Machines,  6. 

American  Fuel  Economizer,  The,  148. 

American  Institute  of  Mining  Engineers,  Transac- 
tions of  the,  300. 

American  Railway  Master  Me  banics' Association, 
Report  of  the  Proceedings  of  the  Twenty- 
Seventh  Annual  Convention,  390. 

American  Tube  Works,  243,  34;. 

Analysis  of  the  Functions  of  a  Bird's  Wing,  530. 

Animal  as  a  Machine  and  a  Prime  Motor,The,  345. 

Annual  Report  of  the  State  Geologist  of  the  State 
of  New  Jersey,  7. 

Anti-Friction,  or  Babbitt  Metal,  195. 

Apparatus,  Catalogue  of,  536. 

Asphaltum  in  18^3,  344. 

Atlantic  Coast  Line.  The    . 

Auto-Pneumatic  Railway  Signal  Company's  De- 
scriptive Catalogue  of  their  Low-Pressure 
Pneumatic  Interlocking  Signals,  244. 

Baker  Car  Heaters,  Full  Information  for  the  Erec 
lion  and  U^-e  ot  the,  196. 

Ball  Balanced  Compound  Locomotive,  101. 

Beaman  &  Smith's  Catalogue  B. 

Beeson's  Inland  Main  Directory,  243. 

Bell's  Improved  Steam  Hammers,  535. 

Bement  i  Co.,  Manufacturers  of  Feci  Pump  Gov- 
ernors and  Automatic  Feed- Water  Regulator*, 
Chi'  ago,  389. 

Bliss  Company,  The  E.  W\,  482. 

Block  Signaling  and  Interlocking,  438. 

Bloom^burg  Car  Company,  146. 

Board  of  Mediation  and  Arbitration  of  the  State 
■A  New  York,  Sixth  Annual  Report  of  the,  102. 

Boston  Belting  Co.,  346. 

Brakes  upon  Railway  Trains,  The  Effect  of,  344. 

Brick  for  Street  Pavement--.  34^. 

Bridgeport  Ma,  hine  Works,  The 

British  Railways,  6. 

Brown  &  Sharpe  Manufacturing  Company's  Cut- 
ter^.  535. 

Buckeye   Automatic  Car  Coupler  Company,  The, 

r,       53' 

Bureau  of  Construction  and  Repairs,  Annual  Re- 
port of  the  Chief  of  the. 

Bureau  of  the  American  RepuMics,  53.  102. 

Bureau  of  Steam  Engineering,  Annual  Report  of 
the.  535. 

Canal   Connecting   the  North  Sea  an!    the    Baltic, 

„      483- 

Car  Interchange  Manual,  The,  387. 

C.ir  Painting,  Catechism  of,  535. 

Car  Step      . 

Caswell  Hot-Water  Ciri  u     i    r,   The,  8. 

Central  Station  Book-keeping  and  Suggested 
Forms,  535. 

Centrifugal  Pumping  Machinery,  Descriptive  Cir- 
cular and  Price  List  of,  148. 

Centrifugal  Pumps,  534. 

Charter  Gas-Engine  Company,  The.  195. 

Charter  Gas-Engine,  The,  148. 

Chase-Kirchner  Aerodromic  System  of  Tran 


tion.  The.  1 

Strike,  Report  of  the,  535. 
Cincinnati  Southern  Railway,  The,  50. 


Clayton  Air  Compressors  and  Air  Receiver*,  291. 
Coast  Defense,  Our  Share  in,  10a,  345. 
Comparison  of  English  and  American  Locomotives 

in  the  Argentine  Repi. 
Compound  Locomotives,  6,  438,483. 
Compressed  Air,  The  Widening  Use  of,  8. 
Concrete  or  Monolithic  Construction,  24. 
Connersville  Blower  Company,  Coonersville,  Ind. 

The,  244. 


Consolidated    Car-Heating    Company  of   Albany, 

N.  Y-The,  16a,  48a. 
Consular  Reports,  102. 
Corliss  Engine,  The,  5. 

Correspondence  School  of  Mechanics,  The.  53. 
Country  Roads,  345. 
Cranes,  Steam,  Hydraulic  and  Other,  535. 

Dayton  Railway  Crossing-Gate,  The,  245. 
Detrick  &  Harvey  Machine  Co.,  The,  101. 
Diameter,  Accurate  Tables  of.  535. 
Diseases  of    the  Air-Brake    System,   their    Causes, 

Symptoms  and  Cure,  388. 
Dynamo  and  Motor  Building  for  Amateurs,  101. 

Earthenware  Houses,  244. 

Electricity  One  Hundred  Years  Ago  and  To-Day, 

Electricity  up  to  Date  for  Light,  Power,  and  Trac- 
tion. 53. 

Electricity,  What  an  Engineer  Should  Know  about, 
100. 

Electric  Transmission  of  Intelligence  and  other  Ad- 
vanced Primers  of  Electricity,  The,  5^. 

Electric  Vises,  Jack  Screws,  etc,  New  Illustrated 
I'n  e  List  of  Patent,  243. 

Electric  World,  The,  51. 

Elementary  Principles  of  Mechanic 

Elementary  Treatise  on  the  Steam  Engine,  An, 
101. 

Eleventh  Annual  Report  of  the  Board  of  Railroad 
Commissioners  of  the  State  of  New  Y  ;k  for 
the  Year  1893,  53- 

Empire  of  the  Air,  The.  481. 

Encyclopaedia  of  Foundry  and  Dictionary  of  Foun- 
I  erms  used  in  the  Practice  of  Molding, 
The,  344. 

Engine.  An  Elementary  Treatise  on  the  Steam, 
101. 

Engineering  Construction  in  Iron.  Steel  and  Tim- 
ber. 

Engineering  Education,  102. 

Engineering  Magazine,  533. 

Engines  and  Boilers,  How    to  Run,  243. 

Evolution  of  a  Flying  Machine,  The,  530. 

Exhibit  of  the  Pennsylvania  Railroad  Company  at 
the  World's  Columbian  Exposition.  Catalogue 
of  the,  533. 

Fibre,  Graphite     Bushings    for    Hangers,    Pillow 

Blocks,  Loose  Pulleys,  etc.,  53. 
Field  Book  for  Civil  Engineers,  A.  4. 
First  Steam  Screw  Propeller  Boats  to  Navigate  the 

Waters  of  any  Country,  The,  5. 
Flying  Apparatus,  530. 
Flying  Man,  The,  481. 

Flying, New  Lights  on  the  Problem  of,  481. 
Flying.  The  Prospects  of.  4    t. 
Foreign  Commerce  and  Navigation  of  the   United 

States  for  the  Year  ending  June  30,  i; 

102. 
Foster  Engineering  Company,  The,  482. 
Fuel,  Modern  Methods  of  Handling,  535. 

Geological  Survey,  Maps  of  the  United  States,  52. 
George    F.  Blake   Manufacturing   Company,  The, 

482. 
Gliding  Flight,  481. 

Globe  Special  Castings  for  Water-Works,  148. 
Goldthwaite's  Geographical  Magazine,  4. 
Graphite  as  a  Lubricant,  148. 
Gurley  Souvenir    Catalogue,   World's    Columbian 


Exposition,  W.  &  L. 


E.,  -44 


Hand-Bookof  Information  of  the  Rensselaer  Poly- 
technic Institute.  4. 

Hand-Power  Traveling  Cranes,  195. 

or  Porcupine  Boiler,  Reports  of  Twenty- 
four  Trials  of  tht    . 

Heaid  &  Sisco,  Centrifugal    Pumping  Machinery, 
»95- 

Heaters,  438. 

Heat  Motor,  Theory  and  Construction  of  a  Ration- 


Helical  Gears,  100. 


Hinckley  Automatic  Brake  Slack  Adjuster,  148. 

History  of  a  Lead-Pencil,  The,  102. 

Horizontal   and    Vertical   Steam    Engines    and  Steel 

Boilers,  New  Pamphlet  of  High-Grade,  387. 
Horizontal  Waler-Wheel.  148. 
Howden's  Hot-Draft  System,  535. 
Hyatt  Roller  Bearing  Company,  102.  438. 
Hydraulic  Cement,  Notes  on   the  Testing    and  Use 

of,  51. 
Hydraulic  Testing  Machines,  100. 

Ide  and  Ideal    Engines,    Simple   and    Compound, 

Harrisburg,  291. 
Immigration  and  Passenger  Movement  at  Ports  of 

the  United  States  during  the  Year   ending  June 
. -,  102. 
Imperial  University  of  Japan,  4. 
Index  to  Technical  Journals,  533. 
Interlocking  and   Signaling  Apparatus,  Reference 

Catalogue  Giving  Detailed  Plans,  Illustrations 

and  Descriptive  List  of,  536. 
International  Maritime  Congress,  5. 
Iron  Car  Company,  The,  244. 
Iron  Founder  Supplement,  The,  52. 

Johnson  Railway  Signal  Company,  536. 
Journal   of  the   American     Society    of   Naval  En- 
gineers, 7. 

Knowles*  Special  Catalogue  of  Power  Pumps,  101. 

Lachine  Canal,  Deepening  of  the,  483. 

La  Machine  Locomotive,  343. 

Lathes   and    Other     Machine   Tools,     Illustrated 

Catalogue  of,  148. 
Lead-Pencil,  The  H  istory  of  a,  102. 
Link-Belt  Machinery  Co.,  The,  53. 
Locomotives,  Compound,  6. 
Locomotive,  Construction  of  the  Modern,  534. 
Locomotive  Mechanism  and  Engineering,  147. 
Locomotive  Works,  Through,  533. 
Ludlow  Coupler  Company,  389. 
Lunkenheimer  Company,  The,  101.  5^5. 

Machinery,  436. 

Machine  Tools  for  the  Rapid  Production  of  Lathe 

Work.  195. 
Magneto  Hand    Telephone,    its  Construction.    Fit- 
ting Up  and    Adaptability  to  Evety-Day  I  ><-, 

The,  245. 
Magnolia  Metal  Co..  The,  101. 
Man  Flight  ne..r  at  Hand,  481. 
Manual  of  the  Railroads  of  the  United  States  for 

1894,  390. 
Marsh  Steam  Pump,  The,  2,1. 

husctts,  Twenty-fifth  Annual  Report  of  the 

Railroad  Commissioners  of  the  State  of,  345. 
Master   Car  Builders     A^ociation,    Report  of   the 

Proceedings   of     the     Twenty-eighth     Annual 

Convention  of  the.  43-. 
Maxim  Flying  Machine.  The,  530. 
Maxim's  Triumph  and  Disaster,  530. 
Maximum  Stresses  in   Drawbridges,  Having    Two 

'■  Arms,  290. 
Maydole  Hammers,  535. 

M-Sherry  Manufacturing  Company,  The,  ^46. 
Measurement  and  Division  of  Water,  53^ 
Measuring  Instruments  for  all  Trades  and  Scientific 

Purposes,  Catalogue  and  Pnce-List  of  Modern, 

243. 
Mechanics  of  Hoisting  Machinery,  The,  4. 
Men  with  Finished  Minds,  483. 
Modern  Turret  Lathe  Practice,  438. 

al  Car  and  Locomotive  Builder,  100. 
National  Geographic    Magazine,  January  31,  1894, 

Proceedings    of  the    International    Geographic 

Conference  in  Chicago,  July  27,  28,  1^93,  The, 

102. 
National  School  of  Electricity,  The 

ion,  Primer  of,  245. 
New  Era  Gas  and  Gasoline  Engines,  The.  ;   t. 
New  Roads  and  Road    Laws  in  the  United   States, 

39°.  436. 


NEW    PUBLICATIONS. 


New  York,  Eleventh  Annual  Report  of  the   Board 
of  Railroad  Commissioners  of  the  State  of,  345. 
New  York,  New  Atlas  of  the  State  of,  52. 

Oriental  Republic  of  Uruguay  at  the  World's 
Columbian  Exhibition,  The,  7. 

Peck's  Export  Purchase  Index,  195. 

Performances  of  the  Steel  Steamer,  536. 

Per  I  Mercati  Coperti,  7. 

Pintsch  Gas  in  Houston,  Texas,  482. 

Pocket  Primer  of  Air-Brake  Instruction.  3S8. 

Political  Economy  of  Natural  Law,  The,  102. 

Poor's  Directory  of  Railway  Officials,  5. 

"  Practical  Engineer"  Pocket-Book  and  Diary, 
The,  146. 

Practical  Plight,  481. 

Practical  Instructions  Relating  to  the  Construction 
and  Use  of  the  Steam  Engine  Indicator,  5. 

Problem  of  Man  Flight,  The,  4S1. 

Proceedings  of  the  Twenty-fourth  Annual  Conven- 
tion of  the  Master  Car  and  Locomotive  Paint- 
ers' Association  of  the  United  States  and  Can- 
ada, 7. 

Public  Works  and  Mines,  and  the  Traditions  and 
Superstitions  of  all  Countries,  343. 

Pumps,  Centrifugal,  534. 

Railroad  Car  Journal,  in. 

Railroad  Commissioners  of  the  State  of  Massa- 
chusetts, Twenty-fifth   Annual  Report  of   the, 

Railroad  Commissioners  of  the  State  of  New  York, 
Eleventh  Annual  Report  of  the  Eoard  of,  345. 

Railway  Master  Mechanic,  The,  4. 

Red  Lead,  Concerning,  346. 

Revue  de  I'Aeronautique,  481. 

Roads  and  Pavements,  A  Text-Book  on,  437. 

Robins*  Life  Guard  or  Safety  Tender  for  Electric 
and  Cable  Cars,  The,  8. 

Roofs  and  Bridges,  A  Text-Book  on,  439. 


Rope  Driving,  Practical  Notes  on,  535. 
Rue  Manufacturing  Company,  The,  243. 

Santo  Domingo,  390. 
Scientific  Problems  of  the  Future,  481. 
Seventh   Annual    Report   of   the   Interstate  Com- 
merce Commission,  53. 
Sewage    Disposal,    Discussion  of     the    Prevailing 

Theories  and  Practices  Relating  to,  535. 
Skinner  Patent  Chucks,  345. 
Southern  Facts  for  Home-Seekers   and   Travelers, 

344. 
Standard  Water-Tube  Safety  Boilers,  7. 
Steam  Engine  and  Other  Heat  Engines,  The,  344. 
Steam  Engine.  A  Practical  Treatise  on  the,  147. 
Steam  Hammers,  Bell's  Improved,  53s. 
Steam  Heating  Systems,  Baker  Heater  and  Pintsch 

Gas,  Rules  for  Operation  of,  10a. 
Steam  Machinery  and    the  Marine  Steam  Engine, 

Elementary  Lessons  in,  53. 
Street  Railway  Journal,  The,  4S5. 
Stresses  in  Girder  and  Roof  Trusses,  439. 
Surveying  and  Surveying  Instruments,  195. 
Surveying    Instruments    and    Drawing    Materials, 

Architects*   and    Civil     Engineers'      Supplies, 

Catalogue  and  Price  List  of,  389. 
Sweet's  Patent  Measuring  Machines,  Price  List  of. 

Professor,  345. 

Tanite  Company,  The,  486. 

Tariff  of  United  States  Customs  Duties,  R.  F. 
Downing  &  Company's,  535. 

Text-Book  on  Roads  and  Pavements,  390. 

Thousand-Mile  Ride  on  the  Engine  of  the  Swiftest 
Train  in  the  World,  A,  51, 

Thurman  Fuel  Oil  Burner  Company's  System  of 
Burning  Crude  Petroleum,  535. 

Tie  Plates  n  Track  Repairs,  The  Yalue  of,  346. 

Tradesman,  The,  51. 

Transactions  of  the  American  Institute  of  Electri- 
cal Engineers,  245. 


Transition  Curves,  535. 

Transition  Curve,  The,  4. 

Transportation  Exhibits  at  the  World's  Columbian 

Exposition  ef  1893,  436. 
Treatise  on  the  South  American  Railways  and  the 

Great  International  Lines,  7. 
Turret  Lathe,  The  2x34  Flat,  8. 
Turret  Lathe  Practice,  Modern,  346. 

United  States  Metallic  Packing  Company,  53. 
Universal  Cutter  and  Tool  Grinder,  New,  8. 
Universal    Index   to   the   World's    Technical   and 
Scientific  Literature,  388. 

Valentine  &  Company,  53. 
Venture  Meter,  The,  8. 

Water  or  Hydraulic  Motors,  ^90,  4^7. 

Water-Tube  Boilers,  A  Few  Plain  Facts  Concerning, 

346. 

Weather-Making,  Ancient  and  Modern,  345. 
Wesunghouse  Automatic  Brake   Catalogue,    The, 

196. 
Westinghouse  Single-Acting  Engines,  Compound, 

Standard,  and  Junior,  The,  8. 
Weston  Engines,  391, 
What  an  Engineer  Should  Know  about  Electricity, 

100. 
Wheeler's  Improved  Surface  Condensers,  101. 
White's   Reference   Book    of  RaiJroad   Securities, 

39°. 
Will  Man  Ever  Fly  ?"s3o. 

Young   &    Willerer    Automatic   Mechanical    Rail- 
road Block-Signal  Company,  The,  101. 
Youngstown  Bridge  Company,  The,  483. 

Zeitschrift  fur  Luftschiffahrt  und  Physic   der  At- 
mosphere, 481. 


MISCELLANEOUS   ARTICLES. 


Academy  and  Home  for  Shipbuilders,  376. 
Accidents  to  Locomotive  Engineers  and  Firemen, 
39.  39.  »35i  1S9,  329,  277,  331,  377,  423.  469,  521, 

545- 

Acme  Nut-Facing  Machine,  536. 

Adams'  Upright  Water-Tube  Boilers,  The,  928. 

"  Admiral  Seniavin,"  The  New  Russian  Armored 

Ship,  513. 
Aerial  Navigation,  The  Development  of,  479. 
Air  Brake  and  Hand  Brake,  324. 
Air  Compressor,  The  Norwalk  Compound,  76. 
Air  Compressors*  Transmission  of  Power,  with  an 

Analysis  uf  Compound,  368. 
Air  Duster,  5-in.,  328. 
Air  Duster  Nozzle,  Chicago,  Rock  Island  &  Pacific, 

3*7- 

Air  Duster  Nozzle,  Cleveland,  Cincinnati,  Chicago 
A  St.  Louis  Railway,  326. 

Air-Hoist  Crane,  Car  with,  496. 

Air  Hoist  for  Loading  Wheels  and  Axles,  337. 

Air  Hose  Fittings,  Machine  for  Applying,  326. 

Air  Pumps  on  the  United  States  Cruiser  **New 
York,''  96. 

Air,  The  Scientific  Uses  of  Liquid,  132. 

Aluminum  Drawing  Instruments,  236. 

Aluminum,  The  Manufacture  of,  245. 

American  and  English  Locomotives,  9,  63. 

American  Locomotives  in  the  Argentine  Republic, 
Comparison  of  English  and,  74. 

American  Railway  Master  Mechanics'  Association, 
Convention  ot  the,  391. 

American  Society  of  Civil  Engineers',  The  Secre- 
taryships of  the,  3. 

American  Society  of  Mechanical  Engineers',  Meet- 
ing of  Members  of  the,  49,  78,  100,  177,  217. 

Among  the  Shops  at  Corning,  X.  Y..  495. 

Among  the  Shopsat  Hornellsville,  N.  V.,  444. 

Among  the  Shops  at  Packeaon,  Pa.,  497. 

Analysis  of  Iron  and  Steel,  International  Standards 
for  the,  140,  196. 

Arbitration,  A  Successful,  407. 

Apparatus  for  Rapid  Loading  of  Coal  into  Ships, 
67,*  112. 

Argentine  Republic,  Comparison  of  English  and 
American  Locomotives  in  the,  74. 

Armor,  Recent  Experiments  in,  334. 

Atwood  «!£  Perkins*  Engine,  239. 

Automatic  Coupler  Standards,  331. 

Automatic  Water  Tank,  303. 

Auxiliary  Machinery*  of  a  Modern  Cruiser,  The, 
420. 

Bagueley's  Valve  Gear,  553. 

Balloon   at   the   Antwerp    Exhibition,    Navigable, 

Balloons,  Making,  578. 

Balloon  Struck  by  Lightning,  A  War,  477. 
Baker's  Safetv  Vent,  303. 
Baker,  William  C,  333. 

Baldwin  Locomotive  Works,  Boilers  and  Boiler- 
Room  at  the,  315. 


Ball  &  Wood  Company's  New   Vertical  Engine  of 

600  H.  P.,  235. 
Band  Resawing  Machine,  568. 
Battleship  "  Royal  Oak,"  The  First-Class,  83. 
Battleship  "  Texas,"  The,  103. 
Beaudry's  Power  Hammer,  572. 
Beaumont- Wallington    High-Speed    Engine,  The, 

422. 
Beche's  Pneumatic  Hammer,  57a. 
Belpaire   Boilers  on   the    Lehigh  Valley  Railroad, 
n      346. 
Bethlehem  Iron  Company  at  the  World's  Fair,  The 

Exhibit  of  the,  175. 
Blower,  Green's  Rotary,  238. 
Boiler  Locomotive  for  the  Belgian  State  Railway, 

Triple,  273. 
Boiler,  Plummer's  Smokeless,  238. 
Boilers  and  Boiler-Room  at  the  Baldwin  Locomotive 

Works,  315. 
Boilers  and  Feed  Pumps  of  the  United  States  Bat- 
tleship "Texas,"  204. 
Boilers  in  the    Navy,  The    Use   of  Water-Tube, 

266. 
Boiler  on   the  Lehigh   Valley  Railroad,   Belpaire, 

346. 
Boiler  Steel,  Specifications  for,  293. 
Boilers,  The  Adams'  Upright  Water-Tube,  228. 
Boiler,  The  Yarrow,  274. 
Boilers,  Water-Tube,  193,  392. 
Boiler,  Wood's  Water-Tube.  300. 
Boiler,  Worthington's  Sectional  Steam,  570. 
Bow  Fire  of  Modern  Ships,  The,  553. 
Brakes,  Freight-Car,  324. 
Brake  Shoes,  Tests  of,  323. 
Bridge  on  Duluth,  Missabe  &  Northern  Railway, 

376. 
Brown's  Bicyclette  Electric  Car,  511. 
Brown's  Electric  Railway  Car,  475. 
Brown  Traveling  Crane,  The,  409. 
Buffington-Crozier    Disappearing     Gun     Carriage, 

The,  59. 
Buildings,  Transporting,  118. 
Butman  s  Mechanical  Stoker,  570. 

Capital  Vises  and  Jack  Screws,  336. 

Car,  Defensive  Railroad,  287. 

Carrier  for  Wheel  Lathe,  134. 

Cars,  Metal  Under  Frames  for  Freight,  90. 

Cast-Iron  Pulleys  (Double  Arms),  Dimensions  of, 

356. 
Catalogues,  Specifications,  etc.,  Standard  Sizes  for, 

322. 
Caucasus  Range,  The  Government  New  Location 

for  the  Railroad  across  the  Main,  28. 
Central  Railroad  of  New  Jersey,  Suburban  Stations 

on  the,  124. 
Centrifugal  Pumps,  411,  499,  461. 
Chains.  Method  of  Manufacturing  Weldless,  20. 
Chains,  Safety,  323. 
Chase  &  Company,  L.  C,  332. 
Check  Valve,  388. 


Chemnitz,  Industries  of,  54. 

Chinese  Railroads,  513. 

Cinder  Trap,  405. 

Circulation  on  Evaporative  Efficiency  of  Water- 
Tube  Boilers,  The  Influence  of,  410. 

Coal  Consumption,  Empire  State  Express,  423. 

Coal  into  Ships,  Apparatus  for  Rapid  Loading  01, 
67,  112. 

Coal,  Prices  of  Nova  Scotia,  134. 

Coal-Washing  Plant,  The  Luhrig,  119. 

Cole's  Metallic  Rod  Packing,  571. 

"Columbia"  and  "  Minneapolis,"  The  L'nited  States 
Triple-Screw  Cruisers,  542. 

Compound  Air  Compressors,  Transmission  of 
Power,  with  an  Analysis  of,  368. 

Compound  Engines,  1. 

Compound  Engines,  Wightman's  Starting  Appli- 
ance for.  431. 

Compound  Locomotive,  295. 

Compound  Locomotive  on  the  Long  Island  Rail- 
road, Performance  of  a,  137. 

Compound  Locomotive,  Richmond,  305. 

Compound  Locomotives,  Saving  Effected  by,  103. 

Compound  Mogul  Freight  Engine  Built  by  the 
Pittsburgh  Locomotive  Works,  71. 

Compressed  Air  Appliances  and  Hydraulic  Ma- 
chinery, 324. 

Compressed  Air  in  Paris,  The  Distribution  of,  466. 

Compressed  Air  on  the  West  Shore  Railroad,  The 
Use  of,  350. 

Consolidated  Car  Heating  Company,  The,  333, 

Contributions  to  Practical  Railroad  Information, 
5*9- 

Contnbutions  to  Practical  Railroad  Information, 
Manganese  in  Steel,  Method  of  Determining, 
176,  128,  321,  372,  449. 

Convention  of  the  American  Railway  Master  Me- 
chanics' Association,  291. 

Conventions  of  the  Master  Car  Builders*  and  Mas- 
ter Mechanics*  Associations,  The,  389. 

Copper  and  Lead  in  Phosphor-Bronze,  Method  of 
Determining,  449. 

Coupler  Standards,  Automatic.  331. 

Cracking  of  Back  Tube  Sheets,  -91. 

Cracks  in  Fire-Box  Sheets,  127. 

Crane,  A  40-Ton  Dock,  453. 

Crane  at  Her  Majesty's  Dock  Yard,[Chatham,  160- 
Ton,  164. 

Crane,  One-Ton  Traveling,  31. 

Crank's  Turnings,  The,  527. 

Criticism  from  Headquarters,  A,  50. 

Cromwell's  Smoke- Box,  84. 

Crosby  Steam  Gauge  and  Valve  Company,  333. 

De  Laval's  Steam  Turbine,  38r. 

Delaware  *fc  Hudson  Canal  Company,  Standard 
Mogul  Freight  Locomotive  of  the,  250. 

Detentions  on  Railroads  from  Defects  in  Locomo- 
tives, 44.  * 

Detentions  to  Trains  from  Failures  of  Passenger 
Locomotives,  90,  139. 


MISCELLANEOUS    ARTICLES. 


Development  of  Stationary  Engines,  The,  106. 

Draft-Sill  for  Car*.  Salveter's  Metal,  142 

Diaw  Gear  for  Cars,  Cole  Jfc  Grieves,  144. 

Drawing  Instrument!,  Aluminium,  236. 

Dredger,  A  Solid  Rock,  192. 

Dredging  Bucket,  Symonds',  a;8. 

Dnggs-Schroeder  Rapid-Fire  Guns,  The,  37. 

Drills,  New  Method  of  Driving,  235. 

Drill,  The  Model  Portable,  283. 

Drop  Pit,  Pas%en^cr  Truck,  325. 

Duiuth,  Missabe  &  Northern  Railway,  Bridge  on, 

370. 
Dunbar's  Piston-Packing  Rings,  134* 


F.ditorial  Perplexity.  An,  53. 

Electrical  Energy  in  the  Mills  of  Forrest  &  Co.,  at 
St.  Etieune,  Distribution  of,  558. 

Electrical  Transmission  of  Power  in  Factories.  164. 

Electricity.  Economy  of  Driving  Mills  and  Facto- 
ries by,  449-  .  . 

Electric  Power  Installations  in  Engineering  and 
Iron  Works,  265. 

Electric  Signaling  without  Wires,  272. 

Emery  Testing  Machine,  Recent  Improvements  in 
the,  177. 

Engine,  A  Heavy  Duty  Slide  Valve,  284. 

Engine  and  Dynamo,  Direct  Connection,  335. 

Engine,  At  wood  A  Perkins*,  239. 

Engine  Built  by  the  Pittsburgh  Locomotive  Works, 
Compound  Mogul  Freight,  71.* 

Engine  Clearance  Condensation,  Cylinder  and  Ini- 
tial, 503. 

Engine,  Delaware  A:  Hud-n  Canal  Co.,  Standard 
Mogul  Passenger,  298. 

Engine  870  on  the  New  York  Central  &  Hudson 
River  Railroad,  Performance  of,  197. 

Engine  for  Tug  "  W.  G.  Wilmot,"'  Triple-Ex- 
pansion, 315. 

Engine,  The  Heaumonl-Wallington  High-Speed 
Engine.  422. 

Engine  and  Tender  Connection  on  the  Pennsyl- 
vania Railroad,  362. 

Engineers  and  Firemen,  Accidents  to  Locomotive, 
39,  89,  135,  185,  229,  277,  331.   „        L.     „        , 

Engineer's  Career  Represented  Graphically,  An, 
119. 

Engines,  Compound,  1. 

Engines  ol  the  German  Railway  Union,  Some, 
307. 

Engines  of  the  United  States  Battleship  "Texas," 
Triple-Expansion,  353. 

Engines,  The  Development  of  Stationary,  106. 

Engine,  Tank,  228. 

Engine,  Three-Cylinder,  125. 

Engine,  Truesdcll's  Compound  Oscillating,  239. 

English  Locomotives,  American  and,  9,  63. 

Engli-h  and  American  Locomotives  in  the  Argen- 
tine Republic,  Comparison  of,  74. 

Enigmas  of  Elements,  The,  507. 

Exhaust  Nozzles,  296. 

Exhibits  at  the  Conventions,  Some,  332. 

Expansion  of  Locomotive  Fire-Boxcs,  Experiments 
on  the,  114. 

Express  Passenger  Locomotive  for  the  Midland 
Railway,  361. 


Fay's  Engine  Valve,  191. 

Finlayson  Water-Tube  Boiler,  568. 

Fire-Boxes,  Experiments  on  the  Expansion  Lo- 
comotive, 114.* 

Fire- Box  Sheets,  Cracks  in. 

Fire-Box,  Von  Dormus'  locomotive,  287. 

Fire  Kindler  for  Kindling  Locomotive  Fires  with 
Crude  Oil  instead  of  Wood,  The  Leslie  Patent 
Locomotive,  304. 

I  ire  Kindlers,  Locomotive,  296. 

Flexible  Friction  Clutch  Pulley.  524. 

Flight  so  Difficult  of  Invention  ?  Why  is  Artificial, 

575* 
Flint  &  Pere  Marquette  Railroad,  Locomotive  for 

Local  Traffic  on  the,  263. 
Flying  Machine,  Mr.  Maxim's,  405. 

..italing  Apparatus.  A  New,  255. 
r  ree  Labor  and  1  rade  Unionism,  551. 
Free  Labor  Association,  Manifesto  of  the,  551. 
Freight  Car  Brakes,  324. 
French  Spring  Company,  The  A — ,  333. 
Fuel  Oil  Burner,  The  Thurman,  428. 
Fuel   on    the    French,  English   and  Belgium   Rail* 

ways.  The  Handling  of,  13.* 
Fuels,  Liquid,  318. 
Furnace  and  Mechanical  Stoker,  Batman's.  570. 


Gas  Motors  for  Street  Railways,  Progress  in.  455. 

Gas  Motors  in  Germany,  The  Use  of,  119. 

Ga«  Power  on  Tramways,  364, 

Gear  Presses,  Projectile  and,  87. 

George  IV.,  Railroading  under  the  Reign  of,  12a. 

German  Railway  Union,  Some  Engines  of  the.  307. 

Gettysburg  to  Baltimore,  Electric  Railroad  from. 
465- 

Glass  Oil  Cup  for  Dynamos  and  General  Engine 
Bearings,  A,  48. 

Gold's  Pressure  Regulator,  239. 

GOlsdorfs  Compound  Locomotive,  573. 

Government  New  Location  for  the  Railroad  across 
the  Main  Caucasus  Range,  The,  28. 

Grand  Central  Railway  of  Belgium,  Signal  Appar- 
atus in  Use  on  the,  209. 

Grand  Trunk  Railway  Injector,  27. 


Graphically,  An    Engineer's   Career   Represented, 

119. 
Graphite  as  a  Lubricant,  242. 
Graphite  Paint,  L.  S.  G.,  284. 
Graphite,  Testing,  390. 
Green's  Rotary   Blower,  238. 
Grindstone  Truing  Device,  33.* 

Hancock    Locomotive     Inspirator  for   1894,    The, 

474; 

Hand  Brake,  Air  Brake  and,  324. 

Hannan's  Coal  Stoker,  571. 

Heating  Power  of  Smoke,  The,  a 

Heating,  Steam,  324. 

Heavy-Duty  Slide  Valve  Engine,  A,  284. 

Helmholtz's  Locomotive  Running  Gear,  2  ;6. 

High-Speed  Locomotives,  145. 

Hoist  for  Loading  and  Unloading  Cans,  395, 

Hoist  for  loading  Wheels  and  Axles,  327. 

Horizontal  Drilling  Attachment,  31. 

"  Hornet,"  Trials  of  H.  M.  S.,  260. 

Hose  Connections,  Plan  for  Applying,  327. 

Humphreys'  Wrench,  240. 

Hunt's  Journal  Bearing,  142. 

Hydraulic  Boat  Lifts,  211. 

Hydraulic  Machinery,  Compressed  Air  Appliances 

and,  324- 
Hydraulic  Screw  Press,  496. 
Hydrostatic  Testing  Machine, 327. 

Inclined  Planes  on  the  Morris  Canal,  555. 

Indelible  Pencils,  322. 

Injector,  Grand  Trunk  Railway,  27. 

Interchange,  Rules  of,  323. 

International  Standards  for  the  Analysis  of  Iron 
and  Steel,  140,  196. 

Iron  and  Steel  Wire,  171. 

Iron  in  Commercial  Spelter,  Methods  of  Determin- 
ing, 519. 

Jack,  13-in.,  Pneumatic,  328. 
Jack,  Shop  Truck,  325. 
Jacket  Punch  Machine,  33. 
Japan,  Railway  Construction  in,  365. 
JapaneseBridge,  An  Old,  507. 
Journal  Bearing,  Hunt's,  142. 

Kingsland  Shops  of  the  Delaware,  Lackawanna 
JC  Western  Railroad  Company,  The,  33. 

Kinsman  Blo.-k  System  Company,  275,  333. 

Klein  &  Linder  Locomotive,  The,  4S7. 

Knowles'  Automatic  Exhaust  Relief  Valve,  The, 
426. 

Labor  Question,  The,  517. 

Labor,  Supplementary  Observations  of  the  Royal 

Commission  on,  341. 
Lehigh   Valley  Railroad,   Belpairc  Boiler  on    the, 

346. 
Lifeboats,  Steam,  227. 
Lifts,  Hydraulic  Boat,  21. 
Lighting  Passenger  Car  Equipment,  331. 
Link,  Warren's  Shifting, 
Liquid  Air,  The  Scientific  Uses  of,  132. 
Loading  of  Coal  into  Ships,  Apparatus  for  Rapid, 

67,  112. 
Locomotive,  Compound,  295- 
Locomotive,  Delaware  &  Hudson  Canal  Company, 

Standard  Mogul  Passenger,  398. 
Locomotive  Engine,  143. 
Locomotive  Engine  870,  on  the  New  York  Central 

&  Hudson  River  Railroad,  Performance  of,  197. 
Locomotive  Engineers  and  Firemen,  Accidents  to, 

39.  So,  135,  185,  229,  277.  331,  377.  423,  469,  521. 

Locomotive  Fire-Eoxes,  Experiments  on  the  Ex- 
pansion of,  39.89,  114,135,  185,229.277,331,377. 

Locomotive  Fire- Box,  Von  Dormus',  287. 

Locomotive  Fire  Kindler  for  Kindling  Locomotive 
Fires  with  Crude  Oil  instead  of  Wood,  The 
Leslie  Patent,  296. 

Locomotive  for  Local  Traffic  on  the  Flint  A  Pere 
Marquette  Railroad,  263. 

Locomotive  for  the  Belgian  State  Railway,  Triple 
Boiler,  273. 

Locomotive  for  the  Midland  Railway,  Express 
Passenger,  361. 

Locomotive,  Four-Whecled  Coupled  Bogie  Tank, 
169. 

Locomotive,  Golsdorfs  Compound,  573. 

Locomotive,  Helmholtz,  286. 

Locomotive  History,  390. 

Locomotive,    London    &    Northwestern    Railway, 
Eight  Wheels  Coupled  Compound  (We 
tern)  Coal,  515. 

Locomotive  of  the  Delaware  &  Hudson  Canal 
Company,  Standard  Mogul  Freight,  250. 

Locomotive  on  the  Long  Island  Railroad,  Perform- 
ance of  a  Compound,  137. 

Locomotive  Problem,  The  Last  of  the,  8,  55,  149. 

Loc  imotive  Returns  for  1894,  Monthly,  8,  40,  88, 
136,  184,  230,  278,  330,  424.  47°*  520.  544- 

Locomotive  Running  Gear,  Helmholtz's,  236. 

Locomotive  "  Samson,"  131. 
■    tive.  Tank,  228. 

Locomotive  Tests,  Conducting,  298. 

Locomotive,  The   Reciprocating   Parts  of   a,    198, 

Locomotives,  American  and  English,  9,63. 
Locomotives   as    Compared    with    Stationary   and 

Marine    Engines,   The    Economical    Efficiency 

of,  401. 


Locomotives  for  Brazil,  Two  Types  of,  508. 
Locomotives    for  the   Boston  A;  Albany    Railroad, 

Eight-Wheeled  Passenger,  493. 
i  tives,  Cost  of  Maintaining,  296. 

Locomotives   on  the  Manchester,  Sheffield   Jt  Lin- 

1  .  ilnshire  Railway,  Standard,  405. 
Locomotives,  Use  of  Petroleum    on    Locomotives, 

35o.  . 
Locomotives,  Detentions   to  Trains   fr-'m    failures 

of  Passenger.  44,  go,  139. 
Locomotives,  High  Speed,  145. 
Locomotives  of  the  German  Railway  Union,  Some, 

3°7-  . 

Locomotives  in  the  Argentine  Republic,  Compari- 
son of  English  and  American,  74. 

Locomotives,  Modern,  54. 

Locomotives,  Saving  Effected  by  Compound,  103. 

Locomotives  of  the  New  York,  Lake  Erie  A;  West- 
ern Railroad,  564. 

Locomotive  Valve  Gear  with  Separate  Admission 
and   Exhaust  Valves,  275. 

Locomotive,  Von  Borries'  Compound,  236. 

Locomotive  Works,  Compound  Mogul  Freight  En- 
gine Built  by  the  Pittsburgh,  71.* 

Lubrication  of  Cars,  323. 

Luhrig  Coal-Washing  Plant,  The,  119. 

Machinery  of  the  New  Vessels  of  the  United  States 

Navy.  Notes  on  the,  17. 
Master  Mechanics'  Association,  Convention  of  the 

American  Railway,  291. 
Master  Mechanics' Associations,  The  Conventions 

of  the  Master  Car  Builders'  and,  289,  321. 
Maxim's  Flying  Machine,  Mr.,  405,  481. 
Mechanical  Engineers,  Meetings  of  Members  of  the 

Society  of,  97,  177. 
Meeting  of  the  Membeis  of  the  American    Society 

of  Mechanical  Engineers,  The  Use  of  Water- 
Tube  Boilers  in  the  Navy,  266. 
Memorial  Service,  331. 

-  Wave  Motor,  574. 
From  Rust,  Protecting,  27. 
Metal  Under  Frames  for  Freight  Cars,  90. 
Metallic  Packing,  404. 

Method  of  Determining  Silicon  in  Steel,  34. 
Midland   Railway,  Express  Passenger  Locomotive 

for  the,  361. 
Military  Ballooning  in  Germany,  529. 
Milling,  A  Lesson  in,  569. 
Modern  I^ocomotives,  -,4. 
Moffet  Portable  Drill,  The,  283. 
More  Room  Needed,  129. 
Morton  Safety  Heating  Company,  The,  333. 
Mosher  Water-Tube  Boiler,  427. 
Motive  Power    Required    for  an    Electric    Railway. 

The,  367. 
Motors  in  Germany,  The  Use  of  Gas,  119. 
Muffled  Pop  Valve,  Standard,  33. 

New  919,  A,  352. 

New   York,    New     Haven    &    Hartford     Railr-.ad, 

Pneumatic  Hoist  in  the  Shops  of  the,  82. 
11  New    York,"    United    States     Armored    Cruiser, 

21,  96. 
Norwalfe  Compound  Air  Compressor,  The,  76. 
Nova  Scotia  Coal,  Prices  of,  134. 
Nozzles,  Exhau  I 

Oils  and  Oil  Tests,  292. 

Pacific    with    the  Arctic   Ocean,  A  Connection    of 

the,  511. 
Packing,  Cole's  Metallic  Rod,  571. 
Page  Woven-Wire  Fence  Company,  475. 

^'■r  Truck  Drop  Pit,  325. 
Patent  Bill,  The  New,  19  . 
Pencils,  Indelible,  322. 
Peiforrnance   of     Engine    870   on    the     New     York 

Central  &  Muds-  n  River  Railroad,  197. 
Petroleum  in  Java  and  Sumatra,  190 
Petroleum  on  Locomotives,  The  Use  of,  350. 

elphia  &  Reading  Railroad,  Special  Tools  of 

the,  31,  124. 
Philadelphia  A:  Reading  Railroad,  Tender   Frame, 

Phineas  Davis'  Steamboat,  42. 

Phosphorus  in  Phosphor  Bronze,  Method  of  De- 
termining, 128. 

Photographic  Process,  A  New,  183. 

Pipe  Chuck  for  Lathe,  261. 

Piston  Packing  Rings,  Dunbar's,  134. 
k  lor  Wheel  Pit,  325. 

Pittsburgh  Locomotive  Works,  Compeund  Mogul 
Freight  Engine  Built  by  the,  71. 

Plummer's  Smokeless  Boiler,  238. 

Pneumatic  Dynamite  Guns,  The,  395. 

Pneumatic  Hammer,  Beche's,  572. 

Pneumatic  Hoist  in  the  Shops  of  the  New  York, 
New  Haven  &  Hartford  Railroad,  31. 

Pneumatic  Hose  Machine  for  Applying  Hose 
Couplings,  328. 

Pneumatic  Jack,  13-in.,  328. 

Pole  and  Rope  Construction  Staging.  418. 

Poling  Car,  New  York,  Lake  Erie  A:  Western  Rail- 
road, 515. 

Power  Hammer,  Beaudry's,  572. 

Pressed  Steel  Under  Frames,  261. 

Pressure  Regulator,  Gold's,  239. 

Problem,  The  Last  of  the  Locomotive,  149 

Progress  in  Flying  Machines,  34. 

Projectile  Trimming  Machine,  78. 


MISCELLANEOUS    ARTICLES. 


VII 


Projectile  and  Gear  Presses,  87. 

Pull-Down   Jack    for  Removing  Car  Sill>,    Needle 

Beams  and  Bolsters,  329. 
Pulleys,  Dimensions  of  Cast-iron,  135. 
Pulleys  (Double  Arms),  Dimensions  of   Cast-Iron, 

Pumps  of  the  United    States    Battleship  "  Texas," 

Boilers  and  Feed,  204. 
Pump  Valves,  125. 
Purdue  University,  Fire  at,  140. 

Quadruple-ExpansionjEngine  for  Third-Class  Tor- 
pedo Boat,  457. 
Quick-Speed  Steam  Engine,  383. 

Rack  Railways,  361. 

Railroading  under  the  Reign  of  George_IV.,  122. 

Railway  Construction  in  Japan,  365. 

Railway  Signar'Question,  The,  54. 

Ram  in  Action  and  in  Accident,  The,  212. 

Rapid-Fire  Guns,  The  Driggs-Schroeder,  37. 

Rapid  Loading  of  Coal  into  Ships,  Apparatus  for, 
67,  112. 

Reciprocating  Parts   of    a   Locomotive,   The,    198, 

_      35i. 

Relief  Valve,  The  Knowles'  Automatic  Exhaust, 
426. 

Re>ume  of  Accidents  to  Locomotive  Engineers  and 
Firemen  for  One  Year,  163. 

Re-rolling  Street  Rails,  486. 

Richmond  Compound  Locomotive,  305. 

Riehle  Measuring  and  Per  Cent.  Gauge,  141. 

Riveting  Pressures  Required  for  Bridge  and  Boiler 
Work,  The,  85. 

Root  Boiler,  The  Improved,  523. 

Ross  Valve  Company,  The,  333. 

Royal  Commission  on  Labor,  Supplementary  Ob- 
servations of  the,  341. 

"  Royal  Oak,"  The  Fir>t-CIass  Battleship,  83. 

Rules  of  Interchange,  323. 

Russian  Commercial  Fleet,  The,  512. 

Russian  Engineering  Notes,  511. 

Rust,  Protecting  Metals  from,  27. 

Safety  Car-Heating  and  Lighting  Company,  333. 

Safety  Chains,  322. 

Safety  Vent,  Baker's,  303. 

Sailing  Flight  of  Aeroplanes,  A  Theory  of,  530. 

Salveter's  Metal  Draft-Sill  for  Cars,  142. 

Sanding  the  Track,  Methods  of,  296. 

Saving  Effected  by  Compound  Locomotives,  103, 

Scarritt  Furniture  Company,  333. 

Serve  Tubes  Made    on   the  Northern   Railway   of 

France,  Experiments  with,  28s. 
Ship  Builders,  Academy  and  Home  for,  276. 
Siberian  Railroad,  Progress   in  the  Construction  of 

the  Great,  541. 
Signal    Apparatus   in    Use  on    the  Grand  Central 

Railway  of  Belgium,  161,  209. 
Signaling  without  Wires,  Electric,  272. 
Signal  Question,  The  Railway,  54. 
Silicon  in  Steel,  Method  of  Determining,  321. 


Simonds'  Rolling  Machine  Company,  333. 

Smoke-Box,  Cromwell's,  84. 

Special   Appliances    in    Use    on  the  Flint  &    Pere 

Marquette  Railroad,  Some,  404. 
t  Special  Shop  Tools,  296. 
Standard  Sizes  for  Catalogues,  Specifications,  322. 
Standard  Specifications  for  Structural  Steel,  281. 
Starting    -Appliance     for      Compound       Engines, 

Wightman's,  431. 
Stations  on    the  Central  Railroad   of  New  Jersey, 

Suburban,  124. 
Staybolt  Cutter  in  the  Philadelphia  and  Reading 

Shops,  561. 
Steamboat,  Phineas  Davis*,  42. 
Steam  Engine,  Porter's,  382.  * 

Steam  Engines,  Spair's,  383. 
Steamers,  The  Vibrations  of,  257, 
Steam  Heating,  324. 
Steam  Hose,  473. 
Steam  Life-Boats,  227. 
Steel,  International  Standards   for  the  Analysis  of 

Iron  and,  140. 
Steel,  Specifications  for  Boiler,  293. 
Steel,  Standard  Specifications  for  Structural,  281. 
Steel-Tired  Wheels,  322. 
Steering  Gear,  Steam,  214. 
Stoker,  Butman's  Mechanical,  570. 
Stoker,  Hannan's  Coal,  571. 
Stone  Breaking  Machine  for  Road  Making,  A  New, 

190. 
Stone  for  Engineering  Structures,  Building,  186. 
Suburban  Stations  on  the  Central  Railroad  of  New 

Jersey,   124. 
Suspension  Railway  at  Knoxville,  283. 
Symonds1  Dredging  Bucket,  238. 

Tank  Engine,  228. 

Taylor  Iron  and  Steel  Company,  303. 

Telescope  Jack  for  Wheel  Pit,  325. 

Tender  Frame,  Philadelphia  &  Reading  Railroad, 

53- 
Tesling  Machine,  Hydrostatic.  327. 
Testing   Machine,     Recent   Improvements   in   the 

Emery,  177. 
Testing  Machines,  217. 
i(  Texas,"  Boilers   and  Feed-Pumps  of  the  United 

States  Battleship,  204. 
"Texas,"  The  Battleship,  103. 
"Texas,"  Triple-Expansion  Engines  of  the  United 

States  Battleship,  353, 
L*  Texas,"  Turret   and  Turret  Moving    Machinery 

of  the  United  States  Battleship,  152. 
Three-Cylinder  Engine,  125. 
Thurman  Fuel  Oil  Burner,  The,  428. 
Ticket-Destroying  Machine,  124. 
Tin  in  Phosphor  Bronze,  Method  of  Determining, 

372. 
Tire  Treatment.  298. 

Torpedo- Boat    from  Toulon  to   Cherbourg,  Trans- 
portation of  a,  308. 
Tower  Coupler,  The,  525. 
Train  Heating  with  Steam  and  Compressed   Air  on 

the  Eastern  Railway  of  France,  373. 


Transmission  of  Power  with  an  Analysis  of  Com- 
pound Air  Compressors,  368. 

Transcaspian  Railroad,  The  Proposed  Extension  of 
the,  511. 

Transportation  of  a  Torpedo- Boat  from  Toulon  to 
Cherbourg.  308. 

Transporting  Buildings,  xi8. 

Traveling  Crane,  The  Brown,  409. 

Trimming  Machine,  Projectile,  78. 

Trimming  Press  for  Drop  Forgings,  192. 

Triple-Expansion  Engine  for  Tug  "  W,  G.  Wil- 
mot,"  315. 

Triple-Expansion  Engines  of  the  United  States 
Battleship  ,l  Texas,''  353. 

Truesdell's  Compound  Oscillating  Engine,  2:9. 

Tubes  Made  on  the  Northern  Railway  of  France, 
Experiments  with  Serve.  285. 

Tube  Sheets,  Cracking  of  Back,  291. 

Truck  Jack,  Shop,  325. 

LTnder  Frames,  Pressed  Steel,  261. 

United  States  Armored  Cruiser  "  New  York,"  ai. 

United    States   Battleship   "  Texas,"  Boilers    and 

Feed-Pumps  of  the,  204, 
United  States  Cruiser  "  Cincinnati,"  444. 

Valve,  Fay's  Engine,  igi. 

Valve  Gear,  Bagueley's,  553. 

Valve  Gear  with  Separate  Admission  and  Exhaust 

Valves,  Locomotive,  275.  _. 

Valve,  Balanced,  406. 
Ventilation,  Car,  324. 
Vibrations  of  Steamers,  The,  257. 
Von  Borries'  Compound  Locomotive,  236."' 

Warren's  Shifting  Link,  572. 

Water  Tank,  Automatic,  303. 

Water-Tube  Boiler,  Finlayson,  568. 

Water-Tube  Boiler,  Mosher,  427, 

Water-Tube  Boilers,  191,  392, 

Water-Tube  Boilers  and  their  Application  to  War. 

Vessels,  547. 
Water-Tube  Boilers  in  the  Navy,  The  Use  of,  266. 
Water-Tube  Boilers,  The  Adams'  Upright,  228. 
Water-Tube  Boilers,  The  Influence  of   Circulation 

on  Evaporative  Efficiency  of,  410. 
Water-Tube  Boiler,  Wood's,  300, 
Wave  Motor,  Merritt's,  574. 

Weldless  Chains,  Method  of  Manufacturing,  20. 
Westinghouse  Air-Brake  Company,  333. 
Wheels,    Steel-Tired,  322. 
White  Sea,  A  New  Connection,  511. 
Wightman's   Starting   Appliance     for    Compound 

Engines,  430. 
"  Wilmot,"     Triple-Expansion    Engine    for     Tug 

W.  G.,  315. 
Wire.  Iron  and  Steel,  171. 
Wood,  Unconsidered  Uses  of,  167. 
Worthington's  Sectional  Steam  Boiler,  570. 
Wrench,  Humphreys',  240. 

Yarrow  Boiler,  The,  274. 
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NOTES   AND    NEWS. 


Accles  Machine  Gun,  59. 

Aerial  Locomotion,  Discussing,  567. 

Aerial  Railway  at  Gibraltar,  197, 

Agricultural   Machinery  in  Southern   Russia,  The, 

Air  into  the  Earth,  Pumping,  441. 

Air  Power  for  Street  Cars,  135. 

Air-Pump,  First  Test  of  the,  56. 

Aluminum  Bullets,  56. 

Aluminium  Horse  Shoes,  157, 

Aluminium  for  Lithography,  247. 

Aluminium  in  Place  of  Tin,  56. 

Aluminum  for  Gasholders,  56. 

American    International    Association   of    Railway 

Superintendents  of  Bridges  and  Buildings,  471, 

567. 
American  Railway  Master  Mechanics'  Association, 

281,  567. 
American    Society  of     Mechanical   Engineers,  231, 

279. 
American  Steamers,  The  New  Atlantic,  490. 
Arctic  Ocean,  Rail  to  the,  246. 


Armor  Plates  in  the  British  Navy,  197. 

Armor  Plate  Tests  at  Bethlehem,  537. 

Armor  Plate,  Test  of,  246. 

Armor  Plate,  Trial  ef,  138. 

Armor  Plate,  Trial  of  Harveyized,  349. 

Armstrong  Manufacturing  Co.,  The,  234. 

Artificial  Lights,  Comparison  of,  57. 

Association  of  Engineers,  426. 

Association  of  Engineers  of  the  South,  280. 

Association  Engineers  of  Virginia,  1S8,  280,  379. 

Austrian  Mitrailleuse,  A  New,  247. 

Axles,  Crank,  ico. 

I:aker,  William  C,  334. 

Balloon  Ascension  in  the  United  States,  The  First, 

56. 
Baltimore  &  Ohio  R.  R.  Cos.,  The,  234. 
Baltimore  &  Ohio's  Cut-off  at  Harper's  Ferry,  The. 

1  ;6. 
Basic  Slag  as  Manure,  58. 
Battleship,  A  New  British,  488. 
Battleships  for  England,  New,  56.  2 


Benzine  Wagon,  56. 

Bertrand  Rustless  Process,  139. 

Bicycling,  French  Doctors  on.  539. 

Bloomsburg  Car  Company.  The,  335. 

Boilers  and  Machinery  in  the  British  Navy,  :    -. 

Boilers,  An  Improvement  in  Furnace,  58. 

Boilers,  Explosion  of,  27,  489. 

Boilers  for  the  "  Powerful'*  and  "Terrible 

Boilers,  Hand-hole  Cover  for,  57. 

Boiler,  Spray  in  the,  247. 

Boring  8000  ft.  Through  Reck.  301. 

Boston  Society  of  Civil  Engineers,  281. 

Bridge  Across  the  Delaware.  The  Great  Railway, 

488. 
Bridge,  A  New  Mississippi  River,  156. 
Bridge,  The  Hudson  River,  302. 
Buffington-Crozier  lo-in.   Disappearing  Gun   Car- 
riage, 493. 
Buoy,  Illuminated  Life.  246. 

Canal,  A  Trans-Jersey  Ship,  539. 
Canal  Boat  Resistance,  393. 
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iquid  Carbonic 


Canal  Boats  Electric.  188. 

Canvas  Cofferdams,  302. 

Carbonic    Acid,    Disincrustatien   of    Boilers    with 
Liquid,  57. 

Cars,  Spanish,  156. 

Castle  in  the  Air,  A,  56. 

Central  Railway  Club,  Meetings  of  the,  48,  523, 

"Centurion,"  British  Battleship,  187. 

Chicago,  Milwaukee  &  St.  Paul  Ry.  Co.,  234. 

Chignecto  Ship  Railway,  490. 

China  and  Japan,  The  Warships  of,  440. 

Chinese  Navy  Worthless.  The,  101. 

Chinese  Obstacles  to  Railroad  Building,  158. 

Chinese  Railroad  Employes,  430. 

Chinese  Railroads,  302. 

Cincinnati,  The,  ^47. 

Civil  Engineers*  Society  of  St.  Paul,  189,  a8i. 

Cleveland  Twist  Drill  Company,  The,  .-34. 

Coal  Dust  in  London,  England,  Utilization  of,  58. 

Coal  in  Mexico,  551. 

Coaling  System,  Lewis  &  Hunter's,  158. 

Coal  Washing,  350. 

Cofferdams,  Canvas,  302. 
Color  for  Torpedo  Boats,  The  Proper,  95. 
Commerce  Destroyer,  A,  103. 

Compound  Locomotive  of  the  Richmond  Locomo- 
tive Works,  159. 
Compressed  Air  in  a  Coal  Mine,  393. 
Compressed   Air  on  the  West  Shore  Railroad,  The 

Use  of,  350. 
Condenser,  A  Type  of,  57. 
Congo  Road,  Travel  on  the,  57. 
Conundrum,  539. 

Copenhagen,  Tunnel  and  Bridge  to,  57. 
Copper  and  Zinc,  Hardness  of,  57. 
C  >rrection,  A.  4^0. 
Corrosion  of  Water  Pipes,  347. 
Cotton,  Method  of  Baling.  158. 
Cotton  Mills  in  Egypt,  249. 
Counterweight  for  Electric  Cars,  58. 
Cramps'  and  British  Warships,  300. 
Crank  Axles,  160. 

Delaware  &  Hudson  Shop  ToeU,  440. 
Detrick  &  Harvey  Machine  Co.,  The,  234 
Detroit  Graphite  Manufacturing  Co.,  234. 
Dining  Cars,  English,  246. 
Disappearing  Gun  Carriage  Trial,  43. 
Discussions  at  the  Conventions,  343. 
Disincrustation   of    Boilers    with    Li 

Acid,  57. 

Drainage  Canal  for  the  City  of  Mexico,  301. 
Dredge  "  Ram,''  Test  of  the  United  States,  188. 
Driving  Springs,  Device  for  Removing,  537. 
Dryness  of  Steam,  Testing  the,  349. 

East  River  Tunnel,  The,  430. 

Egypt,  Cotton  Mills  in,  949. 

Electrical  Experiments  by  the  U.  S.  Lighthouse 
Board,  Mysterious,  488. 

Electrical  Schools,  489. 

Electric  Canal  Boats,  t8S. 

Electric  Gondolas  in  Venice,  187. 

Electricity  as  a  Motive  Power,  159, 

Electricity  in  Lighthouses,  301. 

Electricity,  Lone-Distance,  539. 

Electricity  in  Workshop-.  441, 

Electric  Lighting  with  Gas  Motors,  The  Expense 
of,  349. 

Electric  Road,  Conversion  of  a  Steam  into  an,  138. 

Elementary  Body  Discovered  in  the  Atmosphere,  A 
New,  441, 

Engineering  Association  of  the  South,  231. 

Engineering  Education,  A  Defect  in.  440. 

Engineers'  Club  of  Cincinnati,  189,281. 

Engineers'  Club  of  Philadelphia,  95,  189,  379. 

Engineers'  Club  of  St.  L   1  - 1.  522,  567. 

Engineers'  Society  of  Western  Pennsylvania,  Pro- 
ceedings of  the,  48.  95,  aSo. 

Engine,  Raising  a  60-Ton,  157. 

"  Ericsson,"  The,  248. 

Fastest  Ship  in  the  World,  The,  349. 

Felling  Tree--  by  Electricity,  S46. 

Fire-Proof  Insulation,  300. 

Firing  Two  Guns  at  Once,  Effect  of,  =538. 

Four-wheeled  Coupled  Tank   Locomotive  on    the 

London  &  Southwestern  Railway,  349. 
French   Railways,  301. 

Gas  Lighting,  Incandescent,  is;8. 

Ga«  Motors,  The  Expense  of  Electric  Lighting  with, 

340. 
Gauge  for   Measuring   Distances    Between    the  In- 

sides  of  Wheel  Flanges,  440. 
Gold  Mining  from  a  River-Bed,  58. 
Gun,  Accles  Machine,  59. 
Gun,  A  New,  56. 
Gunboats,  Contract  for,  43.* 
Gunboats,  Unsafe.  95. 
Gun  Work  Rejected,  392. 

Hand-hole  Cover  for  Boilers,  57. 
Hardness  of  Copper  and  Zinc,  57. 
Hargraves'  Experiments,  S78. 
Harvevized  Armor  Plate,  Trial  of,  349. 
High  Temperatures.  Measuring,  43. 
Holder  for  Tap  in  a  Drill  Press.  440. 
Holland,  Railway  Pension  Fund  of,  246. 


Holloway,  Engineering   Feat  at,  249. 
Heppes  Manufacturing  Co.,  The,  334. 
Hudson  River  Bridge.  The,  302. 
Hungarian   Railway  Ticket 
Hungarian  Zone  System,  The,  139. 

Illuminated  Life  Buov,  24*. 

Illumination,  Brooklyn  Bridge  Car,  488. 

Imperial    Train    for    Foreign    Travel,    The    New 

Russian,  363. 
Incandescent  Gas  Lighting,  158. 
"  Indian  Engineering,"  The.  157. 
India's  Telegraph  Service.  56. 
Insulating  Material,  A  New,  56. 
International  Railway  Congress,  280.  380. 
Iron  and  Steel,  The  Extensibility  of,  441. 
Iron  Bridge,  The  First,  247. 
Italian  Petroleum,  56. 

Japan,  Railroads  in,  159. 
Japanese  Torpedo- Boats,  103. 
Joseph  Dixon  Crucible  Co.,  The,  234. 
Jungfrau,  Projected  Line  up  the,  248. 

""Kearsarge,"  The  Loss  of  the,  103. 
Kites,  Life-Saving,  103. 
Krupp,  The  Large,  156. 

Lewis  &  Hunter's  Coaling  System.  158. 

Life  on  an  Iron  Clad  at  Sea,  53S. 

Lighthouse  Without  an  Attendant,  158. 

Liverpool  Engineering  Society,  139,  188. 

Liverpool  Station  in  London,  197. 

Local  Traffic,  The,  347. 

Locomotives  in   Germany  and   England,   Freight, 

394- 
Locomotive,  Model  of,  159. 
Locomotive   of  the  Richmond  Locomotive  Works, 

Compound,  i$q. 
Locomotive  on    the    London   and    South    Western 

Railway,  Four  Wheeled  Coupled  Tank,  349. 
Locomotives,  German,  197. 
Locomotives   on     the     Northwestern    Railway    of 

Switzerland,  Compound,  538. 
Locomotives,  Use  of  Petroleum  on,  350. 
London  Railway  Station,  A  Peculiar,  246. 
Longest  Railway  Tangent  in  the  World.  ;6. 

Machine  Guns,  Tests  of,  aer. 

Machine  Work  of  the  Bethlehem   Iron  Co..  538. 

Mahogany  Pavements  in  Paris.  301. 

"Maine,"  Official  Trial  of  the  United  States  Bat- 
tleship, 4S8. 

Manganese  in  Manganese  Bronze,  Rapid  Method 
for  the  Determination  of,  160. 

Manure,  Basic  Slag  as,  58. 

Master  Car  &  Locomotive  Painters*  Association, 
42^'. 

Master  Car  Builders'  Association,  281,  379,  471,  567 
nical  Traction  of  Paris  Street  Cars,  4™. 

Meteoric  Photography,  488. 

Microscope,  A  Colossal.  57,  300,  371,  430. 

11  Minneapolis,"  The,  300. 

Mississippi   River  Bridge,  A  New,  156. 

Mitrailleuse.  A  New  Austrian,  247 

Mojave  Desert,  Irrigation  of  the,  56. 

'    MonteroyV  Plate  to  be  Drilled,  The,  300. 

"  Montgomery/'  The  Cruiser,  103. 

"Navarin,"  Russian  Armored  Ship,  247. 

Navy,  Wooden  Ships  in  the,  95. 

Navy  Yard  at  Algiers.  The  New,  539. 

Newark  by  Trolley.  To,  440. 

New  York  Railroad  Club,  189,  472,  566. 

"New  York."   The.  430. 

Non-Shrinking  Timber,  58. 

"  North  America,"  The  Lake  Steamer,  247. 

Northwestern  Railway  Club,  189. 

Oil  Burning  on  the  Austrian'Statc  Railways.  ;-io. 

Oil  Wells,  The  Oldest.  4S8.    " 

"  Olympia,"  The  Cruiser.  103. 

"  Olympia,"  Trial  of  the  Cruiser.  43. 

One-Hundred    Pound    Rail    on    the   Consolidated 

Road,  A,  56. 
Omission,  An,  56. 

Panama  Canal,  The,  491. 

Parrots  as  Station  Callers,  156. 

Patent  Office,  Work  of  the,  489. 

Pension  Fund  of  Holland,  246. 

Pensions  on  the  Prussian  State  Railway,  393. 

Perilous  Ride,  A,  488. 

Petroleum  and  Coal  Tar,  58. 

Petroleum  for  Fuel  in  Buenos  Ayres,  247. 

Petroleum,  Italian,  56. 

Petroleum  on  Locomotives,  Use  of,  350. 

Photographing  Projectiles  in  Transit,  56. 

Pneumatic  Tubes  in  Chicago,  139. 

Poor's  Manual,  335. 

Power,  Cost  of  Transmitting,  247. 

Preservation  of  Wood,  57. 

Priscilla,  The.  371. 

Projectiles  in  Transit,  Photographing,  56. 

Prussian  State  Railway,  Pensions  on  the,  393. 

Pumps  for  the  Navy.  234. 

Punch,  Hand  Boiler,  492. 

Purdue  Laboratory.  Restoration  of,  301. 

Purdue  University  Laboratory,  248. 


Quicksands,  Building  on,  393. 


Railroad,  Light  Experimental,  537. 

Railroad  through  the  Sea,  197. 

Railroads,  Ownership  of,  538. 

Railroads  in  Japan,  159. 

Railway  Accidents  in  Great  Britain,  392. 

Railway  in  the  Holy  Land,  43. 

Railway  Pension  Fund  of  Holland,  246. 

Railway  Station,  A  Peculiar  London,  346. 

Railway  Tangent  in  the  World,  Longest,  56. 

Railway  Wrecks,  Summary  of,  44. 

Rain-making,  New  Process  of,  56. 

Raising  a  60-Ton  Engine,  157. 

Rapid-Fire  Guns  at  Sandy  Hook,  Test  of.  301. 

"  Resolution, "  Damage  to  the,  301. 

Richmond  Locomotive  Works,  Compound  Locomo- 
tive of  the,  159. 

Riehle  Brothers  Testing  Machine  Company,  834. 

Rifles,  New  Army,  401. 

River  Navigation  in  Russia,  364. 

Rolling  Stock  at  the  Antwerp  Exposition,  539. 

Ruslan  on  Locomotives,  430. 

Russian  Armored  Ship  "Navarin,"  247. 

Russian  Battleship,  A  New,  439. 

Russian  Engineering  Notes,  362. 

Russian  Imperial  Train  for  Foreign  Travel,  The 
New/363. 

Schenectady  Locomotive  Works,  The,  134. 

Sea-Coast  Defenses,  43. 

Serve  Tubes,  Tests  of,  491. 

Sewers,  Ventilation  of,  57. 

Sheathing  and  Speed,  489. 

Sheffield  Yelocipede  Car  Company,  The,  234. 

Shingles,  Experiments  with,  57. 

Ships  for  the  Manchester  Canal,  56. 

Ship  Railway  on  the  Columbia  River,  439. 

Siberian  Railroad,  The  New  Terms  of  Construction 

of  the  Great,  363. 
Siberian  Rivers  and  Navigation,  363. 
Signal  Device,  New,  160. 
Six-Camera  Telescope,  430. 
Small  Arm  for  the  Navy,  New,  394. 
Smokeless  Powder,  New,  57,  301. 
Spanish  Cars,  156. 
Spray  in  the  Boiler,  247. 
Standard  Brake  Company,  430. 
Standaid  Time  in  Italy,  40. 
Station,  A  Peculiar  London  Railway,  246. 
Steamer  for  Russian  Prisoners,  A,  362. 
Steam  into  an  Electric  Road,  Conversion  of  a,  138. 
Steam  Pipes,  Cement  for,  57. 
Steel  Castings.  Specifications  for,  301. 
Steel  Plate,  Large,  439. 
Superheated  Steam,  537. 
Susquehanna  Tunnel,  138. 
Swiss  Cable  Railways,  197. 
Swiss  Railways,  351. 

Tank  on  a  Smoke-Stack,  537. 

Tanks,  Experimental  Naval,  300. 

Telephone,  An  Ancient,  249. 

Telephone,  Pocket,  56. 

Telescope  Stand,  A  Universal,  157. 

Temperatures,  Measuring  High.  43. 

Thinnest  Metal  Sheet,  The,  159. 

Ticket  on  the  Belgian  State  Railways,  Novel,  4    . 

Tickets,  Hungarian  Railway,  57. 

Ticket-Selling  on  the  North  London  Railway,  422. 

Timber,  Non-Shrinking,  58. 

Timber  Tests,  138. 

Torpedo-Boat,  Boilers  in  French,  488. 

Torpedo  Boat,  Fast,  56. 

Torpedo  Boats,  Corrosion  of  French,  489. 

Torpedo  Boats,  Foreign,  t38. 

Torpedo   Boats  in  the  Manoeuvres  of   the   British 

Fleet,  The  Failure  of,  492. 
Torpedo  Boats.  The  New,  439,  536. 
Torpedo  Boats,  The  Proper  Color  for,  95, 
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EDITORIAL  NOTES. 


The  electric  headlight  for  locomotives  seems  to  possess  ad- 
vantages above  that  of  merely  giving  the  engineer  a  longer 
range  of  sight,  in  that  the  bright  beam  of  light  is  plainly 
visible  to  those  far  in  advance  of  the  engine.  It  thus  serves 
as  a  warning  of  its  approach  and  may  serve  to  avert  collisions, 
unless  trainmen  become  careless  and,  expecting  it,  delay  send- 
ing back  a  flagman  because  the  electric  headlight  was  not 
seen. 


There  has  been  considerable  criticism  in  marine  circles, 
since  the  loss  of  the  Victoria,  on  the  practice  of  using  lon- 
gitudinal bulkheads.  The  objection  is  based  on  the  ground 
thai,  in  case  of  injury  to  the  plating,  a  side  compartment  may 
fill  and  careen  the  vessel  until  her  stability  is  lost  and  an  over- 
turn be  the  result,  whereas  with  transverse  bulkheads  only,  the 
vessel  would  merely  settle  by  the  head  or  stern.  In  our  own 
construction,  as  exemplified  by  the  JVrif  York,  longitudinal 
bulkheads  are  used  only  along  the  machinery  space. 


It  must  be  exceedingly  gratifying  to  those  who  have  been 
actively  engaged  in  the  development  of  our  naval  and  coast 
defense  armament  to  meet  with  the  success  that  is  attending 
the  trials  of  the  new  mechanisms.  We  were  told  that  we  were 
unable  to  build  ships,  make  armor  or  construct  guns,  yet  now 
we  have  the  fastest  cruiser  in  the  world,  our  armor  plate  has 
resisting  qualities  that  are  unequalled,  and  our  guns  are  the 
peers  of  the  best  in  accuracy  and  carrying  capacity  ;  we  must 
now  bring  our  torpedo  boats  up  to  the  standard  and  speeds 
reached  by  Yarrow,  and  then  we  will  be  up  in  every  point. 
The  submarine  boat  that  will  probably  soon  be  constructed 
has  raised  great  expectations,  which  bear  all  the  signs  of  speedy 
fulfilment. 


There  has  been  a  long  and  loud  shout  of  mingled  applause 
and  astonishment  over  the  success  attained  by  the  electrically 


driven  boat  on  the  Erie  CanaL  Why  there  should  have  been 
any  surprise  surprises  us,  for  of  all  sensible  methods  that 
bear  practicability  upon  their  very  face,  the  electrically  pro- 
pelled canal-boat  takes  the  lead.  These  boats  are  built  solely 
for  carrying  freight :  speed  is  of  a  minor  consideration,  and 
the  usual  dangers  of  navigation  are  lacking.  With  mule  or 
steam  engine  propulsion  four  men,  to  say  nothing  of  the  cook, 
are  required  for  the  crew  of  a  boat  that  is  driven  day  and 
night.  With  electricity  two  men  suffice.  Thus  wages  are 
halved,  and  surely  the  power  should  be  supplied  more  cheaply 
than  small  individual  engines  could  do  it.  So  with  cheaper 
power  and  wages  divided  by  two.  it  would  show  a  pretty 
Siate  of  things  if  the  method  were  not  a  success. 


COMPOUND  ENGINES. 


We  have  before  us  a  circular  and  a  letter  from  Mr.  F.  H. 
Wenham,  of  London,  in  which  he  describes  a  form  of  com- 
pound engine  patented  by  him  30  years  ago.  In  explaining 
his  engine  in  the  circular,  he  states  the  general  theory  on  which 
it  was  constructed,  and,  in  his  letter,  he  theorizes  on  some  of 
the  more  recent  practice  in  the  construction  of  compound 
locomotives.  It  will  not  be  uninteresting  or  unprofitable,  per- 
haps, to  go  back  and  see  what  was  done  then,  and  compare 
the  practice  of  that  lime  with  what  we  are  doing  now. 

In  describing  his  engine,  Mr.  Wenham  says  that  good  econo- 
my has  resulted  from  the  use  of  high  pressure — steam  worked 
expansively  before  condensation  ;  but  it  is  well  known  thai  in 
a  simple  engine  expansion  can  only  be  carried  to  a  limited  ex- 
tent with  advantage,  as  the  practical  effect  is  far  below  the 
theoretical  value  :  this  arises  from  diminished  volume  by  loss 
of  heat  in  expanding.  The  cooling  by  radiation  may  be  pre- 
vented by  steam-jackets  or  heating  the  cylinders  above  the 
steam  temperature.  But  steam,  in  common  with  all  gases,  by 
the  mere  act  of  expansion  falls  in  temperature  with  a  loss  of 
volume,  and  its  whole  bulk  is  instantly  filled  with  aqueous 
particles  which  are  thrown  down  as  water. 

The  object  of  Mr.  Wenham"s  improvements  was,  he  said, 
':  to  maintain  the  full  volume  by  conveying  heat  into  the  body 
of  steam  during  expansion  by  the  adaptation  of  heating-cham- 
bers through  which  the  exhausted  steam  passed  in  its  way  from 
the  small  to  the  large  cylinders.  These  chambers  may  either 
be  heated  by  waste  heat  from  the  chimney,  by  a  separate  fire, 
or  by  means  of  superheated  steam." 

The  following  is  an  illustration  of  one  of  his  inverted  three- 
cylinder  engines  suitable  for  screw  propulsion,  which  he  de- 
scribed as  follows  : 


"O 

'  ! 

i  r 

"  B  am  is  led  direct  from  the  boiler  into  the  first  cylinder  .4 
through  the  pipe  a.  The  exhaust  steam  returns  by  the  pipe  b 
into  a  heating-chamber  (not  shown  in  the  engraving)  placed 
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below  the  chimney,  or  heated  by  ;j  separate  fire  ;  the  steam  was. 
thereon  raised  to  a  very  high  temperature,  but  before  enter- 
ing the  second  cylinder  it  gave  up  a  ]»>rt i< .n  of  its  surplus  heal 

to  the  steiim  on  Its  way  from  I  lie  see.  mil  cylinder  /.'to  the  third 

one  0,  as  follows  :  the  highly  superheated  steam  from  the  first 
cylinder  .1  is  returned  by  the  pipe  G  G' through  a  set  of  tubes 
in  the  heating-chamber  5.  The  exhaust  steam  from  the  sec 
ond  cylinder // passes  into  this  chamber  by  the  pipe  e  and  is 

then  exposed  tO  the  exterior  of  the  tubes,  and  is  thereby  heat 
ed  in  its  passage  to  the  third  cylinder  (',  to  which  it  is  con- 
veyed by  the  pipe;/,  and  from  which  it  is  finally  condensed  by 

a  surface  condenser.  The  Utter-heater  for  the  third  cylinder  is 
thus  brought  close  to  its  work,  is  not  liable  to  injury  from  ex- 
cess of  heat,  and  avoids  the  necessity  of  having  two  heaters. 

In  the  same  circular  Mr.  Wenham  illustrates  a  two-cylinder 
non-condensing  portable  engine,  the  inter-heater  of  which  is 
placed  inside  of  the  smoke-box,  and  consists  of  a  cylindrical- 
shaped  vessel  with  tubes  extending  through  it  parallel  with  its 
axis.  The  exhaust  steam  is  conducted  to  this  heating-cham- 
ber in  the  smoke-box,  where  it  is  reheated,  and  is  thus  increased 
iu  volume,  and  is  then  conveyed  to  the  large  cylinder,  where  it 
is  expanded  the  second  time. 

In  view  of  the  great  amount  of  ingenuity  which  has  been 
exercised  in  the  design  of  compound  locomotives  of  late  years, 
it  will  be  Interesting  to  compare  what  has  been  done  since  Mr. 
Wenham  patented  his  engine  and  exhibited  it  and  received  a 
medal  from  the  great  Exhibition  of  1862,  when,  he  says, 
"  every  one  was  Beared  at  the  boiler  pressure— from  150  to  200 
lbs.  per  square  inch — that  he  deemed  necessary.'' 

When  steam  expands  in  a  cylinder  and  does  work  by  act- 
ing against  a  moving  piston  it  loses  heat  ;  the  loss  of  heat, 
too,  is  in  proportion  to  the  work  done.  If  wc  had  a  vertical 
cylinder — say  100  in.  in  diameter — and  a  quantity  6f  steam 
of,  say,  200  lbs.  pressure  and  of  888  temperature,  sufficient 
to  till  the  cylinder  one-quarter  full,  was  permitted  to  Bow  free- 
ly into  and  expand  into  the  whole  volume  of  this  cylinder  so 
as  to  fill  it  full,  and  then  was  no  loss  of  heat  by  conduction  or 
radiation,  the  final  pressure  would  be,  roughly  stated,  .10  lbs.,  and 

its  temperature  would  be  298  .     Let  it  be  supposed  that  thercis 

a  piston  in  the  cylinder  and  that  it  is  loaded  with  a  Weight  of 
200  tons,  and  that  when  the  steam  Hows  into  the  cylinder  it 
must  raise  the  piston  and  its  load,  and  that  when  the  cylinder 
is  one-quarter  full  the  Bupplj  of  steam  is  cut  off  and  it  is  then 
allowed  to  expand,  and  will  thus  continue  to  raise  the  loaded 
piston  to  the  end  of  its  stroke,  or  as  far  as  the  reduced  pressure 
of  the  steam  will  permit  ;  it  would  then  be  found  that  there 
was  a  greater  loss  of  heat  when  the  steam  was  doing  this  work 
than  there  was  when  it  expanded  in  the  cylinder  without  rais- 
ing a  weight.  We  will  not  now  go  into  the  question  of  how 
much  heat  would  be  lost  as  a  consequence  of  raising  the  load  ; 
all  that  it  is  intended  to  make  plain  here  is  that  in  doing  this 
some  of  the  heat  of  the  Steam  disappears  and  is  lost,  and  is  in 
reality  converted  into  work.  Now,  what  occurs  in  a  com- 
pound engine;     The  steam    is  admitted  into  the  high-presSUM 

cylinder,  and  by  its  expansive  action  pushes  the  piston  before 

it  against  the  resistance  of  the  engine.      In  doing  this  the  steam 

loses  heat,  which  is  transformed  into  work,  and,  consequently, 
partial  condensation  occurs  in  the  cylinder  unless  the  steam 

admitted  contains  a  surplus  of  heat,  oris  superheated,  as  it  is 
termed.  As  we  are  engaged  in  an  elementary  elucidation,  this 
may  be  explained.  To  do  this,  let  it  be  supposed  that  steam 
Of  200  lbs,  pressure  (above  the  atmosphere!  is  admitted  to  the 

high  pressure  cylinder.  The  temperature  of  this  steam,  if  it 
wen-  saturated— thai  is,  if  it  were  generated  in  contact  with 
water — would  be  about  :;>sS  .  Now,  as  sooe  at  the  steam  loses 
any  of  this  beat  its  pressure  will  fall— that  is,  as  soon  as  it 
exerts  a  pressure  on  the  piston  some  of  its  heat  is  converted 
into  work  ;  or,  if  heat  is  lost  by  conduction  or  radiation,  the 
pressure  of  the  steam  will  also  fall.  To  provide  for  this  loss, 
before  steam  is  admitted  to  the  cylinder  it  is  sometimes  super- 
heated—that  is,  it  is  heated  without  being  in  contact  with 
water— to  a   temperature  higher  than   :iss  .     The  steam  may, 


therefore  lose  this  surplus  beat  without  being  ve,ry  materially 
lowered  in  pressure.  But  there  are  some  serious  practical  ob- 
jections in  working  steam  of  such  high  temperature,  growing 

out  of  the  difficulty  of  keeping  the  inside  surfaces  of  the  cylin- 
ders, the  piston-rod  and  valves  lubricated.  For  this  reason 
superheating  has  never  been  very  generally  adopted. 

It  would,  however,  seem  as  though  the  method  adopted  by 
Mr.  Wenham,  of  reheating  the  steam  after  it  had  done  its 
work  m  the  high-pressure  cylinder,  and  after  its  temperature 
and  pressure  are  reduced,  was  not  open  to  the  objections  to 
superheating  very  high-pressure  steam. 

Mr.  Wenham  in  his  letter,  to  which  we  have  referred,  says  : 
Mr.  Lancaster,  of  the  Kirkler's  Hall  Coal  it  Iron  Works, 
for  the  purpose  of  testing  this  system  thoroughly  ran  his 
steam  from  the  high-pressure  cylinders  into  an  inter  heater 
consisting  of  another  boiler,  with  a  separate  tire  :  he  informed 
me  that  the  increase  in  power  and  corresponding  economy  of 
fuel  was  most  remarkable  when  this  second  fire  was  alight. 
Unfortunately  Mr.  Lancaster  died  without  recording  the  par- 
ticulars of  his  experiments. 

In  discussing  the  advantage  of  inter-heaters,  Mr.  Wenham 
says  further  : 

If  the  steam  from  the  first  cylinder  is  expanded  through  a 
cold  chamber  in  its  passage  to  the  second  cylinder,  or  from 
that  to  the  third,  the  result  will  be  a  positive  loss,  as  the  inter- 
mediate receivers  will  partly  act  as  condensers,  and  if  set 
under  the  exhaust  will  speedily  become  choked  with  water. 
This  has  been  partly  prevented  by  enclosing  the  inter-chamber 
with  a  steam-jacket  ;  but  this  again  affords  no  economy  in 
the  ultimate  result,  as  we  must  still  have  external  condensa- 
tion. The  steam-jacket  of  a  working  cylinder  prevents  inter- 
nal condensation,  caused  by  the  fall  of  temperature  by  expan- 
sion from  a  high  pressure  to  that  below  the  atmosphere,  and 
the  consequent  loss  from  alternate  heating  and  cooling  of  the 
surface.  In  the  inter-heaters  of  compound  engines  the  pressure 
should  be  obtained  as  uniform  as  possible  by  giving  as  large  a 
capacity  as  practicable.  As  to  the  capacity  of  the  heating 
chambers,  the  rough  rule  may  be  taken— make  them  as  large 
as  circumstances  will  allow  ;  and  much  the  same  principle  will 
apply  to  the  heating  surface.  If  this  is  small,  the  effect  is 
scarcely  appreciable,  and  water  constantly  settles  in  the  bot- 
tom, showing  that  there  is  no  increase  of  volume  such  as  is 
derived  from  steam  thoroughly  dried. 

Inter-heaters  constructed  with  straight  tubes,  with  the  ends 
expanded  into  the  tube  plates  in  the  usual  way,  have  been  found 
to  be  very  troublesome  from  leakage,  as  dry  steam  is  ineffec- 
tive in  preventing  differences  of  temperature  in  the  parts. 
Consequently  sunn  tubes  net  hotter  than  others,  causing  the 
joints  to  leak.  If  an  entire  tubular  arrangement,  is  used,  the 
tubes  should  have  a  considerable  curvature,  as  a  horse  shoe 
shape,  or  coil,  or,  preferably,  the  tubes  should  be  attached  at 
one  end  only,  as  in  a  Field  boiler,  the  steam  passing  down  to 
the  bottom  through  light  inner  conducting  tubes,  or  outside  of 
these  and  up  in  the  interior. 

The  designers  of  compound  locomotives  do  not  seem  to  have 
availed  themselves  of  the  advantages  of  inter-heating  the 
steam  to  the  extent  which  is  possible.  In  the  new  edition  of 
Wood's  book  on  Compound  Locomotives  it  is  said  that  "  tin- 
drop  of  pressure  into  the  receiver  represents  an  actual  loss  of 
efficiency,  since  it  occurs  by  the  expansion  of  the  steam  with- 
out doing  useful  work." 

The  authors  of  this  excellent  book  seem  to  be  a  little  uncer- 
tain of  their  ground  in  discussing  this  subject.  In  one  place 
(page  04)  it  is  said  : 

Superheating  in  the  receiver  of  a  compound  locomotive  is 
practically  impossible  unless  the  smoke  box  temperature  is 
above  what  it  should  be  for  good  economy  in  the  boiler,  for 
tin  reason  that  the  steam  passes  through  the  receiver  when 
the  engine  is  at  speed  at  a  rate  that  would  make  it  impossible 
to  col!  Ii  heat  to  re-evaporate  all  of  the  moisture  in  the 

steam,  much  less  to  cause  a  superheat It  is  true  that 

1  In  temperature  of  the  smoke  box  is  about  OOO  .  quite  sufficient 
to  produce  a  substantial  superheat,  if  the  steam  remained  in 
the  receiver  long  enough  to  permit  it  ;  but  at  200  revolutions 
per  minute,  which  is  an  ordinary  velocity  for  a  locomotive, 
there  are  Ion  exhausts  into  the  receiver  per  minute.  If  the  re- 
ceiver is  about  twice  the  volume  of  the  low-pressure  cylinder 
up  to  cut  oil,  then  each  cubic  foot  of  steam  remains  in  the  re- 
ceiver about  J,„  part  of  a  minute,  or  about  i  of  a  second,  a 
much  too  short  a  time  to  permit  of  superheat. 
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The  latter  statement  seems  to  be  only  an  assumption.  We 
might  argue  in  the  same  way  about  the  action  of  the  hot  gases 
in  the  flues  of  the  boiler.  The  rapidity  of  the  movement  of 
the  gases  in  the  tubes  is  so  great  that  their  period  of  contact 
with  any  given  surface  it  might  be  said  is  infinitely  short,  and 
yet  in  that  period  they  do  transmit  their  heat  to  the  water  out- 
side. If  the  steam  remains  in  the  receiver  too  short  a  time  to 
absorb  heat,  the  obvious  remedy  is  to  increase  the  size  of  the 
receiver  or  its  heating  surface.  Doubtless  if  a  current  of 
steam  flows  so  as  to  impinge  against  a  hot  surface  of  metal,  it 
will  always  absorb  a  very  considerable  amount  of  heat,  no 
matter  how  short  the  period  of  contact  is.  Doubtless,  too,  the 
larger  the  heating  surface  in  proportion  to  the  volume  of  steam, 
the  greater  will  be  the  amount  of  heat  which  will  be  absorbed, 

On  page  82  of  the  book  from  which  we  have  quoted,  it  is 
said  : 

Smoke-bos  temperatures  vary  from  400  to  1,200°,  according 
to  the  forcing  of  the  engine  and  the  length  of  the  tubes.  Re- 
cently there  has  been  a  decrease  in  smoke-box  temperatures, 
with  new  designs  of  locomotives,  resulting  from  the  use  of 
larger  fireboxes  and  longer  tubes,  and  it  is  probable  that 
smoke-boxes  will  be  run  at  a  lower  temperature  in  the  future 
than  they  now  are  ;  but  in  no  case  will  they  reach  so  low  a  tem- 
perature as  to  remove  all  value  for  the  purpose  of  re-evaporat- 
ing moisture  in  the  steam  in  the  receiver  of  two-cylinder  re- 
ceiver compound  locomotives. 

Again  it  is  said  on  page  276  : 

The  amount  of  reheating  in  the  receiver  will  vary  with  the 
temperature  of  the  smoke-box  and  the  speed  of  the  engine. 
By  using  a  large  copper  receiver  with  a  volume  not  less  than 
three  times  that  of  the  high-pressure  cylinder,  such  re  heating 
as  it  is  practicable  to  gain  may  be  had.  As  the  reheating  in 
the  receiver  is  done  by  the  waste  heat  in  the  furnace  gases,  all 
the  re-heating  Chat  takes  place  is  clear  gain,  and  in  I  his  way 
it  differs  from  reheating  by  boiler  steam. 

Mr.  Dean,  in  designing  the  Old  Colony  compound  engine, 
seems  to  have  availed  himself  of  the  advantage  of  re-heating 
the  steam  to  a  greater  degree  than  any  other  designers  have 
thus  far  done.  It  seems  as  though  there  was  here  a  much- 
neglected  means  of  economy.  If  the  only  difficulty  is  in  get- 
ting a  re-heater  large  enough,  then  it  would  seem  as  though  it 
might  be  worth  while  to  alter  materially  the  shape  and  dimen- 
sions of  the  smoke-boxes  to  get  room  for  a  re-heater  of  suffi- 
cient capacity.  If  compound  locomotives  come  into  general 
service  in  some  places  and  for  some  kind  of  traffic — and  they 
probably  will — re-heaters  would  seem  to  have  a  very  important 
function  to  perform  in  increasing  the  economy  of  the  engine 
and  in  reducing  the  fuel  consumption. 


THE  SECRETARYSHIP  OF  THE  AMERICAN  SO- 
CIETY OF  CIVIL  ENGINEERS. 


The  annual  election  for  officers  of  this  Society  will,  accord- 
ing to  custom  and  the  provisions  of  its  constitution,  be  held 
this  month.  Among  the  elective  officers  of  the  Society  is  the 
Secretary.  A  comfortable  salary  is  attached  to  this  office, 
and  the  position  gives  the  incumbent  more  or  less  distinction 
and  consideration.  The  result  is  that  periodically  the  Society 
is  thrown  into  a  sort  of  electioneering  paroxysm  by  different 
candidates  for  the  position  and  their  friends.  At  present  the 
exacerbation  is  very  severe,  judging  from  the  number  of  cir- 
culars issued  and  the  tense  state  of  mind  which  some  of  the 
members  appear  to  be  in  when  the  subject  of  the  coming  elec- 
tion is  mentioned.  There  are  two  rival  candidates  in  the  field, 
one  the  present  Secretary  and  his  assistant.  With  reference 
to  the  merits  of  the  contest,  or  rather  the  contestants,  we  do 
not  propose  to  have  anything  to  say,  excepting  that  a  change 
in  the  incumbent  of  the  office  seems  to  be  very  ill  advised, 
unless  there  is  some  adequate  reason  for  it. 

But  it  may  be  said  that  this  sort  of  Kilkenny  light,  coining 
on  periodically,  is,  to  say  the  least,  unseemly,  and  is  another 
illustration  of  what  seems  to  be  a  characteristic  of  civil  engi- 


neers— that  is,  an  inability  to  agree  or  co-operate  with  each 
other.  It  nearly  always  happens  when  any  line  of  action  is 
proposed  in  this  Society  that  there  is  at  once  a  declaration  of 
waf;  and  the  membership  divides  not  only  into  two  parties, 
but  at  times  into  half  a  dozen,  and,  figuratively  speaking, 
they  dismember  the  tripods  of  their  levels  and  brandish  the 
separate  legs,  like  shillalahs,  over  the  heads  of  each  other. 

Speaking  dynamically,  this  is  a  great  waste  of  energy,  which, 
instead  of  being  employed  in  useful  work,  develops  into  scan- 
dal. Xoiv  what  is  the  cure?  Obriously,  the  evil  is  the  con- 
sequence of  the  Secretaryship  being  an  elective  office.  The 
periodic  feline  contests  precede  or  accompany  the  election, 
Do  away  with  the  election,  and  the  occasion  of  the  general 
row  will  also  be  abolished. 

Iu  other  words,  the  evil  would  be  cured  by  making  the  Sec- 
retary an  appointee  of  the  Board  of  Directors  instead  of  an 
elective  officer.  This  is  now  the  case  in  the  American  Societ_y 
of  Mechanical  Engineers,  and  also  in  the  Master  Car- Builders' 
Association.  It  sounds  like  a  bull  to  speak  of  the  belligerent 
members  of  the  Society  of  Civil  Engineers,  but  the  expression 
describes  an  existing  fact.  For  their  benefit  we  reprint  the 
following  extract  from  the  constitution  of  the  latter  Associa- 
tion.    That  instrument  provides  that  : 

"  A  Secretary,  who  may  or  may  not  be  a  member  of  the  Asso- 
ciation, shall  be  appointed  by  a  majority  of  the  Executive 
Committee  at  its  first  meeting  after  tiie  aunual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of 
the  Executive  Committee  can  be  secured  for  a  candidate. 
The  term  of  office  of  the  Secretary  thus  appointed,  unless  ter- 
minated sooner,  shall  cease  at  the  first  meeting,  after  the  next 
annual  election  succeeding  his  appointment,  of  the  Executive 
Committee  organized  for  the  transaction  of  business.  Two- 
thirds  of  the  members  of  the  Executive  Committee  shall,  how- 
ever, have  power  to  remove  the  Secretary  at  any  time.  Kis 
compensation,  if  any,  shall  be  fixed  for  the  time  that  he  holds 
office  by  a  vote  of  a  majority  of  the  Executive  Committee. 
He  shall  also  act  as  Secretary  of  the  Executive  Committee." 

It  will  lie  seen  that  this  provision  makes  the  Secretary  the 
servant  of  the  Executive  Committee,  as  he  should  be.  They 
are  responsible  for  the  conduct  of  the  Association,  and  should 
have  entire  control  over  the  Secretary  and  his  action,  and  have 
the  power  of  appointing  and  removing  him.  At  present  the 
Secretary  of  the  Society  of  Civil  Engineers  is  elected  in  the 
same  way  as  the  members  of  the  Board  of  Directors  and  other 
officers  are,  and  he  has,  consequently,  co-ordinate  power  and, 
to  some  extent  at  least,  is  beyond  their  control.  His  position 
should  be  one  which  would  compel  him  to  do  the  bidding  of 
the  Board.  The  members  of  it  generally  are  the  only  persons 
in  the  Society  who  really  know  whether  his  duties  are  satis- 
factorily an  I  efficiently  performed.  A  membership  scattered 
over  thousands  of  miles  cannot,  in  the  nature  of  things,  know 
how  the  daily  routine  in  the  office  on  Twenty  third  Street, 
New  York,  is  performed,  as  well  as  the  members  of  the  Board 
of  Directors,  who  are  frequent  visitors,  ami  who  are,  or  should 
be,  intimately  acquainted  witli  the  business  of  the  Society. 

It  will  also  be  noticed  that,  in  the  provision  quoted  above, 
that  the  Secretary  "may  or  may  not  be  a  member  of  the 
Association."  This  was  incorporated  in  it  for  the  reason  that 
it  was  thought  that  at  times  it  might  be  possible  to  find  a  bet- 
ter Secretary  outside  of  the  Association  than  could  be  found 
iu  it.  It  is  said  that  Mr.  Forrest,  the  well-known  Secretary 
of  the  Institution  of  Civil  Engineers,  and  perhaps  the  most 
efficient  person  iu  such  a  capacity  that  could  be  named,  was 
not  a  member  of  the  Institution  when  he  was  appointed.  It 
seems  like  folly  to  select  a  man  in  the  Society  for  the  position 
who  would  be  less  efficient  than  some  other  person  outside 
of  it. 

It  is  also  true  that  a  Board  of  Directors,  who  have  assumed 
tin'  responsibility  for  the  conduct  of  the  Society,  will  be  more 
likely  to  select  a  competent  person  to  perform  the  executive 
duties  of  the  Secretaryship  than  a  caucus  will,  composed  of 
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members  with  less  knowledge  of  the  requirements  of  the  office 
and  no  responsibility  for  the  conduct  of  affairs. 

The  provision  of  the  constitution  of  the  Car-Builder-'  Asso- 
ciation was  adopted  in  1S72,  and  since  then  there  has  been  but 
one  change  in  the  Secretaryship,  due  to  the  resignation  of  the 
first  iocumlieut.  The  change  was  made  quietly  by  the  Board 
of  Directors,  and  without  the  knowledge  of  the  rest  of  the 
ty,  no  electioneering,  log-rolling,  nor  publication  of  in- 
flammatory circulars,  of  which  the  members  of  the  Civil  Engi- 
neers' Society  now  receive  so  many.  A  new  incumbent  was 
appointed  at  the  same  meeting  at  which  the  resignation  of  his 
predecessor  was  received,  and  the  new  appointee  has  held  the 
office  since  1889. 

Another  contingency  is  provided  for  in  the  constitution  of 
the  Car-Builders'  and  Mechanical  Engineers'  Association — 
that  is,  that  the  term  oi  office  ceases  "  at  the  first  meeting  after 
the  next  annual  election  succeeding  his  appointment."  The 
object  of  this  provision  is  to  guard  against  a  continuance  of  an 
incumbent  of  the  office  when  there  are  reasons  for  a  change, 
merely  because  no  one  is  willing  to  assume  the  responsibility 
of  a  removal.  By  the  provisions  referred  to  the  Secretary's 
appointment  ends  when  a  quorum  of  the  newly  elected  Board 
meets.  This  provision  also  minimizes  the  chances  of  scheming 
for  the  office,  because  it  is  not  known  until  after  the  general 
election  of  the  Association  who  will  compose  the  new  Board. 

By  adopting  a  provision  similar  to  that  under  which  the 
Mechanical  Engineers  and  Car-Builders  have  been  working  for 
ten  years  or  more,  without  a  single  stormy  election— to  which 
the  Civil  Engineers  are  from  time  to  time  subject — the  latter 
might  avoid  undignified  brawls  like  the  one  which  is  now  on. 


NEW   PUBLICATIONS. 


The  publishers  of  The  Ruiltcay  Mutsr  IfecJtanit  announce 
that  beginning  with  January,  1894.  the  name  of  that  paper 
will  be  changed  to  R  igineering  and  M  We 

invoke  for  our  contemporary,  under  its  new  name,  the  favor 
of  the  goddess  of  good  luck,  and  that  its  career  may  be  more 
prosperous  than  that  of  most  technical  newspapers  promises 
to  be  in  the  immediate  future. 


Goldthwaite's  Geographical  Magazine  for  Julv  to  Sep- 
tember, which  is  published  at  79  Nassau  Street,  New  York. 
reaches  us  with  an  announcement  that,  owing  to  annovances 
unavoidable,  caused  by  labor  troubles  and  the  panicky  condition 
nf  the  times,  there  have  been  delays  in  getting  out  this  pu 
tion,  but  that,  beginning  with  januarv,  1894,  it  will  aj 
regularly. 

Handbook  op    Information    of    the   Rensselaer   Poly- 
technic Institute.  Troy,  N.  Y.     24  pp.,  9  X  6  in. 

This  is  a  pamphlet  l>eginning  with  a  brief  history  of  the 
school,  followed  by  a  description  of  its  location,  grounds, 
buildings,  and  courses  of  instruction.  It  is  illustrated  with 
engravings  of  exterior  and  interior  views  of  the  build 
and,  we  were  about  to  write,  of  the  students,  but  mil 
nately  only  exterior  views  of  these  hare  thus  far  been  found 
to  be  practicable.     The  purpose  of  the  pamphlet  is  obvious. 


Imperial  University  of  Japan  (Tcikoku  Daigaku).      The 
Calendar    for    the     Year    XXY-XXVI    M-iji     1- 
Tokyo  :  Published  by  the  University.     203  pp.,  ~'t  X  5±  in. 

Like  most  other  similar  publications,  this  begins  with  a  histori- 
cal summary  of  the  University.  The  next  chapter  gives  the 
General  Regulations  for  the  Colleges,  which  is  succeeded  with  a 
description  of  the  courses  of  study  which  mav  be  pur- 
An  appendix  contains  a  statement  of  the  condition  of  the  Uni- 
versity during  the  year  and  of  the  plans  for  the  next,  and  ends 
with  several  large  folded  maps  showing'  the  location  of  the 
grounds  and  buildings.  All  in  all.  college  calendars  or  cata- 
logues in  Japan  are  not  very  unlike  those  here,  excepting  that 
the  former  contain  more  unpronounceable  names  and  words 
than  ours  do. 


A  Field  Boos  For  Civil  Engineers.     By  Daniel  Carhart, 
C.E.     281  pp..  7  X  4  in.     Boston  :  Ginn'A  (0. 

This  lx>ok,  the  Air  is  written  for  students  of  civil 

engineering,  and  to  satisfy  a  demand,  often  expressed  by  field 
engineers,  Tor  a  manual  convenient  in  size,  containing  the  de- 
sired information,  systematically  arranged,  fully  illustrated, 
and  easy  of  referenci . 

The  various  chapters  treat  of  Reconnoissance,  Preliminary 
Survey,  Simple  Curves,  Compound  Curves.  Miscellaneous 
Problems,  Construction.  Frogs  and  Switches.  These  chapters 
are  succeeded  by  the  usual  tables  found  in  such  books. 

It  is  of  convenient  size,  bound  with  a  Hap,  and  is  clearly 
simply  written. 


The  Transition  Cirve.  by  Offsets  and  by  Deflection  Angles. 
By  C.  L.  Crandall,  C.E.  *  «4~pp.,  6i  X  4i  in".  New  York  : 
John  Wiley  A'  Sons. 

This  little  book  is  divided  into  two  parts,  in  which  the  The- 
ory and  the  Practice  of  Laying  out  Transition  Curves  for  rail- 
roads is  discussed.  It  contains  a  good  deal  of  tough-looking 
mathematics,  and  the  casual  reader  wonders  whether  it  is  all 
needed  for  the  elucidation  of  the  subject,  and  also  how  the 
late  Mr.  Trautwine  would  have  treated  the  subject  had  he 
written  a  book  on  it  in  his  admirably  clear  style. 

The  Authcr  says  his  book  is  "  primarily  intended  for  the  use 
of  civjl  engineering  students.  It  is  believed  that  the  com- 
plete set  of  tables  given  will  render  the  methods  at  least  as 
rapid  and  convenient  in  actual  use  in  the  field  as  the  more 
restricted  or  approximate  ones  now  in  use." 


The  Mechanics  of  Hoisting   Machinery,  including  Acru- 

'  >rs.   Excavators,  and  Pile-Drivers.      By  Dr.  Julius 

W(  isbach  and  Professor  Gustav  Herrmann.      Translated 

by  Karl  P.  Dahlstrom,  M.E.     329  pp.,  oj  X  9  in.     Mao 

millan  A  Co.,  London  and  Xew  York. 

This  is  a  translation  of  the  section  on  Hoisting  Machinery, 
made  from  Professor  Herrmann's  revised  edition  of  Weisbach's 
great  work  on  Engineering  Mechanics.  The  engravings  are 
apparently  made  from  the  original  wood-cuts,  and  are  of  the 
usual  excellent  sule  characteristic  of  German  technical  litera- 
ture. The  different  chapters  treat  of  Levers  and  Jacks  ; 
Tackle  and  Differentia]  Blocks  ;  Windlasses,  Winches,  and 
Lift-  :  Hydraulic  Hoists,  Accumulators,  and  Pneumatic 
Hoists  ;  Hoisting  Machinery  for  Mines  ;  Cranes  and  Sheers  ; 
Excavators  an  i  Lire-dues  and  Pile-Drivers.  All  the  problems 
in  the  book  are  treated  with  what  seems  to  be  an  excessive 
amount  of  mathematics,  with  Greek  notation  often  printed  in 
the-  smallest  and  most  confusing  type.  The  book  is  admirably 
printed  on  good  paper,  but  will  be  useful  only  to  those  who 
are  well  up  in  mathematics. 


Addresses  Delivered  before  the  World's  Railway  I 
mebce  Congress  igo,  III.,  June  19-2:; 

under  the  auspia  mbian  Auxiliary  erf  the 

umbian  Exposition.     Official  Report.     265  pp., 
'i  in.     Chicago  :  The  Railway  Age  and  Northwestern 
Railroader. 

The  title  of  this  volume  indicates  its  general  character. 
That  of  the  separate  addresses  and  their  subjects  is  not  so 
;o  describe.  The  subjects  are  grouped  under  five  gen- 
eral heads  :  1.  Opening  Addresses  ;  2,  Railway  Law  and  Leg- 
islation ;  3,  Railway  Management  and  Operation  ;  4,  Railway 
Employes  :  and  •">.  Railway  History  and  Development.  As 
there  were  ;!.">  different  addresses  and  papers,  we  have  not  room 
for  their  titles  and  the  names  of  their  authors  even,  much  less 
can  we  convey  any  sort  of  idea  of  the  general  character  of  the 
addresses,  which  range  all  the  way  from  the  Constitutional 
Guarantees  of  Railway  Properties  and  Franchises  against  Leg- 
islative Spoliation  to  discussions  of  the  merits  of  Safety  Appli- 
ances and  Methods  of  Heating  and  Lighting  Cars.  Candor 
compels  us  to  say  that  the  book  is  somewhat  dreary.  Many 
of  the  papers  have  distinctly  the  character  of  "  compositions," 
written  to  order  or  by  request,  and  not  because  the  authors 
had  anything  of  special  value  to  say.  Not  a  few  of  the  ad- 
subjects  on  which  the  authors  were  not  experts, 
and  there  are  unmistakable  indications  of  what  is  called  "  col- 
of  them.  An  invitation  to  read  a  paper  at  a 
Wor.  -s  is  hard  to  resist,  hence  the  size  of  this  vol- 

ume.    It  is,  of  course,  true  and  reasonable  that  when  so  many 
distinguished  ;  asked  to  take  part  in  a  conference 

of  this  kind,  that  much  that  is  interesting  and  valuable  will 
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be  evolved  ;  but  a  few  of  the  addresses  before  us,  like  the 
stocks  of  some  railroad  companies,  are  overmuch  diluted.  As 
the  book  contains  over  150,000  words,  it  is  filling,  but  not  al- 
ways satisfying. 


The  Fikst  Steam  Scuew  Propeller  Boats  to  Navigate 
the  Waters  of  any  Country.  By  Francis  B.  Stevens. 
From  the  Hoboken  Ferry  Company,  Hoboken,  N.  J.  30 
pp.,  94  X6jin. 

This  pamphlet  is  a  reprint  from  the  Stevens  Indicator,  and 
describes  the  experiments  and  actual  performance  of  Colonel 
.lolin  Stevens  in  applying  a  screw  propeller  and  steam  power 
to  navigation  on  the  Hudson  River  from  1802  to  1806.  Inci- 
dentally a  historical  sketch  is  also  given  describing  what  had 
been  done  in  this  direction  previous  to  that  date.  The  pam- 
phlet contains  a  number  of  very  excellent  engravings,  made 
from  photographs  showing  the  engine,  boiler,  and  propellers 
which  Colonel  Stevens  constructed  at  Hoboken  in  1804  and 
applied  to  a  boat  at  that  time.  The  boat  has  been  twice  recon- 
structed ;  the  third  one  was  sent  to  the  Columbian  Exhibition. 
The  engravings  show  several  different  views  of  the  engine  sepa- 
rate from  and  several  in  its  position  in  the  boat.  Besides  de- 
scribing what  Colonel  Stevens  did,  the  historical  sketch  con 
tains  much  of  interest  relating  to  the  achievements  of  other 
inventors.  It  is  from  sketches  like  this  that  the  history  of  the 
future  must  be  made. 


Poor's  Directory  of  Railway  Officials.  Eighth  Annual 
Number,  1893,  Containing  Lists  of  the  Officers  of  all  Hallways 
in  North  America  and  of  the  Leading  Organizations  Auxil- 
iary to  the  Railway  System  ;  Lists  of  Officers  of  South  Ameri- 
can and  Hawaiian  Railways,   etc.  -  511   pp.,   8J-  X   5J  in. 

.  Compiled  from  official  information.  Poor's  Railroad  Man- 
ual, 70  Wall  Street,  New  York. 

We  are  somewhat  late  in  noticing  this  volume,  and  owing 
to  the  large  number  of  books  sent  us  for  review,  cannot  atone 
for  the  lateness  of  our  notice  by  fully  describing  the  merits  of 
this  number.  It  lias  grown,  of  course,  in  somewhat  the  same 
or  greater  proportion  than  our  railroad  system  has.  It  is  re- 
plete with  information,  of  which  it  may,  however,  be  said,  as 
the  Caledonian  did  of  Johnson's  Dictionary,  "  It  is  interesting 
reading,  but  a  little  hard  to  remember."  In  the  circular  ac- 
companying the  volume  it  is  said  that  "  a  new  feature  now  first 
introduced  into  this  book  is  a  classified  index  to  the  leading 
manufacturers  of  railway  appliances,  which  is  the  most  com 
plete  and  comprehensive  buyers'  guide  ever  compiled  for  the 
use  of  railway  officials.  In  this  guide  we  have  indexed  you 
under  numerous  headings  appropriate  to  your  business,  de- 
tails of  which  we  will  furnish  you  on  application."  True  to 
their  promise,  the  publishers  have  indexed  "  us"  under  the 
appropriate  title,  and  doubtless  many  of  our  readers  will  find 
that  they  are  similarly  favored. 


The  Corliss  Engine,  by  John  T.  llenthorn,  and  Its  Man- 
agement, by  Charles  I).  Thurber.  Edited  by  Egbert  P. 
Watson.     Third  Edition,  enlarged.     90  pp.,  6  X  4f  in. 

As  will  be  seen  from  the  above  transcript  from  its  title-page, 
this  book  has  a  sort  of  composite  authorship.  Some  of  the 
language  in  it  also  has  a  "  composite"  character,  as  will  be 
seen  from  the  following  extract  : 

The  gradual  development  and  appreciation  of  the  Corliss  system  during 
the  past  3ti  years  has  grown  to  such  proportions  as  to  trace  this  Cor- 
liss principle  in  the  design  and  build  of  a  large  proportion  of  the  engines 
used  in  our  manufacturing  industries  in  this  and  foreign  countries,  and  I 
may  say  that  its  use  for  maritime  purposes  is  better  appreciated  to-day, 
and  will  be  still  better  in  years  to  come,  by  the  few  years  of  experience  that 
it  has  been  subjected  to  to  determine  its  value  over  other  systems  now  in 
use  for  that  purpose. 

During  this  long  period  of  increasing  usefulness,  it  has  been  the  rise  and 
fall  of  the  most  sanguine  expectations  of  niiny  inventors  for  its  honors. 
Sufficient  evidence  has  been  gathered  by  steam  users  throughout,  I  may 
say,  the  civilized  world,  as  a  criterion  of  its  merits  ;  and  this  has  been 
established  by  facts  covering  economical  performance  for  years  rather  than 
by  claims  based  upon  theory. 

This  is  a  little  mixed.  The  book,  however,  is  of  the  type 
called  "  practical,"  anil  for  some  reason  in  books  of  that  kind 
clear,  lurid  English  does  not  seem  to  be  regarded  as  essential. 
The  various  chapters  treat  of  Steam  Jacketing,  Indicator 
Carls,  the  Governor,  Valve-Gear  and  Valve  Selling,  Lubrica- 
tion, the  Air  Pump  and  its  Management,  Care  of  Driving- 
Gears,  Healing  by  Exhaust  Steam,  and  Engine  Foundations. 


Practical  Instructions  Relating  to  the  Construction 
and   Use  of  the  Steam  Engine  Indicator.     Part  I. 

General  Design  and  Construction  of  Steam  Engine  Indica- 
tors. Special  Design,  Construction,  and  Use  of  the  Crosby 
Indicator,  with  Directions  for  its  Attachment  and  the  Con- 
struction of  Suitable  Mechanism  for  Operating  the  Drum,  to- 
gether with  full  Instructions  for  taking  Diagrams,  Comput- 
ing Horse  Powers,  etc.,  to  which  is  added  complete  Directions 
for  Using  Amsler's  Polar  Planimeter,  and  Professor  C.  H. 
Peabody's  Calorimeter.  Part  11.  By  Albert  F.  Hall, 
S.B.  Brief  Article  on  the  Generation  of  Steam,  and  Correct 
Methods  for  making  Engine  and  Boiler  Tests,  with  full  Nu- 
merical  Applications.  Together  with  Numerical  Examples 
Illustrating  Various  Ways  of  Calculating  the  Steam  Con- 
sumption from  the  Diagrams,  etc.  95  pp.,  7  X  44.  in.  Bos- 
ton :  The  Crosby  Steam  Gauge  it  Valve  Company. 

The  above  transcript  from  the  title-page  of  the  excellent 
little  book  before  us  is  so  long  that  there  is  little  room  for 
other  notice.  As  it  is  fully  descriptive  of  the  character  of  the 
publication,  it  is  perhaps  unnecessary  to  add  much  more.  In 
the  preface  the  publishers  say  : 

The  purpose  of  this  hook  is  to  enable  the  engineer  of  ordinary  ability  to 
understand  :  FirBt,  the  design,  construction,  and  use  of  the  Crosby  Steam- 
Engine  Indicator.  Secondly,  to  make  suitable  preparation  for  applying  it 
to  a  steam  engine,  including  the  mechanism  for  operating  the  paper  drum. 
Thirdly,  to  take  diagrams,  read  them  intelligently,  and.  after  some  expe- 
rience, deduce  from  them  such  information  as  to  the  working  of  an  engine 
as  a  good  instrument  skillfully  applied  and  handled  is  capable  of  revealing 
to  the  studious  and  observing  mind. 

All  this  the  book  does  excellently  well,  and  we  regret  that 
we  caunot  devote  more  space  to  pointing  out  its  merits.  Part 
II  is  a  very  clear  elucidation  of  the  phenomena  attending 
the  generation  of  steam,  the  calculations  involved  in  engine 
and  boiler  tests,  and  directions  for  making  them.  This  little 
volume  is  another  illustration  of  the  fact  that  in  many  cases 
the  best  literature  on  some  engineering  subjects  is  found  in 
trade  catalogues. 


International  Maritime  Congress.  Oe?ieral  Report  and 
Minutes  of  Proceedings  of  Second  Meeting  held  at  the  Insti- 
tution of  Civil  Engineers.  London,  1893.  Printed  and  sold  by 
Un win' Brothers,  27  Pilgrim  Street,  E.  C,  London.  Five 
volumes.     104  X  6f  in.,  46,  196,  144,  113,  and  211  pp. 

In  an  Introductory  Note  to  the  General  Report  the  follow- 
ing account  of  the  origin  and  genesis  of  this  Congress  is  given  : 

The  first  meeting  was  held  in  Paris  in  1889,  under  the  title 
of  "  Congies  international  des  travaux  man  times,"  and  the 
proceedings  were  considered  so  satisfactory  that,  at  the  close 
of  the  sittings,  the  members  unanimously  determined  to  make 
the  Congress  permanent  by  the  appointment  of  a  "  Permanent 
Commission,"  with  its  headquarters  in  1'aris. 

This  Commission  comprises  representatives  of  13  European  coun- 
tries. The  duty  of  the  Commission  is  to  arrange  for  meetings  of  the  Con- 
gress at  suitable  periods  in  the  different  countries  of  Europe.  It  was 
decided  in  July,  1892,  that  the  second  meeting  should  he  held  this  year  in 
London,  and,  to  give  effect  to  that  decision,  an  Organizing  Committee  was 
formed  in  England,  under  the  presidency  of  Lord  Brasscy.  .  .  .  The 
meetings  of  the  Congress  for  the  reading  and  discussion  of  papers  were  held 
in  sections,  among  which  the  subjects  to  be  considered  were  divided  as 
follows:  I,  Harbors  and  Breakwaters;  II,  Docks;  III,  Shipbuilding  and 
Marine  Engineering  ;  IV  Lighthouses,  Buoys,  Fog-Signals,  etc.  The  Pro- 
ceedings of  the  four  Sections  are  published  in  separate  volumes. 

We  have  not  time  nor  space  to  give  even  the  titles  of  the 
interesting  papers  and  discussions  thereon  in  these  volumes, 
but,  with  the  exception  of  Section  III,  can  only  enumerate 
them.  On  Harbors  and  Breakwaters  there  are  13  papers,  and 
discussions  on  about  half  of  them.  On  Docks  there  are  11 
papers,  only  a  few  of  which  appear  to  have  been  discussed. 
On  Lighthouses  and  Buoys  there  were  10  papers,  and  on  Ship- 
building and  Marine  Engineering  there  were  the  following 
papers:  Steam  Communication  with  the  Continent  Past  and 
Present,  by  A.  E.  Seaton  ;  Ocean  Passenger  Steamships,  by 
J.  H.  Biles  ;  a  Description  of  the  New  Sand-Pump  Dredger 
for  the  Mersey  Docks  and  Harbor  Board,  by  A.  Blechynden  ; 
Marine  Boiler  Construction,  by  C.  E.  Stromeyer  ;  and  on 
Shipowners  and  Shipbuilders  in  their  Technical  Relationships, 
by  A.  Denny.  There  is  room  for  regret,  both  on  the  part  of 
our  readers  and  the  writer,  that  we  cannot  dwell  on  the  points 
of  interest  in  these  papers,  but  it  must  be  remembered  that 
the  area  of  the  pages  of  The  American  Engineer  is  limited, 
whereas  that  of  current  engineering  literature  is  boundless. 

We  will  only  linger  on  one  point  more.  The  style  in  which 
these  reports  are  printed  is  an  example  which  all  secretaries 
might  imitate  with  advantage.  The  print  is  long  primer 
leaded,  and  measures  4x7  in.  The  inside  margin  is  ij  and 
the  outside  IJ  in.,  and  the  volumes  are  bound  so  as  to  open 
easily.     Reading  them  is  thus  a  luxury. 
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Thk  Si  n  m  i.  of  Mechanh  3.       I  (  I   Historical  Ex- 

position of  it*  I'  Bj   Dr.  Ernest   Much.  Professor 

of  Physics  in  the  University  of  Prague.  Translated  from 
the  aecond  German  edition  by  Thomas  J.  McCormack. 
581  pp.,  ~)  X  5i  in.  Chicago  :  The  Open  Court  Publish- 
ing Company. 

The  general  character  of  this  hook  is  indicated  in  the  au- 
thor's preface,  in  which  he  - 

"  Tin-  gist  :iinl  kernel  of  mechanical  ideas  has  in  almost  every 
grown  up  in  the  investigation  of  very  simple  and  special 
cases  of  mechanical  processes  :  and  the  analysis  of  the  history 
of  the  discussions  concerning  these  eases  must  ever  remain  the 
method,  at  once  the  most  effective  and  the  most  natural  for 
laying  this  gist  and  kernel  bare.  Indeed,  it  is  not  too  much 
to  say  that  it  is  the  only  way  in  which  a  real  comprehension 
of  the  general  upshot  of  mechanics  is  to  be  attained. 

"I  have  framed  my  exposition  of  the  subject  agreeably  to 
these  view  9." 

The  book  may  be  said  to  be  a  history  and  analysis  of  the 
evolution  of  the  Science  of  Mechanics.  Whether  or  not  it  be 
true,  as  the  author  asserts,  that  it  is  only  by  an  analysis  of  the 
history  of  the  discussions  from  which  the  present  science  of 
mechanics  lias  been  evolved  that  a  real  comprehension  of  the 
"  upshot  of  mechanics  is  to  he  attained,"  his  hook  is  never- 
theless a  very  interesting  and  instructive  one. 

The  subjects  treated  of  in  the  different  chapters  are  :  I,  The 
Development  of  the  Principles  of  Statics,  in  their  application 
to  the  lever  inclined  plane,  composition  of  forces,  virtual 
velocities.  Quids,  gaseous  bodies,  and  a  retrospect  of  the  de- 
velopment of  statics. 

II.  The  Development  of  the  Principles  of  Dynamics,  with  an 
account  of  Galileo's,  Huygens's,  and  Newton's  achievements, 
and  the  hitter's  views  of  time,  space,  and  motion,  and  a  critique 
of  the  Newtonian  enunciations.  A  discussion  of  the  princi- 
ples of  reaction,  the  concept  of  mass,  and  of  the  development 
of  dynamics  is  included  in  this  chapter. 

III,  The  Extended  Application  of  the  Principles  of  Me- 
chanics and  the  Deductive  Development  of  the  Science.  The 
separate  subjects  treated  in  this  chapter  are  the  Newtonian 
principles,  formulas  and  units  of  mechanics,  conservation  of 
momentum,  center  of  gravity  and  of  areas,  laws  of  impact, 
D'A.lembert'8  principle,  vis  vita,  least  constraint,  least  action. 
Hamilton's  principle,  and  some  applications  of  the  principles 
of  mechanics  to  hydrostatic  and  hydrodynamic  questions. 

IV,  Tlie  Formal  Development  of  Mechanics,  including  iso- 
perimetrical  problems  ;  theological,  animistic,  and  mystical 
points  of  view  in  mechanics  :  analytical  mechanics  and  the 
economy  of  science. 

V.  The  Relations  of  Mechanics  to  Physics  and  to  Physi- 
ology. 

The  book  is  well  printed,  and  is  illustrated  with  2'.}>~>  engrav- 
ings, mostly  diagrams,  and  has  that  commendable  addition,  a 
good  index. 


Bbjtisb  I;  mi  v.  ■<■.  -.     Tf< 

d  Express  Speeds.     By  .1.  Pearson 
Pattison.     352  pp.,  8+  X  5J  in.     ( lassell  .v  Co.,  Limited. 

The  character  and  scope  of  this  book  is  perhaps  best  de- 
scribed in  its  own  preface,  in  which  the  Author  says  : 

The  subject  of  railway  traveling  is  alone  considered,  and  ttiat  niainlv 
from  a  statistical  standpoint.  Particulars  of  tlie  commercial  speed  of  all 
the  leading  Brilisl  ■         plion  of  the  loco- 

motives  at  present  used  in  express  traftic,  the  gradients  over  which  thev 
run,  and  ttie  actual  work  they  perform.  Prefaced  10  this  detailed  descrip- 
tion of  the  various  system-  it  an  introductory  section  dealiu::  in  tin-  most 
general  manner  with  the  subject  of  railway  traveling  in  this  and  other 
■  ouniries.  and  commenting  brieily  on  the  train  services,  tbe  rolling  stock, 
and  the  safety  appliances  used  in  "pasaenger  trains  working  not  only  in  this 
country,  but  on  ttie  Continent,  and  in  the  United  States  of  America" 

The  book  is  divided  into  three  parts,  the  lirst   consisting  of 

four  sections  on  Speed   and    Punctuality.    Passenger   Rolling 

1  :   Safety  and  Safety  Appliances      Loci  .radi- 

rain  Loads,  and  Train  Tin,: 

In  Part  II  tin   British  in  considerable  de- 

tail.   To  quote  again,  this  time  from  "  Explanatory  No 

Part  II."  the  author  says:  "The  length  of  each  system  is 
given  approximately,  the  traveling  facilities  are  described, 
and  punctuality  and  local  train  services  are  discussed.  Fol- 
lowing this,  under  the  sub-title  of  Rolling  Stock  and  General 
immodation,  the  safety  appliances,  stations,  etc.,  of  each 
company  are  briefly  described.'' 

Locomotive  work  is  discussed  under  tin-  separate  subtitles 

el.  Gradients,  Locomotive-,  Actual    Performances,  and 

under  these  are  considered  respectively  "  the  demands  made 
on  the  locomotive  in  the  way  of  speed,  the  contour  of  the  line 
over  which   these  speeds  are  to  be  maintained,  the  machines 


actually  doing  the  work  indicated  in  the  previous  sections, 
and  the  manner  in  which  these  machines  actually  perform 
this  work,  its  illustrated  by  a  very  large  number  of  examples 
observe, 1,  personally,  in  actual  daily  practice."  Profiles  of 
all  the  lines,  and  speed  recorder  diagrams  of  some  of  them, 
and  outline  engravings  showing  the  principal  features  of  the 
leading  type  of  loc  (motive  of  each  line,  are  given.  There  is 
tabular  statement  giving  the  principal  dimensions  and 
weights  of  different  classes  of  engines  used. on  the  respective 
lines. 

In  the  last  section,  or  Concluding  Remarks,  the  following 
topics  are  discussed  .  The  Highest  Speed  ever  Recorded  ;  The 
Fastest  Train  in  the  World  ;  The  Race  to  Edinburgh  ;  Com- 
petitive Traffic  and  Uphill  Running. 

The  hook  is  admirably  printed,  and  is  bound  so  that  it  opens 
easily,  which  is  characteristic  of  most  English  binding,  win  1 
in  reading  some  American  hooks  one  often  feels  the  need  of  a 
"  jimmy"  to  pry  them  open. 


Compound  Locomotives.  By  Arthur  Tannatt  Woods.  Sec- 
ond edition,  revised  and  enlarged  by  David  Leonard  Barnes. 
330  pp.,  >j  X  8J  in.  Chicago  :  The  Railway  Age  and 
Northwestern  Railroader. 

As  the  above  transcript  of  the  title  page  of  this  book  indi- 
cates, it  is  a  recast  of  Professor  Woods's  former  book.  The 
new  edition  is  nearly  twice  the  size  of  the  original,  is  printed 
in  larger  type,  and  is  generally  much  improved.  In  the  pref- 
ace to. the  new  edition  it  is  said  that  "  the  aim  has  lwen  to  add 
all  important  developments  since  the  first  edition,  and  to  de- 
scribe not  so  much  tlie  plans  of  various  inventors,  as  to  place 
before  the  reader  the  actual  construction  and  practical  value 
of  compound  locomotives  that  have  been  built  and  put  into 
service.  .  .  .  There  has  been  added  further  considera- 
tion of  the  more  important  functions  of  compound  locomo- 
tives, based  on  analysis  of  data  and  indicator  cards,  which 
were  not  available  for  the  first  edition.  .  .  .  The  first  in 
chapters  have  been  prepared  with  special  reference  to  students. 
Chapter  \1.  to  XX.,  inclusive,  refer  more  particularly  to  the 
different  types  of  compound  locomotives,  and  have  been  ar- 
ranged for  designers  of  locomotives.  Chapters  XXI.  to  XXIII. 
are  intended  to  place  before  the  reader  an  unprejudiced  com- 
parison of  the  different  types,  and  to  indicate  why  double  ex- 
pansion is  expected  lo  he  more  economical  than  single  expan- 
sion for  locomotives." 

The  first  eight  chapters  of  the  hook  treat  of  the  Distribution 
and  Action  of  the  Steam  in  the  Cylinders.  The  ninth  chapter 
is  on  the  Starting  Power  of  Compound  Locomotives  ;  the 
tenth  on  Condensation  in  the  Cylinders  ;  the  eleventh,  twelfth, 
and  thirteenth  on  Valve-Gear  ;  the  fourteenth  on  the  Effect 
of  the  Reciprocating  Parts  ;  the  fifteenth  to  the  twentieth 
contain  descriptions  of  different  types  of  Compound  Locomo- 
tives ;  the  twenty-first  is  on  Starting  Gear  ;  the  twenty-second 
on  Reasons  for  Economy,  ami  the  twenty-third  on  Different 
Types  of  Compound  Locomotives.  An  appendix  contains  a 
variety  of  data  for  which  no  appropriate  place  could  be  found 
in  the  body  of  the  book.  A  good  index  completes  the  vcl- 
ume,  which  is  well  printed,  on  fairly  good  paper,  and  is  illus- 
trated with  engravings  made  by  a  photo-engraving  pra 
which  are  very  good  of  their  kind. 

Altogether  the  book  is  the  best  treatise  on  the  subject  in  e\ 
istence,  but  in  view  of  the  tentative  character  of  its  subject 
we  are  inclined  to  think  that  a  treatise  of  this  kind  should 
have  the  form  of  an  annual,  which  each  year  would  summa- 
rize the  failures  and  report  the  successes  of  compound  locomo- 
tives. Such  a  series  of  books  would  become  a  sort  of  historv 
of  the  mechanical  evolution  of  compound  locomotives,  which 
might  be  as  useful  to  future  investigators  as  Bui wer's  proposed 
history  of  human  error. 


At. r.t  m  u»d  Catalogue  of  t/„  -  -  ?our  la  Construe- 

Wintertliur     - 
34  plates  and  text.      181,    <  9*  in. 

We  have  received  a  copy  of  a  new  album  and  catalogu, 
issued  by  this  Company,  which  is  interesting  if  compared  with 
the  catalogues  of  locomotive  builders  in  this  country,  first 
as  an  example  of  this  elass  of  publications,  and.  second,  as 
illustrating  the  types  of  locomotives  constructed  at  tin  s. 
works.  The  plates  consist  of  half-tone  engravings  printed 
on  heavy   plate  paper  with  a  somewhat  rough  surface,  and 

of  a  different  texture    from    any    we    retnenil,  used 

in  this  country.     The  effect   is  very  good,  and   is  improvi 
a   light    buff   background,    on    which   the   plat.  -   arc    pin 
The  descriptions  and  dimensions  of  the  engini  s  illustrated  are 
given  on  thin  sheets  opposite  the  engraving,  and  are  L'iven  in 
French  and  German. 


Vol.  LXVIII,  No.  i.] 


AND    RAILROAD    JOURNAL. 


The  first  engine  illustrated  is  a  small  four-wheeled  coupled 
tank  engine,  which  has  the  walking-beam  arrangement  de- 
signed by  Mr.  Brown,  the  former  Superintendent  of  these 
works.  The  next  plate  illustrates  an  engine  of  the  "  type 
Forney,"  which  resembles  closely  the  locomotives  used  on  the 
New  York  Elevated  roads.  The  third  is  a  four-wheeled  tank 
engine  with  outside  cylinders  in  the  usual  position.  The 
valve-gear  is  an  Allen  straight  link  worked  from  overhung 
cranks  on  the  outside  of  the  back  crank-pins.  The  fourth 
plate  shows  a  similar  machine  to  its  predecessor,  but  with  an 
outside  Walschaert  valve-gear.  This  form  of  valve-gear  is 
used  on  perhaps  one-half  of  the  engines  illustrated.  There 
are  several  examples  of  locomotives  of  the  mogul  type, 
some  with  tenders  and  others  without,  the  latter  having  tin 
tanks  between  the  frames  and  on  the  sides  of  the  boiler.  A 
peculiarity  of  some  of  this  class  of  engines  is  that  the  cylin- 
ders are  placed  behind  the  smoke-box.  In  the  side  view  of 
these  engines  the  center  of  the  chimney  is  about  coincident 
with  a-  vertical  center  line  drawn  through  the  center  of  the 
truck.  The  back  axles  appear  to  be  behind  the  fire  boxes  or 
immediately  below  the  back  portion.  This  arrangement  makes 
a  very  compact  looking  engine  with  quite  long  tubes.  In 
some  of  them  the  steam -pipes  are  carried  outside  of  the  boilers, 
which  would  not  commend  itself  to  American  builders.  Fig. 
11  shows  a  very  neat  design  and  follows  American  practice 
very  closely.  The  driving-wheels  are  about  4  ft.  diameter. 
The  foot-baard  is  placed  within  a  few  inches  of  the  top  of 
these  wheels,  and  that  of  the  tender  and  the  running-board 
are  all  placed  on  the  same  line.  Consequently  the  top  sur- 
faces of  all  of  these  are  in  a  continuous  horizontal  line,  from 
the  back  part  of  the  tender  to  the  front  of  the  engine.  It 
gives  the  engine  a  very  simple  appearance,  and  the  method  of 
construction  does  not  seem  to  be  in  any  way  objectionable. 

A  number  of  small  tramway  locomotives,  with  four  and  six 
wheels  coupled,  are  also  illustrated  ;  most  of  them  have  Brown's 
walking  beam  with  the  cylinder  horizontal  and  elevated  above 
the  driving-wheels.  This  establishment  has  made  a  specialty 
of  locomotives  for  steep  mountain  roads,  which  are  operated 
with  toothed  racks  and  gears,  and  a  number  of  such  engines 
are  illustrated  in  the  catalogue  before  us.  Some  of  them  ap- 
pear to  be  very  complicated.  There  are  a  great  many  ingen- 
ious features  illustrated  in  the  designs  in  this  book,  which 
would  require  much  more  space  than  we  can  now  give  to 
them  to  describe,  and  any  one  who  has  ever  designed  a  locomo- 
tive will  be  very  much  interested  in  studying  the  ingenious 
devices  which  are  shown,  and  for  which  this  establishment  has 
always  been  noted. 


I.  The  Oriental  Republic  of  Uruguay  at  the  World's 
Columbian  Exhibition,  Chicago,  1893.  Geography, 
Rural  Industrie*.  Commerce,  General  Statistics.  By  Carlos 
Maria  de  Pena  and  Honore  Roustan,  Director  of  the  General 
Statistics  Office.     Translated  into  English  by  J.  J.  Rethore. 

.  Montevideo,  1893.     54  pp.,  6i  X  10  in.,  and  folded  map. 

II.  Treatise  on  the  South  American  Railways  and  the 
Great  International  Lines:  sent  to  the  World's  Exhi- 
bition of  Chicago  by  th>  Ministry  of  Foment  (?)of  the  Oru  atal 
Republic  of  Uruguay.  Montevideo  :  La  Xacion  Steam 
Printing  Office,  Calle  25  de  Mayo,  Xos.  146-54,  1893.  1 ,252 
pp.,  11  X  Tfin. 

III.  Comparison  ok  English  and  American  Locomotives 
in  the  Argentine  Republic.     16  pp.,  104  X  5  in. 

The  title-pages  of  these  books,  which  have  been  transcribed 
above,  will  give  an  idea  of  their  character.  The  first  is  a 
pamphlet  prepared  for  distribution  at  the  Chicago  Exhibition, 
and  intended  to  give  an  idea  of  the  resources  and  general 
characteristics  of  the  Republic  of  Uruguay . 

The  second,  as  its  name  implies,  is  a  treatise  on  the  South 
American  Railways,  and  embraces  the  railways  in  the  Repub- 
lic of  Uruguay,  the  Argentine  Republic,  the  United— or  must 
we  now  say  the  Disunited  ? — States  of  Brazil,  the  Republics  of 
Chile,  Paraguay,  Bolivia,  and  Peru,  the  Intercontinental  ami 
Interoceanic  lines,  the  Population  of  the  South  American 
States,  and  a  description  of  the  Ports  and  Railways  of  tin- 
Oriental  Republic.  The  first  part  of  the  book  is  an  English 
translation  of  the  Spanish  text,  which  i~  given  in  tin-  I 
half.  A  map  of  the  South  American  Railway  was  intended 
to  accompany  the  volume,  but  this  unfortunately  has  not 
reached  US. 

The  third  publication  is  a  pamphlet,  from  which  we  give 
some  extracts  on  another  page. 


Journal  of  the  American  Society  of  Natal  Engineers, 
Volume  r  y.,.  4,  Xozernber,  1893.  Published  quarterly  by 
the  Society.  Washington,  D.  C. 

This  publication  comes  to  us  with  a  long  list  of  interesting 
papers,  articles,  and  notes  which  swell  its  dimensions  to  314  pp. 
Only  a  small  number  of  these  papers  were,  however,  prepared 
especially  for  this  publication  or  for  the  Society  which  it  rep- 
resents The  question  might  be  raised  as  to  how  far  it  is  judi- 
cious for  a  Society  like  this  to  distend  its  published  proceedings 
with  reprints  which  are  easily  accessible  in  other  publications. 
If  a  Society  can  make  original  contributions  to  the  knowledge 
for  the  promotion  of  which  it  is  organized,  whatever  it  can 
give  will  be  received  with  open  hands  and,  it  may  be  said, 
open  minds.  If  it  becomes  a  dealer  in  second-hand  articles 
it  ma}-  serve  some  useful  purpose,  but  can  hardly  assume 
a  first  place  among  the  institutions  of  learning. 


Per  I  Mercati  Coperti  (On  Covered  Markets).  By  Marc 
Aurelio  Boldi.  Published  by  the  Fralelli  Centenari,  Rome. 
71  X  9  in.,  140  pp.,  paper  covers. 

In  this  book  Signor  Boldi  treats  the  subject  of  covered 
markets  in  all  its  branches,  not  only  their  materials,  construc- 
tion, and  architecture  are  fully  considered,  but  all  the  laws 
and  regulations  in  every  detail  which  should  govern  the  ad- 
ministration of  the  traffic  carried  on  in  them.  The  work  is 
divided  into  five  parts.  The  first  opens  with  a  brief  historical 
account  of  the  rise  and  development  of  markets  in  various 
countries  ;  next  are  presented  the  conditions  which  should  be 
fulfilled  by  covered  markets  to-day,  in  order  to  produce  the 
highest  degree  of  usefulness.  In  the  second  part,  to  show 
what  has  been  done  to  provide  the  centers  of  habitation  with 
covered  markets  satisfying  such  conditions,  a  description  is 
given  of  many  markets  erected  in  Europe  in  the  nineteenth 
century,  followed  by  a  table  containing  the  principal  data  re- 
lating to  such  markets.  In  the  third  part  is  described,  with 
still  greater  minuteness,  what  has  been  done  in  Italy.  Xo 
mention  is  made  of  any  American  markets.  France,  it  is 
stated,  has  always  taken  the  lead  in  these  matters,  and  with 
regard  to  the  excellence  of  its  covered  markets  holds  indis- 
putably the  first  place  among  civilized  nations.  The  Author 
states  tliat  in  these  descriptions  his  aim  is  not  so  much  to  make 
an  abstract  study  of  covered  markets  as  to  collect  all  the  in- 
formation possible,  especially  of  a  technical  nature,  which  can 
be  of  use  to  those  particularly  interested  in  the  subject.  In 
parts  fourth  and  fifth  are  given  the  results  of  Signor  Boldi's 
studies.  He  here  presents  his  views  as  to  the  means  he  con- 
siders most  conducive  to  the  end  of  perfection  of  building 
and  arrangement  in  every  respect.  He  closes  with  some  re- 
marks on  markets  as  financial  investments  he  had  hoped,  he 
says,  at  the  time  of  beginning  the  book,  to  be  able  to  give 
figures  upon  which  arguments  in  their  favor  must  be  based, 
but  that  statistics  do  not  yet  furnish  such  information  in  a 
way  to  serve  this  end.  He  has,  however,  in  the  course  of  his 
own  studies  and  investigations,  arrived  at  the  conclusion  that 
covered  markets  should  be  classed  among  those  building  en- 
terprises which  yield  a  high  rate  of  interest,  his  opinion  being 
that  such  interest  fluctuates  in  the  neighborhood  of  T  per  cent. 
The  book  is  clearly  and  concisely  written.  Eight  folding 
plates  gi"e  views  and  plans  of  ancient  and  modern  markets. 


BOOKS   RECEIVED. 


Proceedings  of  the  Twenty -fourth  Annual  Convention  of  the 
Mantei  i'n-  and  Locomotive  Paintt rs'  Association  of  the  Uniteel 
land  Canada,  held  at  Milwaukee,  Wis.,  September  13-15, 
1893.     54  pp.,  10  X  6}  in. 

Annual  Report  of  the  State  Geologist  of  the  Stab  of  Ni  a  Jersey, 

with  two  large  maps,  one  of  the  State  of  New  Jersey  and  the 
other  of  parts  of  Monmouth  aniftliddlesex  counties.  36?  pp., 
9  X  5|  in.  Trenton,  X.  J.:  The  John  L.  Murphy  Publishing 
Company,  Printers. 


TRADE  CATALOGUES. 


The  number  of  Trade  Catalogues  which  are  sent  to  us  dur- 
ing the  pa-t  month  i--  so  great  that  we  find  it  impossible  to 
do  more  than  to  make  a  verv  brief  mention  of  them  : 


Standard  Wateb-Tdbe  Safety   Boilers,  manufactured 
by  The  Link   Belt   Machinery   Company,    Chicago.      8   pp.. 
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5f  X  7f  in.  Describes  the  construction  of  the  boilers  briefly, 
and  illustrates  them  with  a  perspective  sectional  view  and 
engravings  of  boiler  fronts.  Also  gives  illustration  and  de- 
scription of  the  Ewart  clutch  and  view  of  works  on  last  |    5 


Tut.  Caswell  Hot-Watkb.  Circulator,  for  Heating  Dwell- 
ings, Stores.  Greenhouses,  Depots,  Schoolhouses,  etc.,  with 
Hot  Water  by  Forced  Circulation,  manufactured  by  F.  K. 
Caswell  A-  Co.,  Hartford.  Conn.  8  pp..  5}  X  84  in.  The 
circulator  is  illustrated  and  described,  and  its  application  to  a 
heater  shown. 


The  Robin-  I.iee  Guard  ob  Safety  Fender  fob  Elbx 
TBI)  and  Cable  Cars.  By  the  Robins  Life  Guard  and  Manu- 
facturing Company,  Philadelphia.  14  pp.,  6  X  9£  in.  Illus- 
trated by  engravings  of  the  apparatus,  some  of  which  Bhow 
more  or  less  dilapidated  individuals  in  precarious  positions  on 
the  fender.  An  improvement  in  the  moral  appearance  of  the 
persons  who  arc  saved  would  add  to  the  apparent  merits  of 
the  device.  Those  gh  >wn  in  the  engravings  look  like  tramps, 
and  it  is  a  little  questionable  whether  it  might  not  be  as  well 
to  run  over  some  of  them.  A  device,  however,  which  will 
catch  tramps  will  also  save  honest  folks,  and  that  is  what  this 
"  life  guard  "  is  intended  for. 


NSW     UNIVERSAL    CUTTER    AND    TOOL    GRINDER.      By    the 

Cincinnati  Milling  Machine  Company,  Cincinnati,  O.  24  pp., 
6x9}  in.  This  publication  gives  first  a  good  engraving  of 
the  machine,  the  construction  of  which  is  afterward  described. 
On  the  fourth  page  an  engraving,  made  from  a  photograph,  is 
given  which  shows  various  kinds  of  cutters,  reamers,  and 
other  tools  which  may  be  ground  on  the  machine.  On  pp. 
6  to  15  inclusive  a  number  of  outline  engravings  are  shown, 
indicating  the  method  of  using  Ihis  machine,  with  clear  descrip 
tions  explaining  how  it  is  done.  Some  suggestions  with  refer- 
ence to  the  care  and  use  of  the  machine  and  a  list  of  parts, 
which  may  be  furnished,  completes  the  pamphlet. 


The  2  X  24  Flat  Turret  Lathe,  manufactured  by  the 
Jones  &  Lamson  Machine  Company.  Springfield,  Vt.  7i  pp., 
6  X  9  in.  This  volume  contains  two  very  good  engravings 
showing  front  and  back  views  of  the  machine  described,  ami 
descriptions  thereof.  These  are  followed  by  six  pages  of  en- 
gravings showing  the  chucks,  slides,  tools,  and  various  appli- 
ances which  are  used.  Twelve  pages  of  illustrations  show-in.' 
and  describing  the  kind  of  work  which  can  be  done  on  this 
machine.  A  chapter  with  six  engravings  showing  and  de- 
scribing its  evolution  and  a  full  description  of  it  follow.  Fac- 
similes of  testimonial  letters,  a  list  of  users,  directions  for 
ting  up  and  operating  the  machine,  and  a  folded  plate  showing 
some  large  specimens  nf  work  done  on  it,  with  a  table  of  B] 
on  the  back,  complete  the  publication. 


The  Yeniuri  Meter,  patented  by  Clemens  Herschel, 
Hydraulic  Engineer,  made  by  Builders' Iron  Foundrv,  Found- 
ers and  Machinists,  Providence.  R.  L.  5f  X  9  in.  This  pam- 
phlet is  unpaged,  but  contains  about  70  pp.  It  contains  fir-t  a 
description  of  the  Venturi  meter,  of  which  it  is  said  in  the 
opening  paragraph  that  "  it  is  named  for  the  Italian  philoso- 
pher, Venturi.  who  first  called  attention,  in  1796,  to  the  relation 
between  the  velocities  and  pressures  of  fluids  when  flowing 
through  converging  and  diverging  tubes."  The  description  of 
the  instrument  is  followed  by  a  reprint  of  a  paper  describing 
it.  which  was  read  before  the  Society  of  Civil  Engineers  in 

Following  this  is  an  extract  from  Mansfield  Merri: 
Hydraulics  on  the  same  subject.     The  conclusion  consi- 
tables  giving  the  performance  of  the  meter  and  tests  1 
accuracy.    The  book  has  numerous  illustrations,  is  well  printed, 
aid  in  excellent  taste  all  through. 


The  Widening  Use  of  Compressed  Air.  By  Whitfield 
Price  Pressirr.-er.  7  pp.,  r,T  x  9  in.  This  i»  a  reprint  of  an 
article  which  appeared  originally  in  the  E 
tine.  The  uses  to  which  compressed  air  is  put  are  briefly  de- 
scribed, such  a-  for  pneumatic  dynamite  giins.  blr>ck  signal- 
ing, raising  water,  in  the  use  of  crude  petroleum  for  fuel,  in 
emptying  tanks  ;  in  india-rubber  factories  the  hose  is  removed 
from  the  iron  mandrels  by  forcing  a  current  of  air  under  50  or 
60  lt»s.  pressure  between  the  hose  and  mandrels,  thereby  in- 
flating the  hose  and  permitting  it  to  l>e  easily  slipped  off";  for 
pneumatic  riveting  machines,  cranes,  and  hoisting  machinery, 
for  pneumatic  tubes  for  transmitting  mail  matter  and  other 
parcels,  refrigeration  and  ventilation,  the  propulsion  of  cars, 
for  conveying  coal  culm,  the  disposal  of  sewage,  for  painting 


buildings,  for  sheep  shearing  machines,  raising  vessels,  puri- 
fying water,  and  for  steering-gear  for  vessels. 


The  We-iinohm!  sb  Single-Acting  Engines;,  Compound, 
Standard,  and  .Timor.  Designed  and  built  by  the  Westing- 
house  Machine  Company,  Pittsburgh,  Pa.  109  pp.,  7  X  9  in. 
This  is  one  of  the  most  luxurious  catalogues  that  has  come  to 
us  for  a  long  time.  The  cover,  printed  in  a  raised  and  very 
artistic  design,  with  a  buff  and  brown  ground,  is  a  work  of 
art.  The  engraving,  the  paper,  the  printing,  the  ink.  of  a 
bronze  color,  is  all  of  the  most  luxurious  kind.  There  is  first 
a  general  view  of  the  works,  followed  with  a  chapter  which 
tells  why  the  Company  builds  the  kind  of  engines  they  do, 
and  gives  a  perspective  view  of  the  engine  exhibited  at 
Chicago.  Very  elaborate  perspective  and  sectional  engravings 
follow,  with  full  descriptions  of  the  different  classes  and  their 
details,  advantages,  principles,  and  theory  of  their  construc- 
tion, their  operation,  and  economy,  and  a  general  description 
of  the  character  and  extent  of  the  business.  Our  brief  notice 
does  scant  justice  to  the  merits  of  this  volume— which  is 
from  the  press  of  Bartletl  &  Co.,  of  New  York— but  it  occupies 
all  the  space  that  is  available. 


THE  LOCOMOTIVE  PROBLEM. 


BY    RENE    DE   SAUs-URE.  C.E.,  ROANOKE,  VA. 


In  reading  over  the  last  April  number  of  Tin:  Amekk  an 
Engineer,  I  noticed  an  article  entitled  The  Locomotive  Prob- 
lem, by  C.  H.  Lindenberger,  C.E..  Detroit,  Mich.,  which  con- 
tains evidently  a  wrong  solution  of  the  problem. 

Mr.  Lindenberger  announces  this  problem  as  follows  : 

"  Lft  it  be  supposed  that  the  stroke  of  the  pistons  of  a  loco- 
motive is  2  ft.,  the  diameter  of  the  driving-wheels  8  ft.  and  the 
velocity  60  miles  per  hour  :  what  is  the  maximum  and  mini- 
mum velocity  of  the  piston  relatively  to  the  earth  and  not  with 
regard  to  the  locomotive,  and  when  does  each  occur  ':" 

The  author  has  chosen  the  usual  analytical  method  for  find- 
ing maxima  aud  minima—  i.e.,  by  writing  that  the  differential 
of  the  velocity  —  0  for  a  maximum  or  minimum  ;  this  he  has 
the  right  to  do,  although  this  method  is  much  more  compli- 
cated in  this  case  than  the  geometrical  solution  ;  but  the  mis- 
take begins  in  solving  the  equation  of  third  degree  resulting 
from  this  analytical  method.  The  detail  of  this  last  calcula- 
tion is  not  published  in  the  article  above  mentioned  ;  and  my 
opinion  is  that  the  formula  adopted  to  solve  the  equation  of 
third  degree  must  have  been  only  a  formula  of  approximation, 
for  Mr.  Lindenberger  concludes  by  saying  : 

X;S 


"So  that  the  maximum  and  minimum  velocity  is  not  for 
these  parts  [the  crank-pin  radius  and  the  connecting-rod]  at 
right  angles,  as  some  solutions  assume,  but  is  very  near  that 
place." 

Now,  I  would  ask  the  author  whether  he  has  examined  ti 
solutions  that  "  assume,"  or.  rather,  whether  he  thinks  that  a 
mathematical  demonstration  "  proves  beyond  tiny  doubt"  or 
just  "assumes."  To  decide  this  question.  I  will  take  the  lib- 
erty of  recalling  here  in  a  few  words  the  usual  geometrical 
solution  of  this  problem  : 

Let  A  T>  be  the  connecting-rod. 

Let  0  ]!  In-  the  crank  pin  radius. 

Let  '/  =  the  velocity  of  the  piston. 

Let  u  =z  the  angular  velocity  of  the  crank-pin  radius,  or  the 
angle  described  by  this  radius  in  the  unit  of  time.  This 
angular  velocity  is  constant,  since  the  velocity  of  the  engine  is 
supposed  to  be  constant. 
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First,  it  is  evident  that  the  maximum  and  minimum  veloci- 
ties of  the  piston  relatively  to  the  earth  occur  at  the  same  time 
as  the  maximum  velocities  of  the  piston  relatively  to  the  loco- 
motive ;  the  constant  velocity  of  the  engine  having  only  for 
effect  to  change  one  of  these  maxima  into  a  minimum,  when 
the  piston  moves  backward  ;  so  that  it  is  onlv  necessary  to  find 
the  positions  for  which  the  velocity  of  the  pislon  is  maximum 
relatively  to  the  locomotive. 

Second,  the  point  A  having  the  same  motion  as  the  piston, 
will  have  a  maximum  velocity  at  the  same  time  as  the  piston  ; 
we  can  therefore  apply  the  reasonments  to  point  A  instead  of 
the  piston.  We  have  now  done  away  with  two  constanls — 
i.e.,  the  velocity  Fof  the  engine  and  the  distance  c  from  point 
A  to  the  pislon.  The  uselessness  of  these  two  constants  ap- 
pears distinctly  in  the  analytical  method  of  Mr.  Lindenberger, 
as  they  have  both  disappeared  from  his  equations  by  the  time 
he  has  taken  the  second  differential,  thus  showing  that  the 
result  is  independent  of  Pand  c. 

Now,  supposing  that  at  the  start  the  piston  and  connecting- 
rod  have  the  position  shown  in  the  figure,  let  us  examine  what 
occurs  when  the  piston  moves  during  a  time  infinitely  short, 
d  t.  The  point  A  moves  in  the  direction  0  A  and  describes  a 
length  =  a  d  t ;  if  we  draw  A  S  perpendicular  to  O  A,  this 
length,  u  d  t,  being  infinitely  small  and  being  at  right  angle 
with  A  S.  can  be  considered  as  a  very  short  arc  of  circle  de- 
scribed with  any  radius  provided  the  center  is  chosen  some- 
where on  the  line  A  8. 

In  the  meantime,  point  i?uas  moved  on  the  crank-pin  circle. 
But  the  length  of  the  motion  of  B  being  also  iuflniteby  small, 
and  the  straight  line  0  B  being  perpendicular  to  the  crank-pin 
circle,  the  element  described  by  point  B  can  be  considered  as 
a  very  short  arc  of  circle  of  any  radius  provided  the  center  is 
chosen  somewhere  on  the  line  6  B. 

Now  point  A  and  point  B  are  connected  together  by  a  solid 
rod  ;  we  know,  further,  that  point  A  rotates  during  the  time 
d  t  around  any  point  of  A  S,  and  that  point  B  during  the  same 
time  rotates  around  any  point  of  0  B,  so  that  the  straight  line 
A  B  rotates  around  the  point  common  to  A  S  and  0  B,  or 
around  point  S.  In  other  words  :  During  the  time  d  t,  the 
motion  of  the  connecting  rod  A  B  can  be  considered  as  a  rota- 
tion infinitely  small  of  said  rod  around  point  5. 

The  element  described  by  point  B  on  the  crank  pin  circle 
during  the  time  d  t  has  a  length  equal  to  u  ;•  d  t ;  dividing  the 

u  r  dt 

length  of  this  element  by  the  radius  B  S  we  obtain for 

BS 
the  expression  of  the  size  of  the  angle  described  by  point  B 
around  point  5.  But  the  point  A  also  turns  around  S  of  the 
same  angle,  as  we  have  proved  that  during  the  time  d  t  the 
whole  connecting-rod  rotates  around  point  S.  Therefore  the 
point  A  describes  an  element  equal  to  this  angle  multiplied  by 

u  r  d  t      

the  distance  of  A  to  S,  or, X  A  8. 

BS 
.    On  the  other  hand,  we  have  seen  that  point  A  describes  in 
the  direction  0  A  an  element  =  u  dt ;  as  point  A  can  have 
but  one  motion,  these  two  elements  are  equal ;  therefore, 

a  r  dt    

—  AS, 


BS 


or, 


AS 
B~S' 


If  we  draw  0  C,  or  a  vertical  line,  through  center,  0,  until 
it  meets  the  directional  B,  we  have  in  the  two  similar  triangles 
0  B  Cand  A  B  S  the  proportion 

AS       OG 

BS~      r 

replacing  in  the  above  equation,  we  have  finally,' 

«  =  uXO  G, 
and  u  being  constant,  this  shaws  that  the  velocity  u  of  the 
piston  is  proportional  to  the  theoretical  line  0  C,  therefore  the 
maximum  of  u  will  correspond  to  the  maximum  of  0  G. 

After  each  element  of  time,  d  t,  the  position  of  points  S  and 
C  changes  ;  but  it  is  easy  to  see  that  0  G  will  be  maximum 
when  A  B  becomes  langent  to  the  crank-pin  circle,  or  when 
the  crank-pin  radius  is  at  right  angle  with  the  connecting-rod. 

This  is  not  an  approximate  solution  ;  it  means  either  that 
the  maximum  speed  of  the  piston  is  attained  when  the  connect- 
ing-rod is  exactly  perpendicular  to  the  crank-pin  radius,  or 


that  the  whole  cinematical  geometry  is  based  upon  wTong 
principles. 

Without  following  all  the  calculations  of  Mr.  Lindenberger, 
we  can  show  the  same  result  on  his  own  equation.  Keeping 
the  same  figures  as  those  used  in  his  demonstration,  he  obtains 
the  following  expression  for  the  velocity  of  the  piston  : 


V+v- 


sin.  (8  -(-  <p) 
1 

COS.  f 


and  he  admits  himself  that  Fand  v  being  constant,  the  maxi- 
mum of  this  velocity  will  be  reached  when  the  coefficient 
«».  (0  -+•  (j>) 
is  itself  maximum.    Now,  when  the  connecting-rod 

cos.  0 
is  perpendicular  to  the  crank-pin  radius  or  tangent  to  the 
crank-pin  circle,  0  -4-  $  —  90°  or  sin.  0  +  (j>)  =  1,  which  is  the 
maximum  value  for  any  sinus.  Besides  the  angle  <p  in  this 
position  has  attained  its  maximum  value,  therefore  cos.  <f>  has 
reached  its  minimum  value.  The  numerator  sin.  (0  -4-  $)  being 
maximum,  and  the  denominator  cos.  ^  being  minimum,  their 
quotient  is  surely  a  maximum. 

In  the  numerical  example  mentioned  by  Mr.  Lindenberger, 
he  finds  that  this  quotient  equals  1.0540926,  when  the  connect- 
ing-rod is  at  right  angle  with  the  crank-pin  radius,  and  that  for 
a  certain  position  very  near  it  this  same  coefficient  has  a  larger 
value— 1.05464  ;  these  two  values  are  so  near  each  other  that 
the  error  must  be  attributed  to  the  small  errors  committed  in 
extracting  square  roots  or  in  using  the  trigonometrical  tables. 
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Specification  of  English  Express  Passenger  Locomotive. 


LONDON  &  SOUTHWESTERN  RAILWAY. 

Tender  for  Four-Wheels  Coupled    Bogie    Passenger 
Engines  and  Tenders. 

To  the  London  &  Soullacestern  Railway  Company  : 

Gentlemen  :  We  undertake  to  build  - — ■  bogie  passenger 
engines  and  tenders  and  to  deliver  the  same,  carriage  free,  at 
your  Nine  Elms  Works,  London,  in  strict  accordance  with 
your  specifications  and  drawings,  and  subject  to  the  general 

conditions  hereto  annexed,  for  the  sum  of  S, for  each 

engine  and  tender,  and  to  execute  a  formal  contract  for  the 
whole  of  the  above  or  any  less  number  which  you  may  assign 
to  us,  if  and  when  called  upon  by  you  to  do  so. 

The  deliveries  to  be  not  less  than in  eight  months  from 

the  date  of  order  and  at  the  rate  of per  month  afterward. 

Contractor's  Signature 

"  Address 

Date  

LONDON  &  SOUTHWESTERN  RAILWAY  COMPANY. 

Specification    of    Four-Wheels    Coupled    Bogie  Pas- 
senger Engine. 

drawing  no.  6,815. 

Principal  Dimensions. 

Ft.    Id. 

Inside  diameter  of  cylinders  1  7 

Stroke  of  piston 2  2 

Length  of  boiler  barrel  between  plates 11  0 

Diameter      "  "     outside 4  4 

Length  of  fire-box  shell  outside 6  4 

Width  "  "■    at  bottom ^    3  lOi 

Number  of  tubes '-40 

Diameter        "      outside 0  If 

Height  of  center  of  boiler  from  rails 7  9 

Length  of  engine  frame 30  4 

Thickness       "  0  1 

Distance  between      "     3  114 

Diameter  of  bogie  wheels  on  tread 3  9f 

'.'.          £S«W    "•            •'•      !•  coupled 7  1 

trading  1 

Center  of  bogie  to  center  of  driving-wheels 10  9 

driving          "         trailing              8  6 

"        bogie-wheels •••  7  6 
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Wheel  base  from  center  of  leading  bogie  to  center  of 

trailing- wheels 23    0 

1  [eight  of  center  of  buffers  from  rails 3     6 

Working  steam  pressure 175  lbs.  per  square  inch. 

PRELIMINARY    HEM  AUKS. 

Where  the  dimensions  are  omitted  in  this  specification  they 
will  be  found  fully  detailed  in  the  drawings,  and  these,  as  well 
as  the  terms  of  this  specification,  must  be  strictly  adhered  to, 
except  in  cases  where  the  consent  in  writing  of  the  Railway 
Company's  Locomotive  Superintendent  has  been  first  obtained. 

IRON. 

In  all  cases  where  the  words  "  Best  Yorkshire  Iron"  are 
specified,  the  same  must  be  wrought  iron  of  the  manufacture 
of  Lowmoor,  Bowling,  Coopers,  Taylor's,  Monubridge,  or 
Farnley  best  iron.  In  all  cases  the  brand  of  the  manufacturer 
is  to  be  kept  where  it  can  be  seen. 

BRASS. 

The  brass,  where  specified,  must  be  of  good  tough  metal. 

GUN -METAL. 

The  gun-metal  used  must  be  composed  of  copper  8  parts,  tin 
1  part. 

WHITE   METAL. 

The  white  metal  must  be  composed  of  Dewrance's  anti-fric- 
tion metal. 

BOILER   PLATES. 

The  barrel,  smoke-box  tube  plate,  fire-box  casing  and  throat 
and  back  plates  of  fire-box,  also  all  dome  plates  and  butt  strips 
to  be  made  of  the  best  mild  steel  of  the  exact  dimensions,  both 
as  regards  form  and  thickness,  as  given  on  the  drawings.  To 
be  supplied  by  makers  approved  by  the  Railway  Company's 
Locomotive  Superintendent. 

Quality  — The  quality  of  the  material  to  be  that  generally 
known  as  mild  steel  plate,  and  to  be  free  from  silicon,  sulphur,  or 
phosphorus.  The  ultimate  tensile  strain  that  the  plates  will 
stand  to  be  not  less  than  25  nor  more  than  30  tons  per  square 
inch,  and  to  have  an  extension  of  not  less  than  23  per  cent,  in 
10  in. 

Manufacture. — All  plates  to  be  made  in  the  most  approved 
manner  from  ingots  hammered  on  all  sides,  and,  when  re-heat- 
ed, to  be  rolled  truly  to  a  uniform  thickness.  Both  sides  to  be 
perfectly  clean  and  free  from  pitting,  roll  marks,  scale,  dirl, 
overlapping,  or  other  defects.  Each  plate  to  be  taken  from 
the  rolls  at  a  full  red  heat,  and  allowed  to  cool  gradually  on  a 
flat  surface.  Each  plate  is  to  be  sheared  to  the  dimensions 
given,  and  in  no  case  to  be  sent  out  before  being  leveled  suffi- 
ciently true  for  machining.  All  plates  that  are  wavy  or 
buckled,  or  in  any  way  defective,  will  be  rejected,  and  must 
be  replaced  by  the  makers,  free  of  cost.  The  maker's  name 
and  date  of  manufacture  must  be  legibly  stamped  on  every 
plate,  and  not  nearer  the  edges  than  9  in. 

A  sample  or  test  plate  at  least  2  ft.  square  must  be  sent  in 
by  the  maker  asasampleof  what  will  be  supplied  in  the  plates 
to  be  made  under  this  contract,  together  with  a  complete 
analysis  of  the  same.  This  test  plate  is  to  be  4  in.  in  thickness, 
and  from  it  pieces  will  be  taken  for  proving  in  the  following 
manner  : 

Test. — A  piece  6  in.  long  will  be  bent  over  cold  until  the 
ends  meet  each  other  closely,  and  no  fracture  or  sign  of  failure 
is  to  be  observable  in  the  heel  of  the  bend.  Pieces  '■'>  in.  wide 
will  also  be  taken  and  a  Jin.  hole  punched  through  same, 
which  shall  stand  being  drifted  cold  by  taper  drifts  until  it 
reaches  l\  in.  in  diameter  without  the  edges  fraying  or  show- 
ins  signs  of  fracture. 

Samples  or  shearings  from  the  plates  must  be  tested  in  the 
presence  of  the  Railway  Company's  Locomotive  Superinten- 
dent or  his  Inspector,  on  the  premises  of  the  make]-,  whenever 
desired. 

The  barTel  and  firebox  casing  plates  to  be  thoroughly  an- 
nealed after  the  rivet  holes  are  punched. 

The  smoke-box  tube-plate,  throat  and  back  plates  of  the 
fire-box  to  be  thoroughly  annealed  after  they  have  been  both 
flanged  and  punched. 

BOILER   BARREL. 

The  boiler  barrel  is  to  be  cylindrical  and  butt  jointed,  and 
is  to  be  made  in  all  respects  as  shown  on  drawings  ;  it  is  to 
be  11  ft.  long  between  the  smoke-box  tube-plate  and  the  throat- 
plate  of  the  fire-box  shell.  4  ft.  4  in.  outside  diameter,  and 
composed  of  4  in.  plates.  The  longitudinal  joints  are  to  have 
inner  and  outer  covering  strips  double  riveted,  the  rivets  being 
placed  zigzag.  The  transverse  joint  to  have  an  exterior  steel 
weldless  ring  double  riveted.     Ring  to  be  turned   inside  to 


gauge  and  to  the  exact  diameter  necessary,  and  then  shrunk 
on.  All  studs  and  fittings  are  to  be  fixed  before  the'boiler  is 
tested. 

SMi  IKE-BOX   TUBE-PLATE. 

The  stnoke-box  tube-plate  is  to  be  £  in.  thick,  the  tops  and 
sides  of  the  plate  being  turned  forward  2|  in.,  forming  a  flange 
for  the  smoke-box,  and  is  to  be  secured  to  the  boiler  barrel  by 
a  continuous  weldless  ring  of  angle  steel  well  annealed,  and 
supplied  by  makers  to  be  approved  by  the  Railway  Company's 
Locomotive  Superintendent.  The  ring  must  be  faced,  bored 
and  turned  on  the  edges,  and  then  shrunk  on  the  boiler  barrel, 
and  is  to  be  double  riveted  to  the  same,  the  rivets  being  placed 
zigzag.  The  tube-plate  is  to  be  faced  where  it  is  joined  to  the 
boiler  steel  angle.  Eight  wash-out  plugs  are  to  be  inserted  in 
the  plate,  as  shown  on  drawing. 

KIRE-BGX   CASING. 

The  fire-box  casing  is  to  be  6  ft.  4  in.  long  and  3  ft.  10*  in. 
wide  outside  at  the  bottom,  and  to  be  5  ft.  below  the  center 
line  of  the  boiler.  The  top  and  sides  are  to  be  in  one  plate 
I  in.  thick.  The  back  plate  to  be  ^  in.  thick,  and  Hanged 
over  to  join  the  covering  plate.  The  front  or  throat  plate  is 
to  be  fe  in.  thick,  and  flanged  over  to  join  the  barrel. 

All  riveted  joints  in  fire  box  casing  to  be  double  riveted. 
The  expansion  brackets  are  to  be  riveted  to  the  sides  of  the 
fire-box  shell.  The  holes  in  fire-box  casing  plates  for  copper 
stays  are  to  be  drilled  and  then  tapped  to  form  a  good  thread. 


All  rivet  holes  to  be  punched  or  drilled  J  in.  in  diameter,  all 
rivets  to  be  of  the  best  Yorkshire  iron  with  a  breaking  strength 
of  not  less  than  22  tons  per  square  inch,  and  an  extension  of 
not  less  than  30  per  cent,  in  2  in.  Rivets  to  be  j§  in  in  diame- 
ter before  being  closed,  and  to  be  closed  wherever  possible  by 
a  hydraulic  pressure  of  at  least  30  tons,  so  that  they  properly 
fill  the  rivet  holes.  The  holes  in  the  plates  are  to  be  slightly 
countersunk  under  the  rivet  heads,  and  so  punched  that  when 
the  plates  are  in  the  proper  position  for  riveting  the  smaller 
dimensions  of  the  holes  shall  be  together  at  the  center  of  the 
joint.  All  holes  in  the  various  plates  and  angle  irons  must  be 
perfectly  fair  with  one  another,  and  must  not  be  drifted  in  any 
case  ;  should  any  of  the  holes  not  be  perfectly  fair  they  must 
be  rimered  out  until  they  become  so,  and  every  hole  must  be 
completely  filled  by  the  rivet.  The  holes  in  the  angle-irons  must 
be  marked  from  the  plates  and  drilled  (not  punched),  the  pitch 
of  rivets  and  lap  of  joints  being  in  all  cases  as  shown  on  drawing. 
Great  care  must  be  taken  that  the  plates  are  brought  well  to- 
gether before  any  rivets  are  put  in.  The  edges  of  all  the 
plates  are  to  be  planed  before  being  put  together.  Any  caulk- 
ing which  may  be  required  must  be  done  with  a  broad-faced 
tool,  care  being  taken  that  the  plates  are  not  injured  by  so 
doing. 

COPPER   FIRE-BOX    PLATES. 

The  copper  plates  to  be  of  the  very  best  quality  manufac- 
tured, and  to  be  supplied  by  makers  approved  by  the  Railway 
Company's  Locomotive  Superintendent,  of  the  exact  dimen- 
sions, both  as  regards  form  and  thickness,  as  given  on  the 
drawings. 

The  copper  plates  are  to  be  properly  annealed,  and  a  piece 
taken  from  each  plate  must  stand  the  following  tests — viz.  :     . 

The  ultimate  tensile  strain  to  be  not  less  than  13.5  tons  per 
square  inch,  with  an  elongation  of  not  less  than  40  per  cent, 
in  2  in. 

A  piece  6  in.  long  is  also  to  be  bent  double  when  cold,  with- 
out showing  signs  of  fracture  at  the  heel  of  the  bend. 

Tests  to  be  made  in  the  presence  of  the  Locomotive  Super- 
intendent of  the  Company  or  his  Inspector. 

INSIDE   FERE-BOX. 

The  inside  tire  box  is  to  beof  copper,  5  ft.  5A  in.  long  inside 
at  the  top,  and  5  ft.  7j  in.  long  inside  at  the  bottom  ;  the 
height  inside  at  the  noddle  of  the  box  is  to  be  5  ft.  !H  in.,  the 
width  inside  at  the  top,  3  ft.  6  in.,  and  at  the  bottom,  3  ft.  2^  in. 
The  tube-plate  is  to  be  1  in.  thick  where  the  tubes  and  barrel- 
stays  pass  through  it  ;  the  remaining  portion  is  to  be  reduced 
by  hammering  to  I  in.  thick,  and  is  to  be  flanged  back  to  join 
the  covering  plate.  The  back-plate,  which  must  be  j  in. 
thick,  is  to  lie  flanged  forward.  The  sides  and  top  are  to  be 
in  one  plate  and  }  in.  thick  ;  the  joints  are  to  have  21  in.  lap 
when  finished,  and  to  lie  single  riveted  with  fin.  iron  rivets, 
same  quality  a-  used  for  boiler.  All  the  joints  in  the  copper 
fire-box  are  to  be  hand  riveted.  Two  fusible  plugs  are  to  be 
fixed  in  the  crown  of  the  lire  box." 
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FIRE-HOLE   DOOR. 

The  ring  for  (he  fire-door  is  to  be  of  the  best  Yorkshire  iron, 
ami  is  to  be  circular  and  of  the  dimensions  shown  on  drawing. 
The  ring  is  to  be  riveted  to  the  fire-box  by  J  in.  rivets,  and  is 
to  project  i  in.  beyond  the  edges  of  the  plates,  which  must  be 
well  caulked.  The  fire-door  is  to  be  of  cast  iron,  formed  in 
two  halves,  and  made  to  slide  as  shown  on  drawing.  A 
wrought-iron  deflecting  plate  is  to  be  fixed  in  the  fire-door  hole 
as  shown.     Also  a  brick  arch  in  the  tire-box  as  shown. 

STAYS. 

The  outside  and  inside  fire  boxes  are  to  be  stayed  together 
on  all  sides  with  copper  stays  1  in.  in  diameter  and  13  threads 
per  inch,  made  from  best  soft  rolled  bars,  having  a  breaking 
strength  of  not  less  than  14  tons  per  square  inch,  with  an  ex- 
tension of  not  less  than  40  per  cent,  in  2  in.  properly  annealed, 
screwed  steam  tight  into  both  copper  and  steel  plates,  and 
afterward  riveted  over.  Great  care  must  be  taken  in  cutting 
off  the  ends  of  the  stays  so  as  not  to  injure  the  threads.  The 
pitch  of  the  copper  stays  to  be  about  a|  in.,  center  to  center, 
as  shown.  Great  care  must  be  taken  that  the  holes  in  the  out- 
side and  inside  boxes  are  exactly  opposite  one  another.  The 
barrel  stays  are  to  be  riveted  to  the  boiler  with  }-in.  rivets  and 


spelter.  The  tubes  are  to  be  inspected  by  the  Railway  Com- 
pany's Locomotive  Superintendent  or  his  Inspector,  and  sup- 
plied clean,  and  are  not  to  be  covered  with  paint  or  any  simi- 
lar coating.  The  maker's  name  to  be  clearly  stamped  on  the 
outside  of  each  tube.  The  tubes  are  to  be  expanded  by  a 
Dudgeon's  tube  expander,  and  ferruled  at  the  fire-box  end 
only.  At  the  smoke  box  end  the  tubes  are  to  stand  through 
the  plate  i  in. 

DOME. 

The  steam  dome  is  to  be  made  as  shown  on  drawing,  and  to 
he  providedwith  steel  cover.  The  dome  is  to  be  2  ft.  0  in.  in- 
side diameter,  and  2  ft.  2  in.  high  inside,  and  I  in.  thick.  The 
dome  is  to  be  made  in  one  plate  and  butt  jointed  as  shown. 
A  strengthening  plate  }  in.  thick  is  to  be  riveted  to  the  in- 
side of  the  boiler  under  the  dome  as  shown  on  drawing.  The 
hole  for  the  dome  is  to  be  19*  in.  in  diameter.  A  soft  steel 
manhole  seating  is  to  be  single  riveted  to  the  center  of  the  fire- 
box top,  and  fitted  with  a  cast-iron  cover  plate  formed  in  one 
with  the  safety-valve  columns.  The  cover  plate  and  manhole 
spating  are  to  be  accurately  faced,  so  that  a  perfect  steam-tight 
joint  can  be  made. 

REGULATOR. 

In  the  inside  of  the  dome  is  to  be  placed  a  cast-iron  regu- 


ikatihg  S^/>r«cc  of  Tubes        12*6  6    so 
D"  0'  fit-tea*      172  16 

Totai    1367  76 
c""    ""     'a   s"  "■-  I  £«(>•£     >{.<.ti     ».r«    21    »at,h 

Iff     ciass 


lb,    &     s,   wa    m* 

4  WHEELS   COUPLED   BOGIE   PASSENGER 
ENGINE   AND    TENDER. 


lEHDEH      WCIOMtO        WITH     Ta 
HEARIV      full  .        No      COAl. 


rf»0»      p  t  r 


I    S      Toms 


Tor*  t     Wciomt    Of    E  *  01 
Total    Weight   of    Ehgi 


«crr_ IS  .6  .3 

WQfiAIHC    ORDER     .  *8  .  13   .   2 


Total     Weight    or  rr«roej    tmnrv  .  ,  ,..~.  IS  .  13  . 

Total     Weicht    or   tehoeh    im  wqhhiho  onoto    33  .   4   . 


Dia*    Of  CrimOEiis  ...  19 
Stroke  or      D° 26' 


ORCC      01 


ToTAI 
ToTAI. 

Wtionr 
Whsht 

OF 

o  F 

EnGiHC     AKO      TtHOCR     t UPTr  ...  ._^, 

f  wc'MC    ano    TtnosR   m   <uotmiMH    oaol* 

SI 

IS 

n 

3 
2 

1 

SCAI  E( 

W    ADAMS 


rift    SuPtRlHT£HDl»T. 


secured  to  the  tube-plate  as  shown  on  drawing.  The  inner 
copper  fire-box  is  to  have  eight  roof  stay-bars  of  cast  steel  of 
approved  make  of  the  section  shown,  and  secured  to  it  by 
bolts  which  are  tapped  into  the  stays  only  as  shown  on  draw- 
ing. The  stays  are  to  bear  on  the  top,  back  and  front  plates, 
and  are  to  be  slung  where  shown  to  the  outer  shell.  The  back 
plate  of  the  fire-box  casing  and  the  smoke-box  tube-plate  are 
to  be  stayed  together  with  11  wrought-iron  longitudinal  stays 
li  in.  in  diameter  where  they  pass  through  the  back  plate, 
and  li  in.  in  diameter  for  the  remainder  of  their  length  ;  these 
stays  are  to  have  the  head  bedding  on  a  copper  washer  and 
screwed  into  the  fire-box  plate  ;  at  the  other  end  they  are  to  be 
secured  by  a  nut  bedding  on  a  copper  washer  on  each  side  of 
the  plate. 

TUBES. 

The  boiler  is  to  contain  240  brass  tubes,  of  a  brand  and 
manufacture  to  be  approved  by  the  Railway  Company's  Loco- 
motive Superintendent.  Each  tube  is  to  be  If  in.  outside 
diameter  expanded  at  smoke-box  end  to  1|  in.  outside  diameter 
for  a  length  of  3  in.  and  contracted  to  lj  in.  outside  diameter 
at  fire-box  end.  Each  tube  is  to  be  No.  11  Standard  W.  G. 
thick  at  the  fire-box  end  for  a  length  of  1  ft.  and  then  to  be 
drawn  tapered  to  No.  13  Standard  W.  G.  thick  at  the  smoke- 
box  end,  the  taper  being  on  the  inside  only,  the  outside  remain- 
ing parallel.  The  proportion  for  the  metal  in  the  tubes  to  be 
70  per  cent,  best  selected  copper,  and  30  per  cent,  best  Silesian 


lator  in  two  parts,  with  flanged  joint,  to  have  two  valves, 
main  valve  of  brass  and  the  easing  valve  of  cast  iron,  to  be 
worked  from  the  back  of  the  fire-box.  The  steam-pipe  lead- 
ing from  the  regulator  to  the  smoke-box  is  to  be  of  hard- 
drawn  copper,  No.  6  Standard  W.  G.,  5|  in.  inside  diameter, 
and  is  to  have  a  brass  flange  brazed  on  where  it  fits  into  the 
tube-plate  ;  the  other  end  of  the  pipe  to  have  a  brass  collar 
brazed  on,  and  is  to  be  secured  to  the  stand  regulator  pipe  as 
shown. 

WATER   SPACE. 

The  water  space  between  the  fire-box  and  shell  is  to  be  3  in. 
wide  at  the  foundation  ring,  and  is  to  be  enlarged  upward  to 
the  dimensions  shown  on  drawing. 


FOUNDATION    RING. 

a 

The  foundation  ring  is  to  be  of  best  Yorkshire  iron,  3  in. 
wide  X  2£  in.  deep,  and  riveted  to  the  inside  and  outside  fire- 
boxes with  j-in.  rivets,  snap-headed,  2-in.  pitch,  to  the  section 
as  shown  on  drawing. 

ASH-PAN. 

The  ash-pan  is  to  be  placed  below  the  fire-box  casing,  with 
movable  doors  and  perforated  dampers  at  the  bock  and  front, 
so  arranged  as  to  be  worked  from  the  back  of  tin-  fire-box, 
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The  handles  for  working  the  doors  are  to  be  placed  at  a  con- 
venient height  on  the  foot-plate  as  shown.  The  sides  are  to 
be  of  Jin.  plates,  and  the  bottom  of  J-in.  plate,  of  Best  Best 
Staffordshire  iron  ;  angle-irons  2  in.  X  2  in.  X  i5j  in.  thick, 
are  to  be  riveted  to  the  sides  and  bottom  with  J-in.  rivets. 
The  ash-pan  is  to  be  of  the  form,  and  fixed  in  the  manner 
shown,  by  angle-irons  4  in.  X  3  in.  X  i  in.,  and  cottared  pins 
screwTed  into  foundation  ring. 

FIKE-BARS  AND   CARRIERS. 

The  firebars  are  to  be  of  cast-iron,  of  the  form  and  dimen- 
sions shown,  and  the  carriers  of  wrought  iron  secured  to  the 
foundation  ring  in  the  manner  shown  on  drawing. 

SMOKE-BOX. 

The  smoke-box  is  to  be  of  the  form  and  dimensions  shown 
on  drawing.  The  sides  and  crown  are  to  be  f6  in.  thick,  rivet- 
ed to  the  flange  of  the  smoke-box  tube-plate.  The  front-plate 
is  to  be  in  one,  and  f  in.  thick.  An  angle-iron  2j  in.  X  2i 
in.  X  i  in.  thick  is  to  be  riveted  to  the  front  and  side-plates. 
A  hole  for  the  door  is  to  be  cut  in  the  front-plate  3  ft.  10  in. 
in  diameter.  The  door  is  to  be  of  Best  Best  Staffordshire  iron 
I  in.  thick,  protected  on  the  inside  with  a  shield,  placed  If  in. 
from  door.  Great  care  must  be  taken  that  the  door  when 
closed  is  made  a  perfectly  air-tight  joint.  The  cross-bar  is  to 
be  made  to  lift  out  of  forged  brackets,  which  are  to  be  riveted 
to  the  inside  of  the  front  of  the  smoke-box.  Two  handles  and 
a  gripping  screw  are  to  be  provided.  All  the  plates  are  to  be 
clean  and  smooth  and  well  ground  over.  All  rivets  are  to  be 
i  in.  in  diameter,  pitched  as  shown  on  drawing,  and  are  to  be 
countersunk  and  tiled  off  flush.  The  outside  handles  are  to  be 
finished  bright.  All  lamp-iron  brackets  are  to  be  fixed  as 
shown. 

CHIMNEY. 

The  barrel  of  the  chimney  is  to  be  of  good  smooth  Best  Best 
Staffordshire  iron  ±  in.  thick,  to  have  a  butt  joint,  and  is  to 
be  riveted  together  with  countersunk  rivets  down  the  back, 
having  a  hoop  of  half-round  iron  at  the  top  ;  the  bottom  is  to 
be  of  best  Yorkshire  iron  or  mild-steel  plates  $  in.  thick,  per- 
fectly free  from  hammer  marks,  and  accurately  fitted  to  the 
smoke-box.  The  height  of  the  top  of  the  chimney  from  rails 
is  to  be  13  ft.  2f  in. 

FRAMES  AND   AXLE-BOX   GUIDES. 

The  frames  and  frame  stay-plates  to  be  made  of  the  best  mild 
Bessemer  or  Siemens-Martin  steel,  supplied  by  makers  approved 
by  the  Railway  Company's  Locomotive  Superintendent,  and 
of  the  exact  dimensions,  both  as  regards  form  and  thickness, 
as  given  on  the  drawings. 

Quality.  —  The  quality  of  the  material  to  be  that  generally 
known  as  mild-steel  plate,  and  to  be  free  from  silicon,  sulphur, 
or  phosphorus.  The  ultimate  tensile  strain  that  the  plates 
will  stand  to  be  not  less  than  24  nor  more  than  30  tons  per 
square  inch,  with  an  extension  of  not  less  than  23  per  cent,  in 
10  in. 

Manufacture.— All  plates,  whether  made  by  the  Bessemer  or 
Siemens-Martin  process,  to  be  made  in  the  most  approved  man- 
ner from  ingots  hammered  on  all  sides,  and  when  reheated,  to 
be  rolled  truly  to  a  uniform  thickness.  Both  sides  to  be  per- 
fectly clean  and  free  from  pitting,  roll  marks,  scale,  dirt,  over- 
lapping, or  other  defects.  Each  plate  to  be  taken  from  the 
rolls  at  a  full  red  heat,  and  allowed  to  cool  gradually  on  a  flat 
surface.  Each  plate  is  to  be  sheared  to  tin-  dimensions  given, 
and  in  no  case  to  be  sent  out  before  being  leveled  sufficiently 
true  for  machining.  All  plates  that  are  wavy  or  buckled  or  in 
any  way  defective  will  be  rejected,  and  must  be  replaced  by 
the  makers,  freeof  cost.  The  maker's  name  and  dateof  manu- 
facture must  be  legibly  stamped  on  every  plate,  and  not  nearer 
the  edges  than  !l  in. 

A  sample  or  test  plate  at  least  2  ft.  square  must  be  sent  in 
by  the  maker  as  a  sample  of  what  will  be  supplied  in  the 
plates  to  be  made  under  this  contract,  together  with  a  com- 
plete analysis  of  the  same.  This  test  plate  is  to  be  i  in.  in 
thickness,  and  from  it  pieces  will  be  taken  for  proving  in  the 
following  manner : 

Test.  —A  piece  6  in.  long  will  be  bent  over  cold  until  the 
ends  meet  each  other  closely,  and  no  fracture  or  sign  of  failure 
is  to  be  observable  in  the  heel  of  the  bend.  Pieces  3  in.  wide 
will  also  be  taken  and  a  g-in.  hole  punched  through  same, 
which  shall  stand  being  drifted  cold  by  taper  drifts  until  it 
reaches  H  in.  in  diameter  without  the  edges  fraying  or  show- 
ing signs  of  fracture. 

Samples  or  shearings  from  the  plates  must  be  tested  in  the 
presence  of  the  Railway  Company's  Locomotive  Superintendent 
or  his  Inspector,  on  the  premises  of  the  maker  whenever  de- 
sired. 

All  the  plates  are  to  be  perfectly  level  and  straight  through- 


out, and  marked  from  one  template.  All  holes  are  to  he 
drilled  and  rimered  out  to  the  exact  sizes  given,  and  each  bolt 
and  rivet  must  be  turned  to  gauge,  and  fitted  into  its  place,  a 
good  driving  fit.  When  the  frames  and  cylinders  are  bolted 
together,  and  before  the  boiler,  wheels  and  axles  are  put  in 
their  places,  the  accuracy  of  the  work  must  be  tested  by  diago- 
nal, transverse  and  longitudinal  measurement. 

The  frames  are  to  be  placed  at  a  distance  of  3  ft.  Ill  in. 
apart,  and  to-be  stayed  at  the  leading  end,  in  front  of  the  driv- 
ing-wheels, and  in  front  of  the  firebox  by  steel  plates  and 
angle-irons,  and  by  a  cast-iron  foot-plate  at  the  trailing  end. 
The  steel  plate  stays  to  be  planed  to  the  exact  width  required, 
and  securely  riveted  to  the  frames  by  cold  rivets.  At  the  lead- 
ing end,  a  steel  casting  with  suitable  flanges  is  to  be  riveted  to 
the  frames  at  bottom,  with  }-in.  rivets  pitched  zigzag,  and  this 
casting  is  to  be  provided  with  a  boss  for  carrying  the  bogie 
center  pin.  This  boss  to  be  accurately  turned,  and  to  be  planed 
on  the  bottom  side,  to  suit  the  bogie  cross-slide.  This  casting 
must  be  perfectly  square  with  the  frames.  The  driving-wheels 
are  to  be  placed  'l  ft.  5  in.  in  front  of  the  fire-box.  The  driv- 
ing and  trailing  axle-box.  guides  to  be  provided  with  adjustable 
wedges  having  a  taper  of  1  in  10,  as  shown,  guide  and  wedge  to 
be  of  the  very  best  cast-steel  supplied  by  makers  to  be  ap- 
proved by  the  Railway  Company's  Locomotive  Superinten- 
dent. The  top  and  sides  are  to  be  in  one  piece,  free  from 
honeycomb  and  all  other  defects,  and  the  flanges  are  to  be 
planed  all  over  and  fitted  to  template  ;  they  are  to  be  fastened 
to  the  frame  with  bolts  1  in.  in  diameter,  accurately  turned 
and  driven  tight  in  the  holes.  The  horn  stays  are  to  be  at- 
tached to  the  guides  as  shown  on  drawing.  The  frames  must 
be  finished  with  a  good  smooth  surface  1  in.  thick,  and  the 
axle-box  guides  must  be  free  from  cross-winding  and  square 
with  the  engine  in  all  directions.  The  rubbing  plate  on  back 
end  of  frame  for  the  intermediate  buffer  is  to  be  of  wrought 
iron  case  hardened. 

BOGIE. 

The  bogie  is  to  he  made  of  the  form  and  to  the  dimensions 
shown  on  drawing.  The  wheels  are  to  be  placed  7  ft.  6  in. 
apart,  center  to  center.  The  frame  plates  are  to  be  of  the  same 
quality  as  those  specified  for  the  main  frames,  1  in.  thick  and 
placed  2  ft.  7J  in.  apart.  The  axle-box  guides  are  to  be  of  the 
very  best  cast  steel,  of  approved  make,  free  from  honeycomb 
and  all  other  defects.  The  flanges  are  to  be  planed  all  over, 
and  fitted  to  template.  They  are  to  be  fixed  to  the  frame  by 
bolts  i  in.  in  diameter,  accurately  turned,  and  driven  tight 
into  the  holes.  The  frames  are  to  be  firmly  secured  to  cast- 
steel  stay  with  f-in.  rivets,  zigzag  pitch.  Great  care  must  be 
taken  that  the  frames  when  put  together  are  perfectly  parallel 
and  at  right  angles  with  the  steel  stay.  The  cast-steel  cross- 
slide  is  to  be  planed  on  its  rubbing  surfaces,  and  bored  out  to 
receive  the  bogie  pin.  Each  side  controlling  spring  is  to  be 
laminated,  and  is  to  consist  of  16  plates,  21  in.  wide  and  -fc  in. 
thick.  They  are  to  be  made  of  the  very  best  quality  of  spring 
steel,  manufactured  from  Swedish  bar  iron.  Each  spring  must 
be  thoroughly  tested  before  being  put  into  its  place  by  being 
weighted  with  2  tons,  and  on  the  removal  of  this  weight  it 
must  resume  its  original  form.  The  top  plate  of  each  spring 
must  be  stamped  with  the  maker's  name  and  date  of  manufac- 
ture, and  be  to  the  same  specification  as  the  driving  and  trail- 
ing springs.  The  plates  are  to  be  properly  fitted  and  tem- 
pered, and  are  to  be  prevented  from  shifting  side  or  end  ways 
by  nibs  stamped  upon  them.  The  buckles  are  to  be  sound 
forgings,  and  are  to  fit  the  springs  accurately,  and  are  to  he 
well  secured  by  a  short  wroughtiron  pin  driven  while  hot 
through  a  hole  in  the  top  of  the  buckle,  and  with  a  hole  in  the 
top  plate.  Through  the  center  of  the  casting  forming  the 
bogie  pin  a  wrought-iron  pin  3  in.  in  diameter  is  to  pass,  fitted 
at  the  bottom  end  with  a  nut  and  washer  ;  the  hole  in  the  stay 
is  to  be  elongated  to  allow  for  the  lateral  motion  of  the  cross- 
slide.  Each  spring  cradle  is  to  be  made  of  two  Yorkshire  iron 
plates  6  in.  deep,  1-J  in.  thick,  with  cast-iron  distance  pieces 
riveted  between  them  at  each  end;  these  cast-iron  pieces  are 
to  be  provided  with  means  of  lubrication,  and  are  to  be  shaped 
to  rest  on  the  saddles  funned  on  the  top  of  the  axle-boxes. 
The  springs  are  to  be  coupled  to  the  beams  by  hooks  as  shown, 
the  pins  through  the  hooks  are  to  be  of  steel,  and  the  eyes  of 
the  hooks  are  to  be  case  hardened.  The  brackets  holding  the 
springs  are  to  he  of  Yorkshire  iron,  and  are  to  be  bolted  to  the 
frames  with  1  -in.  turned  bolts  driven  in  a  tight  fit.  The  whole 
of  the  work  is  to  be  of  the  best  description,  and  the  bogie, 
when  finished,  must  be  perfectly  square  and  free  from  cross 
windings  and  according  to  drawings. 

MOTION  PLATE. 

The  motion  plate  to  be  of  the  very  best  cast  steel,  of  ap- 
proved make,  thoroughly  annealed,  to  be  {  in.  thick,  planed 
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and  secured  to  the  frames  by  i-in.  turned  rivets,  countersunk 
and  riveted  cold.  The  motion  plate  to  be  properly  faced  for 
the  attachment  of  the  slide-bars,  and  to  be  as  shown  on  draw- 
ing. 

FOOT-STEPS    AND   HAND-RALLS. 

Foot-steps  and  hand-rails  are  to  be  fixed  on  each  side  of  the 
engine  in  the  manner  shown.  The  hand-rails  to  be  carried 
round  front  of  smoke-bos,  and  to  be  1J  in.  outside  diameter. 
The  hand-rail  pillars  are  to  be  fixed  to  forged  brackets,  which 
are  to  be  studded  to  the  boiler  as  shown.  The  foot-steps  are 
to  be  roughed,  and  the  hand-rails  to  be  finished  bright. 

PLATFOR1I   AND   SPLASHERS. 

The  platforms  are  to  be  of  Best  Best  Staffordshire  iron  J  in. 
thick-,  secured  to  frame  as  shown  on  drawing.  The  splashers 
are  to  be  of  plate  iron  f\  in.  thick,  of  the  form  and  to  the  di- 
mensions shown  on  drawing,  the  rivets  to  be  f  in.  in  diameter 
flush  outside.     Angle-irons  to  be  H  m-  X  H  'n-  X  i  in. 

CAST-IRON   FOOT-PI.ATE. 

A  cast-iron  foot-plate  is  to.be  fitted  between  the  frames  at 
the  trailing  end,  to  be  of  good  hard  metal,  free  from  all  de- 
fects. The  casting  to  be  fixed  to  the  frames  by  bolts  1  in.  in 
diameter,  to  have  suitable  holes  drilled  to  receive  the  draw  and 
safety  link  pins,  as  shown  on  drawing. 

SA^TD -BOXES. 

Two  cast-iron  dry  sand-boxes  to  be  provided,  one  on  each 
side,  in  front  of  the  driving-wheels.  They  are  to  be  so  arranged 
that  the  valves  can  be  worked  together  by  suitable  gearing 
from  the  foot-plate  ;  the  valves  are  to  be  circular.  Sand  pipes 
are  also  to  be  fixed  as  shown  ;  the  sand  to  be  led  within  3  in. 
of  the  rails  by  wrought-iron  pipes  li  in.  inside  diameter.  The 
general  arrangement  of  sand-boxes  and  gear,  and  the  details  of 
the  valves  and  gear  to  be  as  shown  on  the  drawings. 

BUFFER   PLATES. 

The  buffer  plates  are  to  be  of  steel,  same  quality  as  speci- 
fied for  frames,  T  ft.  11  in.  long,  1  ft.  Tj  in.  deep,  and  li  in. 
thick,  and  are  to  be  riveted  to  the  stays  and  angle-irons  on  the 
inside  and  outside  of  frames,  as  shown  on  drawing. 


The  buffers  are  to  be  of  cast  iron  to  this  company's  pattern. 
The  buffer  springs  are  to  consist  of  three  Spencer's  No.  119 
india-rubber  cylinders,  to  this  company's  pattern. 

The  buffers  are  to  be  placed  at  a  distance  of  5  ft.  9  in.  apart, 
center  to  center,  and  at  a  height  of  3  ft.  6  in.  from  the  rail 
level. 

DRAG  HOOKS,  SCREW   COUPLINGS   AND   SIDE  CHAIN-. 

The  drag-hook  is  to  be  furnished  with  Spencer's  india-rub- 
ber cylinder  No.  6,  to  this  company's  pattern.     The  hooks, 
screw  couplings,  and  side  chains  are  to  be  of  best  iron,  chain- 
cable  quality,  and  according  to  drawing. 
(to  be  continued.) 


THE    HANDLING   OF    FUEL    ON    THE    FRENCH, 
ENGLISH  AND  BELGIAN  RAILWAYS.* 


By  M.  Julllan. 

£ 

(Continued from  page  568,  Volume  LXVII.) 


FUEL   HANDLING   WITH   ELEVATORS. 

Arrangements  of  the  Paris,  Lyons  &  Mediterranean  Com- 
pany.— The  conditions  surrounding  the  coal  handling  of  the 
Paris,  Lyons  &  Mediterranean  Company  are  almost  identically 
the  same  as  those  of  the  Northern  Company,  as  far  as  the  mul- 
tiplicity of  the  quality  of  the  coal  is  concerned.  The  manage- 
ment has,  therefore,  recognized  that  it  is  of  the  utmost  impor- 
tance that  the  mixture  should  be  well  made,  and  have  adopted 
an  arraugement  which  -will  be  described  later  on,  by  which 
this  mixing  is  done  mechanically.  They  have  at  present  only 
one  of  these  mixing  shops  in  operation — that  at  Pont-de  l'Ane, 
near  St  Etienne  ;  another  one  will  soon  be  built  at  Courbesac. 
The  cars  are  run  into  the  station  loaded  with  lumps  or  mixtures 
of  various  kinds  of  coal,  and  even  with  fine  pieces,  and  they 
are  delivered  just  as  they  come,  though  lump  and  fine  coal  is 
given  to  the  engineers  in  proportions  fixed  by  the  engineer  in 
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charge  of  the  motive  power.  It  can  thus  be  taken  directly 
from  the  cars  where  haste  is  necessary,  or  from  the  coal  heaps 
where  such  heaps  are  built  up.  As  a  general  rule,  the  Paris, 
Lyons  &  Mediterranean  coaling  stations  are  platforms,  where 
loading  is  done  with  a  basket.  There  are  only  two  plants  at 
which  the  tenders  are  loaded  mechanically. 

Dijon  Dep»t.  —  Figs.  IT  to  21  show  the  coaling  arrangements 
at  the  Dijon  depot.  It  is  located  in  two  angular  spaces  next 
to  each  other,  but  separated  by  a  track  reserved  for  coal  cars, 
and  bounded  on  one  side  of  the  angle  by  the  track  for  incom- 
ing engines,  and  the  second  by  a  track  which  is  used  for  the 
movement  of  cars.  The  space  between  the  two  car  tracks  is 
used  exclusively  for  coal  heaps,  and  will  hold  about  14,000  tons 
of  different  classes  of  fuel.  In  the  triangular  space  bounded 
by  the  engine  track  a  plant  for  mechanically  handb'ng  the  coal 
has  been  located.  The  fuel  platform  is  built  of  masonry  ;  it 
has  a  height  of  14  ft.  9  in.  above  the  rails,  a  length  of  155  - 
ft.,  and  a  breadth  of  37  ft.  5.6  in.  It  is  cut  up  by  a  system  of 
narrow-gauge  tracks  with  a  gauge  of  1  ft.  7.7  in.  arranged  in 
the  following  manner  :  A  rectangular  belt  line  runs  along  the 
four  sides  of  the  platform,  with  a  turn-table  at  each  corner  ; 
then  10  tracks  of  the  same  gauge  and  parallel  to  the  short  side 
of  the  rectangle  unite  the  two  long  sides  by  means  of  turn- 
tables. This  platform  is  bounded  by  a  balustrade  in  which 
there  are  four  openings  on  the  side  under  which  the  engines 
run.  These  four  openings  are  intended  for  gangways  through 
which  the  fuel  can  be  dumped  into  the  tender.  The  gang- 
ways are  arranged  as  follows  :  The  opening  in  the  balustrade 
is  formed  along  the  sides  and  at  the  heap  by  a  kind  of  inclined 
bridge  standing  at  an  angle  of  60°  with  the  floor  of  the  plat- 
form, and  made  of  angle  and  star  iron  :  a  small  fixed  gangway 
having  a  length  of  1  ft.  9.6  in.,  and  of  an  angular  form,  rests 
upon  the  floor  of  the  platform,  is  riveted  to  the  bottom  of 
the  lifting  bridge,  and  stands  at  an  angle  of  45°Vith  a  horizon- 
tal. Finally,  next  to  this  fixed  gangway  there  is  another  which 
is  movable  about  an  axis  parallel  with  the  edge  of  the  plat- 
form ;  the  second  gangway  can  be  lowered  or  raised  at  will  by 
means  of  a  chain  operated  by  a  small  winch  located  on  one  of 
the  standards  of  the  bridge  and  connected  by  [pulley  attach- 
ments to  the  center  of  the  opening  of  the  gangways.  The  con- 
nection of  the  movable  gangway  to  the  fixed  gangway  is  made 
by  means  of  rings,  so  as  to  permit  a  lateral  motion  which  can 
be  obtained  by  pulling  upon  the  chains  fastened  to  the  back 
end  of  the  movable  gangway  and  the  balustrade  of  the  plat- 
form. 

The  coal  is  carried  in  lorries  holding  1,000  lbs.  each,  and 
like  those  built  by  Decauville.  A  steam  or  lift  elevator  is  lo- 
cated in  the  narrow  space  at  the  left  end  of  the  platform  for 
raising  and  lowering  a  cage  between  the  level  of  the  depot 
tracks  and  the  platform  tracks.  This  elevator  is  operated  by 
a  4-H.P.  machine,  that  gives  it  a  speed  of  7.9  in.  per  second 
with  a  filled  lorry  when  going  up,  and  of  9.8  in.  in  coming 
down.  Finally,  at  the  level  of  the  depot  tracks  and  parallel 
with  the  tracks  upon  which  the  cars  are  placed  for  distribu- 
tion, two  narrow-gauge  tracks  are  located  which  are  connect- 
ed together  and  to  the  track  which  runs  across  the  elevator 
by  means  of  turn-tables. 

"  The  work  of  loading  the  tenders  is  done  in  the  following 
war  : 

The  empty  lorries  are  run  over  a  narrow-gauge  track  near- 
est the  cars, "and  are  filled  by  the  shovelers  with  shovels  ;  they 
are  then  run  on  the  track  nearest  the  platform  and  on  to  the 
elevator,  which  raises  them,  one  after  the  other,  to  the  level 
of  this  platform.  They  first  run  over  the  belt  line  parallel  to 
the  cars,  which  are  being  unloaded,  to  a  scale,  where  the  head 
shoveler  adjusts  their  loads  until  they  contain  1.000  lbs.,  and 
then  they  are  shunted  on  to  one  of  the  cross  tracks. 

When  an  engine  is  run  in  to  be  loaded,  the  shoveler  lowers 
the  movable  gangway  to  the  tender,  takes  the  lorries  and  runs 
them,  one  after  the  other,  by  the  belt  line  up  to  a  point  in 
front  of  the  gangway,  empties  them,  and  pushes  them  down 
along  the  belt  line,  whence  they  are  run  out  on  to  the  elevator 
and  taken  down.  - 

Time  Consumed  in  the  Work.— The  maximum  number  of  lor- 
ries which  can  be  raised  per  hour  is  32— that  is  to  say,  the 
work  is  so  organized  that  they  can  lower  32  lorries,  till  them, 
and  replace  them  on  the  platform  tracks  in  an  hour.  As  to  the 
length  of  time  of  unloading  the  lorries  into  the  tender,  it  varies 
from  20  seconds  (when  the  lorry  is  standing  near  the  gang- 
wav)  to  one  minute,  when  it  is  some  distance  off,  and  it  is 
necessarv  to  run  it  over  double  turn-tables. 

At  Dijon  the  work  on  the  mechanically  operated  platform 
emplovs  65  lorries  and  is  done  by  12  men— six  by  day  and  six 
by  night.  The  average  amount  of  coal  distributed  for  each 
24  hours  ranges  from  150  to  16^  tons.  In  order  to  facilitate 
the  night  service,  a  brilliant  electric  light  system  has  been  in- 
stalled upon  the  platform,  where  there  is  an  arc  light  of  250 
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candle  power.  As  we  have  just  explained  the  manner  in 
which  the  fuel  is  taken  from  the  car  and  loaded  upon  the 
tender,  and  the  time  which  this  work  occupies,  it  now  remains 
to  speak  of  those  other  operations,  which  consist  in  dumping 
the  coal  into  the  heaps  and  taking  it  from  the  same.  The  coal 
is  put  upon  the  heaps  with  the  shovel  by  means  of  a  wheelbar- 
row or  basket.  The  cars  to  be  unloaded  are  run  upon  the 
track  alongside  the  coal  pile,  and  further  removed  from  the 
platforms."  Sometimes  it  is  possible  to  shunt  them  upon  ihe 
track  which  runs  directly  alongside  the  pile  ;  this  is  I  lie  ease 
when  the  pile  that  is  to  be  builf  up  is  not  located  opposite  the 
platform. 

In  order  to  take  the  coal  from  the  piles  and  load  it  on  the 
engines,  two  methods  are  used.  When  that  portion  which  is 
to  be  used  is  opposite  a  lorry  track  the  shovelers  throw  the  coal 
upon  the  floor  with  a  shovel  and  load  it  from  the  floor  into  the 
lorries.  When  the  coal  is  some  distance  from  the  lorn-  tracks, 
however,  they  first  carry  it  either  in  baskets  or  wheelbarrows 
to  a  car  which  is  run  as  near  as  possible  to  the  point  where  the 
work  is  done,  and  it  is  then  hauled  on  to  the  track  near  that  of 
the  lorries. 


tracks.  As  there  was  no  ['lace  for  building  up  a  storage  pile. 
it  was  necessary  to  supplement  it  by  a  special  arrangement, 
which  constitutes  the  original  portion  of  the  plant. 

The  engine  track,  as  well  as  that  of  the  cars,  was  run  alonir 
the  edge  on  the  long  sides  of  the  trapezoid,  and  the  platform 
occupies  a  space  left  between  these  two  tracks  without  any 
space  between  for  the  location  of  the  narrow  sauge  tracks 
which  are  used  for  the  movement  of  the  lorries.  These  irark  - 
are  placed  parallel  to  that  of  the  cars,  but  in  the  very  limited 
left  between  the  wall  of  the  elevator  building  and  the 
wall  of  the  platform  built  along  the  small  end  of  the  trapezoid. 
The  platform  itself,  like  that'of  Dijon,  stands  14  ft.  0.3  in. 
above  the  ground  ;  it  is  built  on  masonry  dropping  down  into 
the  ground  to  a  depth  of  31  ft.  8  in.,  and  offering  the  following 
peculiarities  : 

Four  chambers  of  equal  dimensions  are  built  along  the 
length  of  the  foundation,  and  serve  for  storing  coal  :  above 
the  ground  these  chambers  take  the  form  of  a  parallelopipedon, 
with  a  breadth  of  from  22  ft.  l.T  in.  to  27  ft.  1  in.,  and  a  depth 
of  15  ft.  9  in.  ;  below  the  surface  of  the  ground  they  are  pris- 
matic in  form,  and  the  bottom  is  arranged  in  the  form  of  a 
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The  cost  of  loading  from  the  car  direetlyjukf  the  tender,  in- 
cluding the  handling  of  the  cars,  runs  from  $.0668  to  $.073  per 
ton.  To  this  expense  of  $.0668  or  $.073  a  general  annual  ex- 
pense for  the  mechanical  work  of  the  platfonm  must  be  added, 
namely  : 

Fireman  and  elevator  man,  about 

Maintenance  of  engines 76 

Fuel  and  oil 

In  all  about $1,026 

A  platform  has  also  been  built  at  Dijon  for  loading  engines 
with  bask  -     the  mechanical  methods  should  fail  for 

any  reason,  and  for  loading  switching  engines,  which  cannot 
alsvavs  take  the  different  fuels  in  quantities  of  1.000  ll>s. 

Depot  at  M  —Figs.  22  to  27  show 

that  the  space  available  for  this  coaling  station  was  very  limit- 
ed, and  consists  merely  of  a  trapezoid  whose  parallel  sides 
have  a  length  of  V.i  ft.  -!..j  in.  and  36  ft.  1.1  in.,  and  a  height 
of  157  ft  li  in.  A  plant  for  the  mechanical  handling  of 
w  i>  built  upon  this  trapezoid,  and  is  arranged  in  almost  iden- 
tically the  sine-  manner  as  that  of  the  Dijon  depot.  Every- 
thing which  has  been  aaid  relative  to  the  Dijon  depot  ap 
to  this  one,  and  there  is  nothing  to  lie  added  unless  it  is  that 
there  are  two  gangways  for  distributing  to  the  locomotive 


hopper.  Above  the  ground  they  are  open  on  the  side  toward 
the  car  track  and  enclosed  by  a  plank  partition  on  the  engine 
side.  Below  these  chambers  and  along  the  whole  length  of 
the  foundation  there  is  a  vaulted  gangway,  on  the  floor  of 
which  two  narrow  gauge  tracks  are  laid.  Each  of  these  four 
chambers  open  on  to  this  gangway  by  means  of  small  win- 
dows closed  by  registers.  Finally,  a  cross  track,  located  at 
one  end  of  the  gangway  on  the  elevator  end.  makes  a  connec- 
tion between  the  two  tracks  by  means  of  turn  tables  and  the 
elevator,  so  that  cars  can  be  run  out  into  the  elevator  1 

The  various  operations  are  conducted  in  the  following  man- 
ner : 

•  /.  —  As  at  Dijon,  the  lor- 
ries are  run  upon  a  narrow-gauge  track  nearest  the  cars  to  be 
unloaded,  filled,  raised  by  the  elevator  until  they  are  level  with 
the  platform,  shunted,  etc. 

/•'./■,;. ..  th.  Underground  CAam&ers.— Each  chamber  will  hold 
about  300  tons  of  fuel,  so  that  there  is  storage  capacity  in  them 
for  1,200  tons  of  coal.  The  cars  to  Ik-  unloaded  are  run  up 
opposite  the  openings  and  unloaded  with  the-  shovel. 

h  /  aultl. — The  lor 

ries  are  lowered  into  the  vaulti  ay  and  run  opposite 

the  register  of  the  vaults  ;  the  ahovelera  till  them  by  opening 
the  register  to  t he  platform  and  then  run  them  upon  the  other 
rack  and  have  them  hoisted,  by  means  of  the  elevator.     From 
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this  time  they  are  handled  exactly  as  if  the  fuel  had  been  taken 
from  a  car. 

The  work  at  this  station  is  done  with  75  lorries  of  1,000  lbs. 
capacity  each,  and  from  10  to  14  men  are  employed,  six  of 
them  working  at  night.  The  cost  of  loading  from  the  car  on 
to  a  tender,  including  the  handling  of  the  cars,  is  about  $.072 
per  ton.  The  expense  of  operating  the  motor,  its  maintenance, 
together  with  that  of  the  lorries, "is  practically  the  same 'as  at 
Dijon  ;  but  the  interest  and  depreciation  of  capital  invested  in 
the  plant  will  be  greater,  for  the  construction  of  the  subter- 
ranean vaults  was  very  expensive  in  consequence  of  the  diffi- 
culties which  were  met  with  in  doing  the  masonry  work. 

The  system  which  has  just  been  described,  and  which  has 
been  applied  at  Dijon  and  Marseilles,  insures  a  very  rapid  load- 
ing of  the  tender  ;  they  show  the  same  saving  whenever  the 
fuel  is  loaded  directly  from  the  cars  upon  the  tender,  but  when 
it  is  necessary  to  take  it  from  piles,  the  saving  is  less.  With 
the  system  adopted  at  Marseilles  there  is  still  a  considerable 
saving  when  coal  is  taken  from  the  set  of  large  vaults  ;  but  in 
this  case  the  first  cost  of  the  plant  is  greater.  The  general  dis- 
advantage which  is  presented  by  this  system  is  its  first  cost,  and 
the  fact  that  it  is  not  readily  adapted  to  the  formation  of  stor- 
age piles.  The  plant  could  be  very  much  simplified  by  doing 
away  with  the  tracks  upon  the  platform,  and  this  simplifica- 
tion would  render  the  system  similar  to  that  adopted  in  Eng- 
land, and  would  have  the  advantage  of  more  rapid  unloading 
of  the  lorries  into  the  tenders. 

Mixing  Works  at  Pont  de-l'Ane.— It  is  proposed  at  this  shop 
to  accomplish  mechanically  and  automatically  the  mixing  of 
the  several  qualities  of  coal,  and  the  loading  of  this  mixture  on 
to  cars.  The  plant  is  composed  of  two  parts,  one  where  the 
mixing  is  done,  and  the  other  where  the  mixture  is  loaded  on 
to  the  cars. 

The  Mixer. — The  arrangements  where  the  mixing  is  done  is 
very  similar  to  the  subterranean  vaults  at  the  Marseilles  coal- 
ing station.  There  is  a  construction  along  one  side  that  is 
divided  into  seven  spaces,  open  above,  and  with  hopper  bot- 
toms opening  at  the  bottom  into  a  vaulted  gangway.  The 
cars  to  be  unloaded  are  stationed  upon  a  track  located  along 
the  upper  platform  and  as  near  as  possible  to  the  opening  of 
the  hopper.  The  bottom  of  each  hopper  communicates 
throughout  its  whole  length  with  a  vaulted  gangway  by  an 
opening  4  ft.  7  in.  wide  extending  along  the  whole  breadth  of 
the  chamber.  In  this  opening  and  running  its  whole  length  is 
a  drum  which  is  driven  by  a  powerful  steam  engine.  Above 
this  drum,  and  extending  the  whole  length  of  the  gangway, 
there  is  a  large  endless  belt,  which  is  driven  by  the  same  motor. 
The  upper  half  of  this  belt  rests  upon  a  series  of  small  rollers 
which  hold  it  up,  and  it  moves  between  two  small  plank  par- 
titions with  a  very  slight  play. 

The  mixing  operation  is.  therefore,  accomplished  in  the  fol- 
lowing manner  :  The  hoppers  are  rilled  with  a  shovel  with  the 
different  qualities  of  coal  to  be  mixed,  and  the  motor  is  start- 
ed ;  the  wheels  at  the  bottom  of  the  hoppers  break  up  the  coal 
and  cause  it  to  drop  down  upon  the  endless  belt  at  the  same 
time  ;  and  the  latter,  in  passing  under  the  first  vault,  receives  a 
layer  of  coal  from  it,  and  then,  passing  under  the  second,  it  is 
covered  with  a  new  layer  with  another  kind  of  fuel,  and  thus 
under  each  vault  in  such  a  way  that  when  it  arrives  at 
the  end  of  its  run  it  is  covered  with  seven  layers  of  different 
qualities. 

Automatic  Loading. — The  endless  belt,  when  it  readies  the 
end  of  its  run,  dumps  these  layers  of  caal  with  which  it  is 
charged  into  a  new  hopper,  the  opening  of  which  is  opposite  a 
conveyer.  In  this  way  the  fuel  carried  bv  the  endless  belt 
can  be  dumped  into  the  buckets  of  the  conveyer.  The  latter 
raises  the  fuel  to  a  height  of  72  ft.  and  12  ft.  8  in.  above  the 
tracks  of  the  upper  platform.  When  the  buckets  reach  the  top 
they  dump  themselves  into  another  hopper,  which  carries  the 
fuel  into  the  cars  standing  at  the  upper  platform  upon  a  track 
parallel  to  that  of  the  cars  which  are  unloading.  The  Pont- 
de-l'Ane  coaling  station  mixes  from  sot)  to  900  tons  of  coal 
a  day,  and  uses  16  coal  dischargers,  three  different  operations, 
and  a  horse,  with  its  driver,  for  the  handling  of  the  cars. 

The  cost  per  ton  of  coal,  unloaded  into  the  vaults,  mixed 
and  reloaded  into  a  car,  may  be  divided  as  follows  : 

Expense  of  hand-work,  including  the  foreman,  per  ton.  $.034 

Motor,  oiling,  loading 004 

Maintenance  of  plant 01 

Total $.048 

This  cost  is  less  than  that  of  mixing  with  a  crane,  as  done 
by  the  Northern.  Kail wav  Company, 

The  Paris,  Lyons  &  Mediterranean  Company  have  built  at 
Courbesac,  in  the  basin  of  the  Card,  a  similar  mixer,  with  a 
slight  modification  in  detail.     The  unloading  cars  are  run  upon 


a  track  over  the  vaults  themselves,  so  as  to  be  able  to  unload 
from  two  sides  at  the  same  time.  The  expense  will,  therefore, 
be  a  little  less.  The  other  parts  of  the  plant  are  similar  to 
those  of  the  Pont-de  l'Ane.  These  plants  are  evidently  very 
carefully  designed  and  well  built,  and  they  will  insure  a  thor- 
ough mixing  at  a  slight  expense  ;  but  it  is  necessary  to  remark 
that  they  can  only  be  applied  to  particular  cases,  where  they 
can  be  built  near  several  lines  which  furnish  the  coal  to  be 
mixed,  and  where  they  are,  therefore,  not  obliged  to  carry  on 
a  supplementary  transportation.  Furthermore,  they  are  Very 
expensive  in  first  cost  and  must  be  guaranteed  constant  work, 
for  each  day  that  they  stand  idle  will  result  in  a  very  sensible 
loss. 

Conclusions. — In  looking  over  the  various  plants  which  have 
just  been  described,  we  can  see  that  none  of  them  shows  a  full, 
general,  and  complete  solution  of  the  problem  of  the  rapid 
and  economical  handling  of  coal.  Each  system  has  been  built 
with  a  view  of  accomplishing  certain  set  conditions,  others 
being  laid  to  oue  side.  If  we  look  at  it  simply  from  the  stand- 
point of  ease  and  rapidity  in  loading  on  the  tender,  the  sim- 
plest and  most  economical  is  that  which  has  been  adopted  in 
England,  consisting  in  running  the  cars  either  upon  the  fuel 
platform  or  alongside  of  it,  and  accomplishing  the  loading  of 
the  tender  by  means  of  lorries  of  1,000  lbs.  capacity,  which 
are  run  in  any  direction  on  account  of  the  absence  of  tracks  on 
the  platforms.  From  the  different  reports  which  have  been 
gathered  together  it  seems  that  with  this  process  the  loading 
of  a  tender  with  a  ton  of  coal  can  be  done  in  less  than  one  min- 
ute, and  that  the  cost  will  be  from  $  05  to  $.066,  according  to 
circumstances,  and  that  the  plant  required  is  not  very  expen- 
sive ;  taking  all  things  into  consideration,  therefore,  it  is  nec- 
essary to  give  the  preference  to  the  arrangements  of  the  North 
British  and  the  Caledonian  Railway,  both  of  which  arrange- 
ments permit  the  cars  to  be  run  upon  the  platform.  It  is  cer- 
tain that  this  system  has  an  advantage  in  the  rapid  loading  of 
tenders,  even  when  taking  the  fuel  from  coal  piles — in  fact,  it 
is  sufficient  to  make  arrangements  so  as  to  always  have  on  the 
platform  either  fuel  lorries  or  cars  which  are  easily  unloaded  ; 
but,  then,  the  supplementary  handling  necessitated  by  this 
method  of  operation  results  in  an  increase  of  cost  of  fuel  as  de- 
livered to  the  tender. 

The  system  adopted  by  the  Paris,  Lyons  &  Mediterranean 
Company  is  somewhat  similar  to  the  preceding  one,  though  it 
is  not  so  simple,  and  is  far  more  expensive  ;  the  movement  of 
the  lorries,  their  rising  to  the  platform  by  means  of  elevators 
very  sensibly  increases  the  expense  of  operation,  and  further- 
more the  system  of  tracks  located  upon  the  platform  is  the 
cause  of  delay  in  handling  the  lorries,  and  consequently  in 
creases  the  time  required  for  filling  the  tenders.  This  system 
has,  nevertheless,  an  advantage  over  the  preceding  one  in  that 
it  can  be  built  anywhere,  and  does  not  require  a  great  extent 
of  ground  for  the  construction  of  the  incline  ;  it  even  permits, 
as  at  Marseilles,  the  construction  of  a  coaling  station  upon  a 
piece  of  ground  which  is  too  small  for  an  ordinary  station. 
Yet  it  is  necessary  to  bear  in  mind  that  the  amount  of  coal  that 
can  be  stored— that  is,  1,200  tons— is  insufficient  to  cover  the 
amount  delivered  at  so  important  a  depot  as  that  of  Marseilles. 

Finally,  the  Paris,  Lyons  <fc  Mediterranean  system  has  an 
advantage  over  all  of  the  systems  which  have  been  examined 
into,  in  that  the  weight  of  coal  delivered  to  the  engines  can  be 
controlled,  and  consequently  the  weight  received  from  the 
mines  on  the  cars  verified. 

We  come  at  last  to  the  Northern  system,  which  differs  en- 
tirely from  the  two  preceding  ones.  In  adopting  this  system 
it  seems  that  they  have  sacrificed  rapidity  of  loading  to  a  cer- 
tain extent,  and  that  they  have  attempted  to  secure  an  economi- 
cal method  of  mixing  at  the  same  station.  The  Northern  Kail- 
way  Company  is  not  situated  in  exactly  the  same  way  as  the 
Paris,  Lyons  ifc  Mediterranean  ;  the  coal  which  they  use  comes 
from  all  points  of  the  system,  and  they  could  not  think  of 
establishing  a  central  mixing  plant,  for  the  transportation  to 
this  plant  would  increase  the  cost  of  the  fuel  far  beyond  the 
benefits  to  be  derived.  They  have,  therefore,  been  obliged  to 
adopt  a  system  of  mixing  on  the  spot,  and  think  that  they 
have  obtained  a  good  solution  of  it  by  the  use  of  the  cranes. 
The  object  does  not  appear  to  have  been  completely  attained, 
since  in  almost  all  the  depots  the  unloading  is  clone  with  the 
shovel  ;  but  it  is,  nevertheless,  true  that  in  those  places  where 
the  unloading  of  the  coal  into  storage  piles  is  adopted  abso- 
lutely, the  use  of  the  crane  for  loading  the  tenders  constitutes 
the  cheapest  method,  if  not  the  most  expeditious  that  can  be 
employed.  Finally,  it  may  not  be  useless  to  recall  the  disad- 
vantages which  exist,  in  that  it  does  not  permit  of  a  careful 
control  over  the  fuel  which  is  delivered  to  the  engineers,  and 
requires,  especially  at  night,  more  time  for  loading  the  tcuders. 
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I  have  been  asked  by  the  Committee  on  Publication  of  the 
Society  to  contribute  a  paper  to  this  first  meeting  dealing  with 
the  matters  covered  by  the  title  I  have  chosen.  I  presume  I 
have  been  asked  to  do  this,  both  because  I  have  been  identified 
with  the  building  of  our  new  vessels  almost  from  the  start  and 
also  on  account  of  my  official  position,  which  naturally  gives 
me  opportunities  for  procuring  information  not  open  to  all. 
Although  much  of  what  I  shall  give  is  not  new  and  has 
already  appeared  in  print,  in  reports  of  the  Department  and 
elsewhere,  still  a  resume  of  the  whole  subject  will  perhaps  be 
convenient  and  save  the  trouble  of  hunting  up  the  data  in  so 
many  places. 

The  bu'lding  of  our  new  Navy  began,  of  course,  with  what 
are  known  as  the  Roach  cruisers,  the  Chicago,  Boston,  Atlanta, 
and  Dolphin,  in  1883,  but  I  shall  not  pay  very  much  attention 
to  these,  as,  while  they  were  the  first  of  our  new  ships,  there 
is  nothing  particularly  novel  about  their  machinery,  except 
where  it  would  call  for  rather  unfavorable  criticism,  and  I 
shall  therefore  begin  my  account  of  the  machinery  of  our  new 
vessels  with  those  which  were  built  under  Secretary  Whitney's 
administration. 

The  earliest  of  our  ships  were  gunboats  and  protected 
cruisers,  and  in  order  to  get  the  machinery  below  the  protec- 
tive deck  the  engines  were  of  the  horizoutal  type.  Later, 
when  the  idea  of  fitting  the  vertical  armor  around  the  cylin- 
ders had  been  advanced,  thus  enabling  vertical  engines  to  be 
used,  we  adopted  them,  and  have  faithfully  adhered  to  them, 
except  in  the  single  case  of  the  ram  Katuhdin,  where  the  cir- 
cumstances of  the  case  were  such  as  to  compel  the  use  of  hori- 
zontal engines.  I  ought  to  say,  however,  that  our  engines  all 
come  below  the  protective  deck,  so  that  no  vertical  armor  is 
used,  as  is  the  case  in  England. 

It  is  hardly  necessary  for  me  to  point  out  in  such  a  meeting 
as  this  the  advantages  of  the  vertical  engine  over  the  horizon- 
tal, although  I  would  by  no  means  give  the  impression  that 
our  horizontal  engines  are  otherwise  than  very  satisfactory. 
Indeed,  the  long  cruises  made  by  such  vessels  as  the  Philadel- 
phia, Yorktown,  Baltimore,  and  San  Francisco,  leaving  the 
machinery  in  admirable  condition,  show  that  these  horizontal 
engines  were  very  satisfactory. 

There  are  so  many  able  minds  working  at  the  problem  of 
the  best  design  for  machinery  that  the  matter  has  been  pretty 
thoroughly  developed,  leaving  very  little  for  an  ingenious  de- 
signer except  some  change  in  matters  of  detail. 

Passing  for  a  moment  the  questions  of  weight  and  space 
for  machinery,  one  of  the  most  important  considerations  for 
high-power  ships  is  the  matter  of  economy  at  ordinary  cruis- 
ing speeds.  In  the  old  days,  where  the  maximum  speed  was 
perhaps  12  knots,  it  was  a  very  easy  matter  to  run  at  8  knots 
with  at  least  the  same  and  probably  greater  economy  than  at 
full  power,  but  in  our  modern  ships,  built  to  make  18  and  20 
knots,  it  is  a  very  different  thing  to  reduce  the  speed  to  10 
knots.  The  friction  alone  of  moving  the  immense  pistons  and 
other  moving  parts  of  the  16,000  H.  P.  engine  when  it  is  de- 
veloping perhaps  only  1,500,  deducts  a  very  large  amount  from 
the  gross  H.P.  and  leaves  the  net  a  very  small  fraction.  Be- 
sides the  matter  of  friction,  there  is  to  be  taken  account  of  the 
immense  cylinder  condensation  in  these  large  engines  running 
at  greatly  reduced  power  and  with  high  grades  of  expansion. 
This  would  reduce  the  economy  very  decidedly. 

Various  methods  have  been  attempted  to  solve  this  problem, 
perhaps  the  earliest  of  which  was  the  idea  o:  having  two  sets 
of  engines  on  the  same  shaft,  one  of  which  could  be  thrown 
out  at  reduced  powers.  This  was  first  done,  as  far  as  I  now 
remember,  in  the  Italian  battle-ships  Italia  and  Lepanto,  but 
has  been  since  repeated  in  numerous  others  and  is  used  in  our 
own  vessels,  the  New  York  and  Brooklyn.  Another  method, 
which  naturally  suggested  itself  when  the  number  of  cylinders 
Was  multiplied  in  the  adoption  of  the  triple-expansion  engine, 
was  the  cutting  out  of  the  low-pressure  cylinder  at  reduced 
powers  and  running  as  a  compound  engine  with  the  two 
smaller  cylinders  of  the  original  triple-expansion  engines. 
This  would  then  work  up  to  somewhere  near  the  full  power 
of  the  cylinders  of  that  size  with  a  reduced  pressure,  so  that. 
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while  not  neatly  as  economical  as  well-designed  triple-expan- 
sion engines  for  the  power  which  was  actually  being  used,  it 
would,  nevertheless,  be  more  economical  that)  the  large  triple- 
expansion  engines  working  at  very  much  reduced  ppwer. 
This  method  we  have  adopted  on  our  armored  cruiser,  the 
Maine,  and  I  believe  it  is  in  use  on  a  Russian  cruiser  and  some 
other  vessels. 

The  next  method  which  suggested  itself  is  the  subdividing 
of  the  very  large  power  among  three  engines  instead  of  two, 
giving  us  the  triple-screw  ship,  so  that  at  very  low  speeds 
only  the  central  engine  need  be  used,  the  propellers  of  the 
side  engines  being  disconnected  and  allowed  to  revolve  freely. 
Of  course,  in  this  case  there  is  the  loss  due  to  the  work  neces- 
sary to  drag  these  propellers  through  the  water,  and  to  offset 
this  is  the  gain  from  saving  the  friction  of  running  two  large 
engines  in  a  twin-screw  ship.  The  experiments  by  Chief  En- 
gineer Isherwood  at  the  Mare  Island  Navy  Yard  in  1874.  on 
the  power  necessary  to  turn  screw  propellers  when  discon- 
nected and  allowed  to  revolve  freely,  show  that  the  loss  in  this 
way  is  very  slight,  and  there  can  be  little  doubt  that  this  will 
by  no  means  be  equal  to  the  power  which  would  be  absorbed 
in  the  friction  of  the  large  moving  parts  of  two  large  engines. 
Then,  as  has  already  been  pointed  out,  we  shall  have  a  single 
engine  working  up  to  pretty  nearly  its  full  power,  when  the 
steam  economy  would  be  good,  while  in  the  case  of  the  two 
large  engines  working  at  very  reduced  powers  the  steam 
economy  reduced  by  condensation  would  be  very  low.  The 
first  of  our  triple-screw  cruisers,  the  Columbia,  has  just  had 
her  official  trials,  which  have  been  a  great  success  as  far  as 
working  at  maximum  power  is  concerned.  Of  course,  there 
has  been  no  opportunity  yet  to  determine  the  economy  of 
working  at  reduced  powers  by  the  use  of  a  single  screw,  hut 
by  a  study  of  the  logs  of  the  New  York  and  the  Columbia  for 
a  couple  of  years  we  shall  be  able  to  form  a  very  clear  idea  as 
to  which  of  these  methods  is  the  better  one  for  economy. 

Still  another  very  ingenious  method  of  combining  an  engine 
which  shall  be  fairly  economical  at  full  power  with  one  which 
shall  have  good  economy  at  moderate  powers,  is  the  engine 
which  we  have  just  designed  to  go  in  gunboat  No.  7  of  our 
Navy,  intended  for  service  in  a  light-draft  gunboat.  The 
primary  conception  of  this  idea  is  due  to  Professor  Hollis,  of 
Harvard  University,  until  recently  one  of  my  assistants  in  the 
Bureau  of  Steam  Engineering,  and  the  subsequent  working 
out  has  been  under  my  direction  and  modified  to  suit  all  the 
circumstances  of  the  case. 

In  this  case  it  was  desired  to  combine  as  many  desirable 
features  as  possible,  so  that  the  machinery  was  not  only  to  be 
economical,  but  to  be  very  light.  With  this  latter  end  in  view, 
more  than  two-thirds  of  the  boiler  power  is  in  the  shape  of 
tubulous  boilers,  whose  weight,  as  is  well  known,  is,  roughly 
speaking,  only  half  that  of  the  ordinary  cylindrical  boiler. 
The  special  novelty  in  the  design  consists  in  having  the  engine 
designed  as  a  quadruple-expansion  engine  for  full  power, 
taking  steam  to  the  high-pressure  cylinders  from  the  coil 
boilers,  while  the  remainder  of  the  boiler  power,  which  con- 
sists of  two  cylindrical  boilers,  will  furnish  steam  to  the  first 
receiver,  a  reducing  valve  being  fitted  so  that  the  pressure  in 
the  receiver  will  tie  just  equal  to  the  pressure  of  the  steam 
discharged  from  the  high-pressure  cylinder.  Of  couise,  while 
this  is  entirely  novel,  it  is  really  an  extension  of  the  idea  which 
has  obtained  for  some  time  of  exhausting  from  the  auxiliaries 
into  the  receivers.  This  provides  for  full  power.  At  reduced 
powers  the  engines  will  be  made  triple-expansion  by  discon- 
necting the  large  low-pressure  cylinders,  leaving  the  triple- 
expansion  engines  composed  of  the  three  smaller  ones,  and  the 
cylinders  have  been  designed  so  that  they  have  good  propor- 
tions for  economical  working  asa  triple-expansion  engine  with 
steam  at  160  lbs.  The  cylindrical  boilers  are  designed  to  fur- 
nish steam  at  this  pressure,  while  the  coil  boilers  will  furnish 
to  the  high-pressure  cylinders  of  the  quadruple-expansion  en- 
gine steam  at  250  lbs.  pressure.  Naturally  they  can  work  at 
reduced  pressures,  so  that  either  of  the  cylindrical  boilers  or 
any  of  the  coil  boilers  may  lie  used  to  furnish  steam  for  the 
triple-expansion  engine  at  moderate  spei  ds. 

This  question  of  economy,  at  moderate  powers,  is  a  more 
complicated  one  than  would"  seem  to  be  the  case  at  first  sight. 
Doubtless,  we  have  all  thought  of  the  fact  that  the  multiplies 
tion  of  auxiliaries,  independently  of  the  main  engine  on  board 
ship,  has  involved  considerable  steam  consumption  which  was 
nut  applied  directly  to  propulsion,  but,  SO  tar  as  I  am  aware, 
the  matter  had  never  been  considered  in  great  detail  until  Pro- 
fessor Hollis.  then  a  Passed  Assistant  Engineer  in  the  Navy, 
discussed  it  about  a  vcar  ago  in  some  lectures  he  delivered  at 
the  Naval  War  College.  In  a  table  which  he  gives,  based 
on  the  performance  of  machinery  with  which  he  had  had 
personal  experience,  showing  the  percentage  of  steam  de- 
veloped by  the  boilers  applied  to  propulsion  and   to  auxil- 
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iaries  at  various  speeds,  it  can  lie  seen  at  a  glance  that, 
at  low  powers,  the  proportion  expended  in  auxiliaries  is  very 
large.  This,  of  course,  has  a  very  material  effect  on  the  eco- 
nomical speed  ami  the  steaming  radius.  In  fact,  it  vitiates 
entirely  the  theoretical  calculations  which  are  made  for  radius 
of  action  by  simply  taking  the  II. P.  of  the  main  engine  at 
various  speeds,  and  allotting  a  certain  coal  consumption  for 
each  II. P  .  ami  [hen  working  out  from  the  bunker  capacity. 
For  one  of  our  ships,  where  the  radius  of  action  has  been  com- 
puted at  about  35,000  knots  at  a  speed  of  10  knots,  I  had  the 
calculation  more  carefully  done,  allowance  being  made  for 
steam  for  the  auxiliaries,  and  found  that  in  reality  the  steam- 
ing radius  would  probably  not  exceed  11,000  knots. 

In  this  connection  it  is  well- to  note  a  matter  which  has 
already  been  discussed  a  good  deal  recently  in  regard  to  the 
desirability  of  detaching  all  the  auxiliaries  from  the  main  en- 
gine. As  we  all  remember  very  well.  20  years  ago  all  the 
pumps  were  driven  from  the  main  engine.  Then,  as  speeds 
increased,  one  pump  after  another  was  disconnected  from  the 
main  engine,  until  finally  it  was  left  with  nothing  to  do  ex- 
cept to  turn  the  propeller,  and  as  far  as  smooth  working  is 
concerned,  nothing  more  could  be  desired.  Xow  it  is  a  ques- 
tion of  economy  that  confronts  us,  and  we  are  driven  to  con- 
sider whether  we  have  done  wisely  in  driving  pumps  by  simple 
engines,  which  are  very  wasteful  in  steam  instead  of  from  the 
main  engine,  which,  when  well  designed  and  properly  man- 
aged, is  vastly  more  economical.  The  relative  expenditure  of 
steam  in  the  two  types  is  shown  by  the  fact  that  some  feed- 
pumps which  were  carefully  tested  took  120  lbs.  of  steam  per 
H.P.,  while  even  in  our  naval  engines,  which  are  not  as  eco- 
nomical as  the  best  merchant  engines,  we  probably  got  a  H.P. 
for  about  20  lbs. 

e  At  the  recent  meeting  of  the  International  Engineering  Con- 
gress at  Chicago,  Mr.  Dickie,  of  the  Union  Iron  Works,  made 
a  very  strong  presentation  of  the  case  for  making  the  air-pump 
an  integral  part  of  the  design  of  the  main  engine,  and  I  would 
refer  those  of  you  who  care  to  go  into  this  matter  at  length  to 
his  excellent  paper.  He  has  given  the  matter  careful  consider- 
ation, and  believes  that  by  a  judicious  design  the  air-pump 
can  be  made  to  work  at  any  speeds  likely  to  occur  with  large 
engines  with  as  great  efficiency  as  when  worked  indepen- 
dently and,  of  course,  with  a  vast  increase  of  economy. 

This  leads  me  to  speak  of  a  design  recently  prepared  by  one 
of  my  assistants,  Passed  Assistant  Engineer  Frank  H.  Bailey. 
U.  S.  X.,  of  an  air-pump  specially  designed  to  be  run  from 
the  main  engine  of  torpedo-boats  and  other  fast-running  en- 
gines. This  pump  has  already  been  tested,  and  under  adverse 
circumstances  gave  a  vacuum  of  21  in.,  at.  a  speed  of  1,000 
revolutions  per  minute.  This  speed  is  higher  than  anything 
that  has  yet  been  attempted,  although  we  are  now  building 
some  torpedo-launches  which  are  to  run  at  a  speed  of  nearly 
700  revolutions  per  minute.  These  boats  will  have  Mr.  Bailey's 
air-pump. 

Thus  far  I  have  dwelt  principally  on  the  matter  of  steam 
economy  in  our  engines  as  modifying  the  types  and  arrange- 
ment of  cylinders,  but  I  want  now  to  speak  with  regard  to 
another  point  which  has  in  recent  years  become  of  primary 
importance — namely,  weight  and  space.  Modern  machinery 
which  does  not  give  at  least  10  H.P.  per  ton  is  considered 
behind  the  age,  and.  as  we  all  know,  in  torpedo-boat  machinery 
the  figures  run  very  much  higher  than  this,  to  as  much  as 
40  H.P.  per  ton.  I  think  we  are  all  agreed  that  as  long  as  the 
demand  for  reduction  of  weight  is  made  in  a  reasonable  way 
every  one  should  accede  in  it,  because  manifestly,  if  we  could 
cut  our  weights  in  half  for  the  same  power,  there  would  be 
that  much  more  weight  available  to  be  put  into  guns,  or  armor 
or  coal  for  a  man-of-war,  or  into  paying  freight  for  the  mer- 
chantman. It  is  a  question  in  my  mind  whether  the  demand 
in  the  past  has  not  sometime-  been  slightly  unreasonable  and 
led  to  rather  unfortunate  results,  but  1  am  glad  to  say  that  in 
our  own  service  we  have  been  entirely  free  from  any  such 
misfortunes. 

The  boilers  have  always  been  the  heaviest  part  of  the 
machinery,  and  here  naturally  the  greatest  efforts  have  been 
made  to  reduce  weight.  The  one  with  which  we  have  all 
become  so  familiar  in  the  last  10  or  15  years  has  been  forced 
draft.  It  seems  somewhat  odd  that  we  should  in  effect  have 
followed  the  lead  of  our  English  neighbors  in  this  last  intro- 
.  duction  of  forced  draft,  when,  as  a  matter  of  fact,  the  famous 
Colonel  Stevens  introduced  it  in  the  early  part  of  this  century, 
aud  it  has  been  in  use  for  years  on  the  steamboats  on  the  Hud- 
son. Then,  too,  during  our  late  war.  Engineer  in  Chief  Isher- 
wood  built  10  gunboats  of  the  Cliippetrn  class,  which  were 
also  fitted  with  ash-pit  forced  draft.  In  any  ease,  the  practice 
had  fallen  into  disuse,  until  it  was  finally  reintroduced  by  the 
torpedo-boat  builders  aud  then  taken  up  by  tin-  English  naval 
authorities.     Since  then  every  navy  in  the  world  has  gone  in 


for  forced  draft,  and  to  some  extent  it  has  been  applied  in  the 
merchant  service  also,  and,  in  fact,  bids  fair  to  become  pretty 
generally  used. 

I  am  a  firm  believer  in  the  benefits  of  forced  draft  when  in 
telligently  applied,  and  have  no  patience  with  the  people  who 
blow  hot  and  blow  cold  on  the  subject  (as  I  have  unfortunately 
been  compelled  to  experience  during  the  last  10  years),  who, 
because  an  accident  occasionally  happens  with  forced  draft, 
immediately  say  that  it  is  an  invention  of  the  evil  one  aud 
that  it  ought  to  be  abolished  altogether.  The  same  line  of 
argument  would  probably  prevent  our  using  any  modern 
methods  in  any  line  of  work. 

As  between  the  two  methods  of  forced  draft  in  most  com- 
mon use — that  by  closed  fire  rooms  and  by  closed  ash-pits — I  am 
decidedly  in  favor  of  the  latter  when  it  can  be  applied.  I 
make  this  proviso  for  the  reason  that  some  may  at  once  ask  . 
why,  if  I  am  a  believer  in  ash-pit  forced  draft,  nearly  all  of 
our  large  vessels  recently  designed  have  forced  draft  on  the 
closed  fire-room  system.  It  is  simply  because  in  a  war  vessel 
with  a  protective  deck  and  minute  water-tight  subdivision  it 
is  extremely  difficult,  where  there  is  a  number  of  large  boilers, 
to  so  arrange  the  blowers  for  closed  ash-pit  forced  draft  as  to 
ventilate  the  fire-room  thoroughly.  This  is  a  point  which  is 
sometimes  forgotten,  but  if  it  is,  the  fire-room  would  simply 
become  intolerably  hot,  and  while  the  boilers  themselves  will 
work  admirably,  the  men  will  simply  be  killed  by  the  heat. 
The  San  Fi-ancisco  of  our  Navy  has  ash-pit  forced  draft,  and 
all  who  have  had  experience  on  her  and  on  other  vessels  speak 
in  the  highest  terms  of  praise  of  the  greater  facility,  conven- 
ience, and  comfort  which  attends  this  method. 

It  is  to  be  noted,  also,  with  this  method  of  forced  draft,  that 
when  there  is  any  care  at  all  taken  in  the  fire-room  to  keep  the 
grate-bars  covered,  leaky  tubes  in  the  combustion  chamber 
are  unknown,  ivhile  with  the  closed  fire-room  forced  draft 
tiny  are  not  at  all  uncommon. 

I  shall  forego  the  temptation  to  dwell  on  this  matter  of 
leaky  tubes,  merely  saying  that  we  have  been  very  fortunate 
in  escaping  almost  entirely  every  trouble  of  this  kind,  which 
I  attribute,  in  a  large  degree,  to  the  fact  that  we  have  not  at- 
tempted to  get  too  much  work  out  of  our  boilers,  and  will 
pass  on  to  speak  of  another  method  of  forced  draft  which  is 
very  old,  but  which  has  only  been  used  on  board  ship  within 
the  last  year  or  two.  I  refer  to  the  matter  of  high  smoke 
pipes.  Tall  chimneys  are  the  most  common  method  on  shore 
for  getting  a  strong  draft,  but  prejudice  or  conservatism  has 
until  recently  prevented  the  application  of  this  practice  to  use 
on  board  ship.  The  Messrs.  Denny,  of  Scotland,  well  known 
for  their  enterprise  in  all  matters  relating  to  shipbuilding,  were 
the  first  to  call  prominent  attention  to  this  matter  by  a  vessel 
built  by  them  called  the  Scot,  which  had  smoke  pipes  120  ft. 
high  above  the  grate  and  no  other  attempt  to  force  the  draft. 
I  do  not  know  that  any  accurate  experiments  have  been  made 
with  smoke  pipes  of  steamers  to  determine  just  what  the  in- 
crease in  draft  is  for  each  increase  in  height,  but  it  has  been 
repeatedly  stated  that,  roughly  speaking,  we  may  assume 
10  ft.  of  "additional  height  to  be  equivalent  to  an  additional 
one-eighth  of  an  inch  of  air  pressure.  It  can  readily  be  seen, 
therefore,  what  a  benefit  an  additional  40  ft.  of  height  would 
be. 

Taking  the  suggestion  made  by  the  Scot,  when  we  were  de- 
signing the  Brooklyn  and  the  l'ir<i,  I  asked  to  have  the  smoke 
pipes  made  100  ft.  high,  in  which  I  was  heartily  seconded  by 
the  Chief  Constructor  of  the  Navy  ;  but  it  will  perhaps  sur- 
prise you  to  learn  that  our  professional  opinions  recommend- 
ing this  matter  came  very  near  being  overturned  by  the  artistic 
sense  of  a  gentleman  in  the  Navy  Department,  who  was  en- 
tirely ignorant  of  technical  matters,  but  who  thought  that  the 
vesseL's  appearance  would  be  spoiled  by  these  high  smoke 
pipes.  He  so  represented  the  matter  to  the  Secretary  that  the 
latter  required  me  to  submit  the  reasons  why  I  desired  to  use 
these  high  smoke  pipes.  This  I  did.  As  showing  the  general 
feeling  on  this  subject,  I  need  only  call  attention  to  the  fact 
that  the  Campania  and  Lucania  have  smokepipes  130  ft.  high, 
and  no  other  method  of  forced  draft,  and  I  may  say  that  all 
our  new  vessels  are  now  being  built  with  pipes  of  much 
greater  height  than  formerly  obtained. 

Another  method  of  forced  draft  which  is  now  coming  into 
vogue  is  that  known  as  induced  draft,  where,  instead  of  clos- 
ing in  the  fire-room  or  the  ash-pit  and  forcing  air  in,  the  prod- 
ucts of  combustion  are  exhausted  from  the  chimney  by  large 
fans.  Of  course  this  is  only  another  way  of  getting  the  same 
effect  that  we  get  by  the  use  of  the  steam  jet,  and  with  which 
we  have  all  been  familiar  for  many  years,  the  advantages  in 
this  case  1»  ii)Lr  that  there  is  no  loss  of  fresh  water,  which  is  a 
precious  commodity  on  board  ship.  At  a  hasty  glance  one 
would  not  be  prepared  to  expect  very  much  from  this  method, 
but  the  experiments  which  have  been  making  for  some  years 
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past  in  England  by  Messrs.  John  Brown  &  Co.  seem  to  show 
that  this  method  is  very  promising,  and  I  understand  it  is  to 
be  fitted  to  some  or  all  of  the  large  vessels  which  are  now 
building  for  the  International  Navigation  Company. 

The  discussion  thus  far  of  reduction  of  weight  assumes  that 
the  boilers  themselves  are  not  changed  materially  otherwise 
than  for  the  fitting  of  the  forced  draft  appliances,  but  the 
question  has  been  a  very  vital  one  for  some  time  past,  and  is 
now  of  extreme  importance  whether  we  shall  not  entirely 
abandon  the  present  types  of  boilers  and  adopt  a  very  much 
lighter  one  by  using  what  are  called  coil  or  tubulous  boilers. 
This  matter  has  been  discussed  so  much  by  so  many  able 
minds,  that  it  is  unnecessary  for  me  to  go  into  the  matter  at 
length  here.  We  all  know  the  great  advantages  of  these 
boilers  in  the  way  of  immense  reduction  of  weight,  safety 
against  disastrous  explosions,  rapidity  with  which  steam  can' 
be  raised,  absolute  safety  against  injury  from  any  amount  of 
forcing,  and  the  case  with  which,  if  necessary,  a  boiler  can  be 
removed  and  replaced.  Almost  the  only  objection  appears  to 
be  the  fear  that  they  will  not  be  durable,  because  of  the  fact 
that  they  are  composed  almost  entirely  of  very  Shin  tubes,  and 
our  experience  with  these  tubes  in  ordinary  boilers  has  not  been 
such  as  to  lead  us  to  expect  a  very  long  life  from  the  coil 
boilers.  However,  some  coil  boilers  have  been  in  use  for  five 
or  six  years  without  showing  appreciable  deterioration,  and  a 
few  have  been  used  with  fresh  water  entirely  for  more  than 
10  years. 

We  are  treating  this  matter  on  a  large  scale  on  the  Monti  n  y, 
where  we  have  four  coil  boilers  of  the  Ward  type  in  connec- 
tion with  two  cylindrical  boilers.  These  boilers  have  given 
great  satisfaction  in  their  trials,  and  the  cruise  of  the  Monterey 
will  demonstrate  the  matter  of  their  durability.  I  may  say 
that,  in  my  opinion,  if  the  experience  with  the  coil  boilers  on 
the  Monterey  and  on  other  sea-going  vessels  should  prove  to 
be  entirely  satisfactory,  it  will  only  be  a  short  time  until  the 
cylindrical  boilers  will  be  almost  entirely  displaced. 

While  on  this  question  of  weight,  we  must  not  forget  the 
engines  themselves,  where  the  weights  have  also  been  very 
materially  reduced.  As  we  are  all  well  aware,  this  has  been 
due  to  three  causes  :  an  increase  of  steam  pressure,  an  increase 
of  piston  speed,  and  the  use  of  stronger  materials.  Piston 
speeds  have  more  than  doubled  in  the  last  15  years,  and  our 
larger  vessels  are  now  running  with  piston  speeds  of  about 
950  ft.  per  minute,  while  some  of  the  smaller  ones,  like  the 
torpedo-boats,  are  designed  for  a  piston  speed  of  over  1,000  ft. 
If  materials  should  go  on  improving  so  that  we  can  reduce  the 
weight  of  our  reciprocating  parts,  I  see  no  reason  why  piston 
speeds  should  not  be  increased  still  more,  which,  of  course, 
would  result  in  still  further  reducing  weights.  If  we  adopt 
the  coil  boiler  generally  we  shall  also  carry  very  much  higher 
steam  pressures,  because  we  already  are  carrying  pressures  of 
250  lbs.  in  some  of  our  torpedo-boats  with  great  success.  We 
have  greatly  reduced  the  weight  of  most  of  the  engines  by  the 
use  of  forged  steel  for  piston  and  connecting-rods,  valve-stems 
and  shafting,  an'd  cast  steel  for  pistons,  valves,  bed-plates,  and 
frames,  but  there  does  not  at  present  seem  to  be  much  pros- 
pect of  displacing  cast  iron  as  the  metal  for  cylinders.  If  this 
should  come  about,  we  could  still  further  reduce  our  weights, 
and,  if  nickel  steel  should  within  the  next  10  years  become  as 
commonly  used  as  mild  steel  is  now,  we  would  have  a  big  re- 
duction in  weight  all  around.  In  fact,  these  questions  of  high 
piston  speeds  and  better  material  hang  together  for  the  reason 
that  the  limit  to  piston  speeds  is  now  placed  by  the  weight  of 
the  reciprocating  parts,  whose  inertia  will  be  so  great  after 
passing  a  certain  speed  that  for  the  early  part  of  the  stroke 
the  piston  would  be  giving  out  no  work,  but  simply  be  dragged 
around.  If  the  reciprocating  parts  can  be  reduced  in  weight, 
of  course  the  speed  can  be  increased  until  the  limit  is  again 
reached. 

One  matter  which  has  been  of  great  interest  to  all  engineers 
has  been  the  coal  consumption  on  full  power  trials.  We  are 
all  very  familiar,  doubtless,  with  the  claim  we  constantly  hear 
that  a  good  triple-expansion  engine  with  high-pressure  boilers 
gives  a  II. P.  for  li  lb.  of  coal.  Our  own  results  have  never 
approached  this,  and  estimates  of  the  coal  burned  on  trial 
trips  also  tend  to  disprove  it.  Finally,  we  were  able  on  some 
of  our  trials  to  get  thoroughly  accurate  results  with  the  assist- 
ance of  the  contractors,  by  having  the  coal  weighed  in  bags 
of  100  lbs.  each,  which  could  be  counted  as  they  were  emptied 
and  then  again  counted  after  the  trial  was  over.  In  another 
case  a  supplementary  coal  consumption  trial  was  made  with 
half  the  boilers,  and  every  effort  was  made  to  keep  the  condi- 
tions exactly  the  same  as  on  the  full  power  trials,  in  that  the 
air  pressure  was  the  same  and  the  engines  were  run  so  as  to 
work  off  all  the  steam  formed.  As  a  result  of  these  trials  we 
found  that  the  consumption  for  full  power  was  more  than 
2  lbs.,  and  in  some  cases  as  high  as  2.G  lbs. 


In  one  of  my  Annual  Reports  to  the  Secretary  of  the  Navy, 
I  called  attention  to  the  cause  of  this  difference  between  the 
economy  of  war  vessel  machinery  and  that  of  merchant  ves- 
sels, and  we  happened  to  have  very  reliable  data  which  had 
been  published  of  the  peiformance  of  a  particularly  economi- 
cal merchant  vessel,  which  was  tested  by  a  committee  of  the 
English  Institution  of  Mechanical  Engineers  under  the  super- 
intendence of  Professor  A.  B.  W.  Kenned}',  F.R.S.  I  may 
call  attention  to  the  fact  that  in  this  ship,  the  lona,  the  boiler 
has  a  ratio  of  heating  to  grate  surface  of  75  to  1,  which  I  think 
tells  the  whole  story.  In  our  war  vessels  we  can  never  exceed 
a  ratio  of  about  35  to  1.  and  then  at  full  power  we  burn  a 
very  much  larger  amount  of  coal  per  square  foot  of  grate, 
thus  making  our  up-take  temperatures  very  much  higher  than 
they  were  on  the  lona,  so  that  a  large  amount  of  heat  must 
have  gone  up  the  chimney  without  doing  any  useful  work. 
I  may  say  that  these  coal  consumption  tests  at  full  power 
were  the  first  that  had  ever  been  made,  and  I  have  not  learned 
of  any  others  having  been  made  since.  It  of  course  involves 
considerable  trouble  and  some  expense,  and  it  is  only  right 
that  the  Government  should  be  the  one  to  meet  the  expense, 
for  the  information  was  certainly  of  great  value. 

Another  matter  which  has  attracted  considerable  attention 
in  connection  with  the  trials  of  our  new  vessels  has  been  the 
correction  of  the  H.P.  calculated  from  the  indicator  cards 
based  on  the  standardization  of  the  indicators. 

The  early  vessels  for  our  Navy  were  contracted  for  with 
the  understanding  that  they  were  to  develop  a  certain  H.P. 
The  contractors  felt  that  with  an  agreed  steam  pressure  to  stait 
with  and  known  sizes  of  cylinders  they  could  confidently  guar- 
antee that  they  would  develop  a  certain  H.P.,  but  we  had  at 
that  time  no  reliable  data  on  which  to  base  our  speeds,  all  our 
information  being  of  foreign  ships,  and,  while  I  do  not  for  a 
moment  pretend  to  say  that  their  trials  are  not  conducted  with 
every  effort  to  secure  fairness,  we.  of  course,  did  not  know  all 
the  circumstances,  as  we  have  since  about  our  own  ships,  and 
so  might  be  pardoned  for  feeling  a  little  uncertain.  In  con- 
nection with  the  contract  it  was  provided  that  for  each  H.P. 
in  excess  of  the  guarantee  there  should  be  a  certain  premium, 
usually  $100,  and  for  every  H.P.  below  the  contract  require- 
ment there  should  be  a  fine  of  the  same  amount.  This  made 
it  very  important  that  the  H.P.  should  be  determined  accu- 
rately. 

Experiments  which  had  been  made  to  compare  different  in- 
dicators had  shown  that  no  indicator  is  absolutely  accurate  at 
an}  pressure,  and,  while  those  well  made  did  not  vary  a  great 
deal,  there  nevertheless  is  a  difference  which  is  worth  consider- 
ing, because  in  the  case  of  a  large  engine  it  will  make  a  very 
decided  difference.  In  one  of  the  earliest  of  our  large  ships 
the  H.P.  without  correction  was  over  10,000,  while  when  the 
corrections  were  applied  it  was  reduced  to  slightly  less  than 
9,000.  This  naturally  created  a  great  deal  of  dissatisfaction 
on  the  part  of  the  contractors,  but  it  was  due  entirely  to  the 
defects  of  the  indicators  which  were  used,  some  of  which  were 
as  much  as  20  lbs.  different  from  the  assumed  scale  at  the 
higher  end  of  the  range. 

This  case  and  one  or  two  others  called  the  attention  of  con- 
tractors to  the  matter,  so  that  when  purchasing  indicators  to 
be  used  they  sent  them  to  the  New  York  Navy  Yard,  where 
we  have  the  most  elaborate  and  accurate  testing  apparatus  in 
the  world,  and  they  declined  to  receive  any  indicators  where 
the  errors  were  more  than  a  certain  amount.  The  makers  of 
indicators,  stimulated  by  these  requirements,  have  faced  the 
problem  manfully,  and  I  am  very  glad  to  say  that  there  has 
resulted  a  very  decided  improvement  in  the  accuracy  of  the 
springs.  In  fact,  not  long  since  72  springs  were  purchased 
from  one  maker  under  a  guarantee  that  the  error  should  no- 
where exceed  3  per  cent.,  and  out  of  the  72  only  seven  had  to 
be  rejected,  and  in  these  the  error  was  really  very  small  and 
at  the  lower  end  of  the  scale,  where  the  value  in  percentage 
of  a  given  error  in  pounds  is  of  course  greatest.  For  use  on 
a  trial  trip  these  indicators  would  have  been  extremely  satis- 
factory, and  the  error  was  remarkably  uniform. 

It  has  sometimes  been  sarcastically  remarked  by  persons 
interested  in  this  subject  that  the  indicator  corrections  are 
always  disadvantageous  to  the  contractor.  This  is  not  strictly 
true,  although  it  is  almost  always  so,  but  the  reason  is  per- 
fectly simple  I  think,  and  I  think  we  can  all  understand  just 
why  it  should  be  so.  Let  me  say  at  once  that  I  believe  the 
indicator  makers  have  always  worked  with  an  honest  desire  to 
have  their  instruments  as  reliable  sis  they  possibly  could  be. 
The  errors  which  exist  are  not  due  to  carelessness  of  manu- 
facture, but  simply  to  the  conditions  of  the  case,  which  pre- 
clude the  possibility  of  absolute  accuracy.  Recognizing  that 
this  was  the  case,  we  can  readily  understand  why  the  indicator 
makers  should  have  made  the  instruments  so  that  the  error 
should  be  on  the  side  of  giving  a  larger  II.  P.  than  the  true 
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odc,  because  that  is  what  everybody  wants.  These  Govern- 
ment tests  are,  almost  the  only  ones  with  which  I  am  ac- 
quainted where  then  has  been  any  effort  made  to  apply  the 
indicator  corrections.  In  other  cases  the  indicators  hjive  been 
standardized,  and  as  long  as  the  error  did  not  exceed  a  certain 
amount,  they  were  taken  as  correct  and  the  II. P.  worked  out 
accordingly.  As  both  manufacturers  and  owners  desire  to 
have  engines  make  as  large  a  II. P.  as  possible  and  show  as 
low  coal  consumption  per  H.P.  as  possible,  it  was  only  reason- 
able that,  as  a  variation  from  strict  accuracy  was  impossible 
to  avoid,  it-should  have  been  on  the  side  of  showing  the  larger 
II. P.  At  the  risk  of  wandering  a  little  from  my  subject, 
I  may  just  say  in  this  connection  that  we  have  l«en  criticised 
for  our  method  of  testing  indicators,  on  the  ground  that  the 
conditions  were  not  absolutely  identical  with  those  under 
which  the  indicator  was  used.  This,  of  course,  is  true,  as 
nobody  has  yet  been  able  to  suggest  a  method  of  testing  the 
indicator  which  will  enable  any  record  to  be  made  for  com- 
parison when  it  is  working  as  rapidly  as  it  is  when  attached 
to  an  engine  making  300  or  more  revolutions  per  minute. 
But,  on  the  other  hand,  the  natural  answer  to  this  objection  is 
that  the  modifications  of  the  old  Richards  indicator  by  the 
various  modern  types  came  about,  because  at  high  speeds  the 
indicator  did  not  give  reliable  records,  and  the  claim  has  always 
been,  and  still  is,  so  far  as  I  know,  that  while  the  modern  in- 
dicators are  thoroughly  reliable  at  high  speeds,  they  are 
equally  so  at  low  ones.  If  our  method  of  test  is  not'thor- 
oughly  satisfactory,  it  is  incumbent  on  the  indicator  makers 
to  show  at  how  low  a  speed  their  indicators  cease  to  give 
accurate  results. 

;I  may  say  in  this  connection  that  one  of  the  young  officers 
of  the  Engineer  Corps,  who  had  a  great  deal  of  experience  in 
this  work  of  testing,  began  a  series  of  crucial  tests  at  the  New 
York  Navy  Yard  to  determiue  whether  there  was  any  error  in 
the  methods  we  had  been  using,  although  neither  he  nor  any 
of  the  rest  of  us  who  had  studied  the  matter  deeply  believed 
that  there  was  any  error.  Orders  to  other  duties  'took  him 
away  before  he  was  able  to  complete  his  experiments,  but  he 
had  carried  them  far  enough  to  satisfy  him  that  the  method 
employed  is  entirely  correct. 

'  It  may  possibly  not  seem  strictly  germane  to  the  title  of  this 
article  to  bring  in  the  matter  of  speed  trials,  but  I  do  so  merely 
to  call  attention  to  a  method  which  I  had  the  honor  to  bring 
to  the  attention  of  the  Navy  Department,  and  which  was 
unanimously  approved  by  the*  Board  on  Construction  of  that 
department,  and  was  used  with  great  success  in  the  trial  of 
the  Bancroft  early  in  this  year.  It  consisted  in  a  series  of  pro- 
gressive trials  for  the  purpose  of  standardizing  the  screw  and 
determining  accurately  the  number  of  revolutions  correspond- 
ing to  a  particular  speed.  Then  having  laid  a  curve  to  show 
the  relation  of  speed  to  revolutions,  the  vessel  could  be  taken 
to  sea  anywhere  and  the  continuous  endurance  trial  run  off 
and  the  speed  at  once  determined  as  soon  as  the  average  revo- 
lutions for  the  entire  period  were  known.  Doubtless  many  of 
you  are  aware  that  the  fast  Argentine  cruiser,  the  Ninth  of 
July,  was  tested  in  this  wayT,  and  I  believe  several  other  for- 
eign vessels  also  have  been.  This  method  enabled  the  speed 
to  be  accurately  determined  with  less  difficulty  than  any  other 
which  had  been  suggested.  Patent  logs  are  out  of  the  ques- 
tion, and  the  run  over  a  long  course,  which  the  department  is 
now  using,  involves  the  attendance  of  a  very  large  staff  of 
observers  and  several  ships  besides  the  ship  which  is  making 
the  trial.  In  the  case  of  trials  by  the  standardized  screw 
method,  no  other  observers  are  needed  than  those  on  the  ship 
itself. 

The  objections  to  the  trial  over  a  long  course  occur  at  once 
to  any  one  who  gives  much  attention  to  the  matter  in  the 
difficulty  of  laying  out  the  course  accurately  in  the  first  place, 
and  then  the  fact  that  everything  which  may  go  at  all  amiss 
operates  against  Hie  contractor.  One  of  the  great  advantages 
of  the  standardized  screw  method,  is  that  in  case  the  perform- 
ance of  the  vessel  improves  from  the  very  beginning  the  trial 
may  be  prolonged  an  hour  or  two,  and  then  any  consecutive 
four  hours  taken  as  the  one  on  which  the  record  will  be  based. 
Of  course,  it  goes  without  saying  that,  if  the  last  four  hours 
of  the  trial  are  better  than  the  first  four,  the  Government  is 
getting  a  ship  whose  excellence  lias  been  demonstrated  more 
conclusively  than  by  the  performance  of  the  first  four  hours. 
An  additional  advantage  of  this  standardized  screw  method, 
is  that  the  progressive  trials  over  the  measured  mile  enable 
data  of  great  value  to  the  designers  of  both  hull  and  machinery 
to  be  obtained  in  getting  the  relation  of  H.P.  to  speed  at  the 
various  speeds  run. 

Again,  at  the  risk  of  being  considered  somewhat  away  from 
my  subject,  I  think  it  may  not  be  amiss  for  me  to  say  a  word 
which  is  based  on  the  matter  of  economy  of  machinery  at  low 
powers  of  which  I  have  already  spoken.     This  is  a  design  for 


an  economical  peace  cruiser.  I  think  all  who  have  studied 
the  matter  carefully  cannot  fail  to  be  struck  with  the  idea  that 
it  is  a  mistake  to  build  small  vessels  of  very  high  speed  for 
duty  as  cruisers.  I  mean  vessels  of,  say.  1,500  to  1,800  tons 
displacement,  designed  to  make  17  or  18  knots.  The  ma- 
chinery necessary  to  produce  this  power  occupies  so  much 
available  weight  that  the  amount  left  for  coal  is  relatively 
small  and  the  radius  of  action  is  very  limited.  These  vessels 
very  rarely  in  peace  time  are  called  on  to  run  at  a  speed  any- 
where near  their  maximum,  so  that  as  a  matter  of  fact,  during 
their  entire  lives,  barring  a  war,  they  are  simply  carrying 
around  a  large  weight  of  engines  and  boilers  which  would  be 
useful  in  an  emergency,  but  which  as  things  actually  go  are 
entirely  useless. 

Now,  in  case  of  war,  these  vessels  are  not  sufficiently  power- 
ful to  fight  any  real  war  vessel,  and  they  are  not  fast  enough 
to  capture  any  very  valuable  merchantman,  even  leaving  out 
of  consideration  the  fact  that  no  vessel  would  remain  under 
the  flag  of  one  of  the  belligerents  in  time  of  war. 

It  would  seem,  therefore,  that  it  would  be  an  economical 
thing  for  the  Government  to  build  a  number  of  vessels  which 
should  be  intended  entirely  as  peace  cruisers,  and  which  in 
time  of  war  would  be  laid  up.  The  office  of  these  cruisers 
would  be  to  go  around  and  show  the  flag,  to  look  after  the 
interests  of  American  citizens  abroad,  and  in  case  of  necessity, 
as  happened  recently  at  Honolulu  and  elsewhere,  to  land 
troops.  Consequently,  they  should  be  able  to  carry  a  rela- 
tively  large  crew,  and  should  have  as  large  coal  capacity  as 
possible. 

Now  it  seems  to  me  that  a  vessel  of  about  2,500  tons  dis- 
placement, with  engines  of,  say,  about  1,500  H.P.  for  full 
power  under  forced  draft,  would  fulfill  these  conditions  ad- 
mirably. This  would  give  us  a  speed  of  about  12  or  13  knots 
at  full  power  under  forced  draft,  so  that  with  natural  draft  at 
full  power  she  could  steam  with  great  economy  at  8  or  9  knots. 
The  coal  capacity  would  be  about  675  tons.  and.  as  the  ar- 
rangement of  auxiliaries  could  be  designed  with  special  refer- 
ence to  economy,  she  could  be  safely  put  down  for  a  radius  of 
action  of  about  13,000  knots  at  a  speed  of  9  knots.  I  would 
by  all  means  have  such'  a  vessel  sheathed,  echoing  most 
heartily  the  efforts  which  my  good  friend,  Chief  Constructor 
Hichborn,  of  the  Navy,  has  been  making  for  so  many  years. 
The  boilers  and  engines  of  this  vessel  would  be  specially  de- 
signed with  regard  to  the  maximum  economy  at  cruising 
speed,  and  I  believe  that  a  dozen  such  vessels  would  save 
enough  during  their  career  to  more  than  pay  for  themselves. 


METHOD  OF  MANUFACTURING  WELDLESS 
CHAINS.* 


By  Simon  Bkunswiitg. 


There  is  hardly  any  industry  where  the  use  of  chains  is  as 
common,  as  indispensable,  and  as  important  as  in  the  opera- 
tion of  mines,  and  if  iron  chains  were  stronger  and  more  even 
in  their  strength  their  use  would  be  still  further  extended. 
Iu  fact,  the  use  of  the  ordinary  iron  chain  is  not  without  ils 
danger.  A  bad  link  or  a  bad  weld  may  be  the  cause  of  a 
breakage  which  may  have  very  serious  consequences.  The 
weld  is,  in  fact,  a  permanent  danger,  for  it  is  impossible  to  be 
sure  that  a  weld  is  perfectly  well  made  even  though  the  out- 
side appearance  may  not  show  any  defect  whatever.  The 
pieces  may  be  perfectly  welded  together  without  the  center 
of  the  link  being  equally  well  done,  and  very  frequently  a 
mere  sticking  is  obtained  and  not  a  complete  weld.  So  the 
result  is  that  we  are  continually  hearing  of  accidents  which 
are  caused  by  the  breakage  of  imperfectly  welded  chains. 
For  a  long  time  experiments  have  been  conducted  in  various 
countries  for  the  purpose  of  doing  away  with  the  weld,  and 
this  problem  has  been  solved  by  If.  Oury.  who  is  in  charge 
of  the  Marine  Arsenal  at  Cherbourg. 

The  Oruy  chain  is  of  exactly  the  same  form  as  the  ordinary 
iron  chain,  and  is  shown  by  fig.  1.  It  is  manufactured  by  a 
aeries  of  hammerings  on  soft  steel  bars,  whose  tensile  strength 
is  from  57,000  to  64,000  lbs.  per  square  inch  of  section,  with 
an  elongation  of  from  20  to  25  per  cent.  These  bars  are  first 
rolled  so  as  to  have  a  regular  cross  section  of  star-shape,  as 
shown  in  tig.  2. 

The  star-shaped  bars  are  first  heated  to  a  red  heat  in  special 
furnaces,  and  are  then  run  through  a  nicking  machine  which 
stamps  out  the  metal  with  the  alternating  nicks  on  each  side, 
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as  shown  in  fig.  8.  When  this  is  done  the  small  holes,  of 
which  we  will  speaU  later,  are  drilled  out  cold.  Afterward 
the  bars  are  again  returned  to  the  furnaces  and  run  un- 
der a  series  of  stamping  hammers  provided  with  matrices. 
Figs.  4,  5,  6  show  the  appearance  of  the  chain  after  the  suc- 
cessive stampings.  The  hot  metal  is  thus  gradually  driven  into 
the  matrices,  and  there  is  a  sort  of  rolling  back  to 'the  center 
of  the  link  ;  the  metal  Bows  around  the  link  and  leaves  only  a 
thin  tin  of  metal  in  the  center.  They  then  remove  this  thin 
tin  with  a  punching  machine,  and  afterward  proceed  to  the 
trimming  down  of  the  inside  and  outside  of  each  link.  At 
this  stage  of  the  operation  the  star-shaped  bar  has  been  formed 
into  a  length  of  rigid  links,  as  shown  in  tig.  7,  which  must  be 
detached  from  each  other  in  order  to  form  a  true  chain.  This 
operation  is  accomplished  by  drilling  the  small  holes,  of  which 
we  have  already  spoken,  and  the  drilling  is  done  in  the  fol- 
lowing way  :  Between  each  notch,  at  equal  and  predetermined 
distances,  small  holes  are  drilled  which  cross  each  other  in 
paths  in  the  center  of  the  bar  itself,  as  shown  in  fig.  8,  and 

Fig.l. 


fins  produced  by  the  stamping  are  removed,  and' a  weldless 
chain  of  round  and  very  regular  links  is  formed.  The  chain 
is  again  heated  and  passed  into  an  ovalizing  machine  which 
crushes  each  link  between  jaws  and  brings  it  down  to  the 
ordinary  form,  as  shown  in  fig.  10.  If  the  chain  is  to  be 
stayed  the  stemples  are  put  in  at  this  time.  The  chain  is  thus 
completed  and  is  allowed  to  cool  slowly  in  a  pit,  from  which 
it  is  taken  to  be  subjected  to  the  tensile  tests. 

These  chains  have  given  some  very  remarkable  results. 
Among  other  tests  we  may  cite  one  made  with  a  .7-in.  chain, 
where  the  breaking  strain  was  53,736  lbs.,  or  68106.40  lbs.  per 
square  inch. — Revue  Industrielle. 
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which  must  meet  each  other  in  the  exact  point  of  contact  of 
the  inside  of  the  links,  so  that  the  links  which  are  to  be  sepa- 
rated from  one  another  are  then  only  held  together  by  four 
bridges  of  metal  which  can  be  easily  cut  away.  This  separa- 
tion of  the  links  is  made  by  a  small  drop  and  thus  the  chain 
is  formed,  although  the  links  are  still  very  imperfect,  and 
though  not  quite  round,  are  still  quite  independent  of  each 
other. 

The  trimming  off  is  then  renewed,  and  the  chain  is  again 
sent  into  the  furnace.  In  coming  from  the  furnace  the  chain 
passes  under  a  new  series  of  drops  provided  with  round 
matrices,  as  shown  in  fig.  9,  giving  the  links  a  circular  form. 
When  a  link  is  in  the  matrix  the  two  connecting  links  are  per- 
pendicular to  the  first,  and  drop  into  the  two  openings  pro- 
vided iu  the  matrix.  These  lateral  links  protect  the  two  parts 
of  the  link  which  are  just  above  them  from  the  blows  of  the 
hammer,  whence  it  becomes  necessary  to  turn  the  link  in  its 
form  in  order  that  its  whole  surface  may  be  subjected  to  the 
action  of  the  blows.  This  is  the  reason  why  these  matrices 
are  round.     The  hammering  is  repeated  several  times,  until  the 


The  armored  cruiser  New  York,  a  summary  description  of 
which  we  published  in  our  issue  of 
April,  1891,  is  now  completed  and 
ready  for  active  service,  and  has  been 
in  commission  for  several  months. 
We  give  on  pages  24  and  25  a  full- 
page  illustration  of  the  broadside  and 
bow  views  of  the  vessel  as  she  ap- 
peared when  anchored  in  the  Dela- 
ware River.  The  other  illustrations 
which  accompany  the  article  give  a 
very  complete  idea  of  the  general  ap- 
pearance of  the  machinery  which  they 
delineate.  We  give  in  a  detailed 
drawing  a  front  elevation  of  one  bat- 
tery of  the  boilers  and  a  side  elevation 
of  the  same,  neglecting  the  drawings 
of  the  general  construction  of  this  part 
of  the  steam  plant,  as  well  as  the  en- 
gines, because  they  are  almost  identi- 
cal in  design  with  those  of  the  Min- 
neapolis, which  were  published  in  our 
issue  of  September,  1893. 

The  contract  for  the  construction  of 
this  vessel  was  awarded  on  August  28, 
1890,  on  the  plans  and  specifications 
drawn  up  by  the  Navy  Department, 
with  the  addition  of  certain  modifica- 
tions proposed  by  Messrs.  Cramp  & 
Sons,  of  Philadelphia,  Pa.,  who  are 
the  builders.  These  modifications  in- 
cluded merely  a  rearrangement  of  the 
boilers,  so  that  additional  longitudi- 
nal and  transverse  bulkheads  could  be 
fitted  in  the  engine  and  boiler  space, 
thereby  affording  greater  protection 
to  the  machinery  and  making  the  boil- 
ers less  vulnerable  to  attacks  from 
rams  and  torpedoes.  The  keel  was 
laid  on  September  30,  1890,  and  the 
vessel  launched  on  December  2,  1891. 
In  accordance  with  the  terms  of  the 
contract,  the  vessel  is  an  American- 
built  ship  in  every  sense.  The  metal 
is  the  product  of  American  mills,  and 
all  of  the  work  has  been  done  in 
American  shops.  The  principal  di- 
mensions of  the  hull  are  as  fol- 
lows : 

Length  of  water  line 380  ft.  6*  in. 

Molded  breadth 64  ft. 

Mean  draft 23  ft.  3i  in. 

Displacement  at  mean  draft 8,150  tons. 

Maximum  speed 20  knots. 

Sustained  sea  speed 18.5  knots. 

Endurance  of  estimated  coal  capacity. . .  13,000  miles. 

The  vessel  carries  a  complement  of  J75  officers  and  men. 
It  is  built  with  four  complete  decks,  including  the  protective 
deck,  and  there  is  a  large  flying  deck  or  bridge  upon  which 
the  boats  are  carried.  These  boats  include  a  steam  as  well 
as  a  very  handsome  electric  launch,  the  latter  having  been  but 
recently  put  in  position.  She  carries  two  military  masts  and 
has  no  sail  capacity.  Each  of  the  military  masts  lias  double 
lighting  tops  and  a  lookout.  From  her  freeboard  to  her  upper 
deek  is  about  20  ft.,  and  this,  together  with  her  size,  will  en- 
able tier  t<>  fight  her  guns  and  maintain  her  speed  in  a 
which  would  render  a  smaller  ship  practically  helpless. 

Regarding  the  general  construction  of  the  Vessel,  the  vertical 
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keel  is  composed  of  plates  weighing  20  lbs.  to  the  sq.  ft.,  held 
by  lower  angles  of  4}  X  3  in.  weighing  13  lbs.  to  the  foot, 
while  the  upper  angles  are  4  X  3  of  10  lbs.  each.  The  stem 
and  stern-posts  and" shaft  struts  are  made  of  cast  steel,  while 
the  rudder  frame  is  a  combination  of  forged  and  cast  steel. 
The  hull  has  a  double  bottom,  with  a  space  of  about  4  ft. 
between  the  two.  Forward  and  aft  of  the  double  bottom, 
which  is  immediately  beneath  the  machinery  space  and  below 
the  protective  deck."  the  frames  consist  of  Z  bars  measuring 
6  X  3i  X  3$  in.  and  weighing  15  lbs.  to  the  foot,  with  their 
lower  ends  split  for  the  admission  of  a  101b.  floor-plate. 
Z  bars  are  also  generally  used  above  the  protective  deck 
frames,  and  are  continuous  from  the  protective  deck  to  the 
upper  deck.  The  intermediate  framing  is  of  the  same  scant- 
ling, and  is  worked  in  between  the  protective  deck  and  berth 
deck  behind  the  side  armor.  There  are  three  longitudinals  on 
each  side  with  the  double  bottom  composed  of  17$  lb.  continu- 
ous plates.  The  beams  which  are  used  for  the  upper  deck 
are  T  deck  beams  10  X  5f  in.,  weighing  31*  lbs.  to  the  foot. 
For  the  gun  deck  there  is  an  angle  bulb  beam  10  X  3+  in. , 


Then  there  is  a  partial  belt  of  armor.  In  the  wake  of  the 
machinery  space  the  belt  of  thin  armor  is  worked  between  the 
protective  and  berth  decks,  and  the  total  thicknesses  of  metal 
throughout  this  space  is  5  in.  The  cofferdam  is  3  ft.  6  in. 
deep,  and  is  worked  in  between  the  protective  and  berth 
decks,  extending  completely  around  the  vessel,  and  this  is 
filled  with  an  improved  water-excluding  material. 

A  large  proportion  of  the  coal  supply  is  stowed  on  the 
armor  deck,  forming  an  additional  safeguard  against  the 
effects  of  damage  near  tin-  water-line. 

The  battery  of  the  vessel  consists  of  six  8-in.  breech-loading 
rifles,  twelve"  4-in.  rapid-firing  guns,  eight  6-pdr.  rapid-firing 
guns,  and  four  1-pdr.  rapid-firing  guns,  four  Gatling  guns, 
and  six  torpedo  tubes.  Two  of  the  8-in.  guns  are  mounted  in 
a  barbette  forward  on  the  upper  deck,  and  two  more  are  in  a 
similar  barbette  aft,  while  the  remaining  two  are  carried  in 
broadsides  amidships  on  the  upper  deck.  The  barbettes  in 
which  these  guns  are  placed  are  10  in.  thick,  while  the  re- 
volving conical  shields  on  the  guns  themselves  are  7  in.  The 
sloping  armor  between  the  upper  and  gun  decks  beneath  the 
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weighing  26  lbs.  For  the  protective  deck  there  is  an  angle 
bulb  of  10  X  Si  in.,  weighing  26}  lbs.,  and  the  platforms  for 
angle  or  Z  bars  10  in.  or  11  in.  respectively. 

The  outer  plating  amidships  weighs  23  lbs.  to  the  sq.  ft. 
from  the  keel  plate  to  the  shear  strut.  T  oward  the  extremi- 
tiesthe  outer  plating  is  lightened  to  20  lbs.  The  plating  is 
double  between  the  protective  deck  and  the  berth  decks  in 
the  wake  of  the  thin  armor,  and  the  double  plates  are  worked 
in  the  wake  of  the  gun  ports,  where  they  are  exposed  to  the 
chafe  of  the  anchors,  etc.  The  protected  portion  of  the  ship 
consists  of  a  complete  protective  deck,  which  at  the  sides  is 
4  ft.  9  in.  below  the  water-line,  1  ft.  below  the  water  amid- 
ships, and  1  ft.  above  the  water  when  the  vessel  is  at  the 
mean  draft  of  23  ft.  :U  in.;  it  is  completely  covered  with  two 
courses  of  plate  having  a  thickness  of  3  in.  amidships  and  21 
in.  fore  and  aft.  The  slopes  amidship  arc  covered  with  an 
additional  thickness  of  3  in.,  making  their  total  thickness  6  in. 


barbette  is  ."i  in.  thick,  while  the  ammunition  tubes  below  are 
also  5  in.  The  8-in.  broadside  guns  are  protected  by  partial 
barbette  2  in.  thick  and  shields  on  the  guns.  The  4-in.  rapid- 
firinu'  sruus  are  mounted  on  the  gun  deck  in  armored  sponsons 
which  are  4  in.  thick  and  which  have  shields  on  the  guns 
closely  covering  the  ports.  Their  protection  is  further  insured 
by  1  in.  splinter  bulkheads.  The  6-pdr.  guns  are  protected 
by  2-in.  armor  or  its  equivalent.  There  is  one  torpedo  tube 
in  the  bow,  one  in  the  stern,  and  two  training  on  each  broad- 
side, each  being  above  the  water-line  by  about  4  ft.  The  8  in. 
guns  arc  2."i  ft.  and  the  4  in.  guns  16j  ft.  above  water. 

The  vessel  has  a  complete  electric  lighting  outfit,  which  is 
arranged  in  accordance  with  the  most  recent  practices  of  the 
service.  There  are  three  search-lights  on  the  vessel,  one  for- 
ward and  cue  on  cither  end  of  the  flying  bridge  amidships. 
The  military  mast-  arc  of  steel  with  internal  arrangements  for 
the  ascension  of  men  and  the  whipping  up  of  ammunition  for 
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SIDE  ELEVATION  OF  BOILERS  OF  THE  UNITED  STATES  CRUISER  'NEW  YORK"  .FROM  SECTION  ON  LINE  A  B. 


FRONT  ELEVATION  OF  BOILERS  OF  THE  UNITED  STATES  CRUISER  ".NEW  TORE." 
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the  rapid-fire  .cutis  which  are  mounted  in  them.  Davidson 
steam  steering  gear  is  used,  but  it  is  also  possible  to  disconnect 
this  and  steer  by  hand  from  a  bridge  just  abaft  the  mainmast 
should  any  accident  happen  to  the  steam  apparatus.  Forward 
there  are  three  wheels  for  handling  the  vessel,  one  on  the 
bridge,  which  is  unprotected,  and  is  used  for  entering  the  har- 
bors and  handling  the  vessel  in  fair  weather.  Beneath  this 
there  is  a  wheel  and  chart-house,  which  is  protected  from  the 
weather,  and  litis  the  general  appearance  of  the  wheel-house 
of  an  ordinary  river  steamer.  This  is  intended  for  use  in  bad 
weather  at  sea.  Beneath  the  chart-house  is  the  conning  tower, 
where  a  wheel  is  located,  which  is.  of  course,  only  intended 
for  use  in  time  of  battle.  All  of  thi-  apparatus  is  placed  just 
forward  of  the  mainmast. 

The  most  recent  improvements  in  engine  and  rudder  indi- 
cators are  duplicated  in  each  of  these  three  positions.  There  is 
an  indicator  which  shows  the  speed  and  direction  of  each  en- 
gine. Opposite  this  there  is  another  engine-room  indicator 
which  shows  the  rate  and  speed  of  the  last  order  which  had 
been  issued  from  the  bridge,  and  the  two  should,  of  course, 
correspond,  except  at  the  very  instant  of  the  issuance  of  the 
fresh  order.  There  is  a  telephone  communication  with  all  of 
the  vital  parts  of  the  ship,  and  also  telephone  communication 
with  the  switch-board,  which  is  practically  the  central  office 
of  the  telephone  system,  at  which  connection  can  be  made  to 
other  portions  of  the  vessel. 

Tlie  chart-room  is  a  large,  airy  apartment,  where  all  the 
charts  of  the  vessel  are  kept,  and  it  is  handsomely  finished 
iu  mahogany.  The  crew's  quarters  are  remarkably  clean  and 
airy.  The  hammocks  are  stowed  on  the  upper  deck  during 
the  day  and  slung  from  the  overhead  beams  of  the  berth  deck 
at  night.  There  are  ample  arrangements  for  artificial  venti- 
lation throughout  the  whole  vessel,  and  in  the  living  quarters 
there  is  a  natural  ventilation  in  addition.     Great  care  has  also 


engine  is  worked  at  a  low  power  and  under  reduced  pressure. 
There  is,  of  course,  sonic  disadvantage  iu  using  engines  de- 
signed in  this  way,  as  it  results  in  an  increase  of  weight  and 
a  space  occupied  by  the  machinery  as  well  as  in  a  greater 
number  of  parts  that  are  liable  to  become  deranged  ;  but,  in 
the  opinion  of  the  chiefs  of  the  department,  it  is  considered 
that  these  are  outweighed  by  the  advantages  of  economical 
workings,  which  we  have  already  mentioned.  The  engines  arc 
direct-acting  and  have  cylinders  of  32,  46,  and  70  in.  in  diam- 
eter, with  acommon  stroke  of  42  in.,  giving  a  collective  indi- 
cated II. P.  of  10,000  when  the  engines  are  making  185  revo- 
lutions per  minute,  with  a  resultant  piston  speed  of  903  ft. 

The  general  appearance  of  the  engines  is  almost  identically 
that  of  the  engines  used  on  the  Minneapolis,  which  we  illus- 
trated in  our  issue  of  September.  1*03.  The  principal  differ- 
ences between  the  two  lie  in  the  fact  that  whereas  the  low- 
pressure  cylinder  on  the  '/'  alts'  engine  was  furnished 
with  four  valves,  the  engines  of  the  ffl  ir  York  have  but  two  ; 
and,  also,  that  while  the  front  of  the  Minneapolis'  engines  was 
held  by  round  vertical  columns,  there  is  an  inverted  Y  frame 
on  each  side  of  the  New  York's.  The  diameters  of  the  cylin- 
ders are  also  different,  but,  with  the  exceptions  which  we  have 
already  noted,  the  general  appearauce  of  the  engines  is  practi- 
cally the  same. 

Regarding  the  details  of  the  dimensions,  piston-valves  are 
exclusively  used  ;  they  have  a  diameter  of  16  in.  for  the  high- 
pressure  cylinder,  with  a  mean  diameter  for  the  low-pressure 
cylinder  of  29A  in.  All  the  valves  are  driven  by  double-bar 
Stephenson  links.  The  intermediate  and  low-pressure  cylin- 
ders are  jacketed  on  the  sides  and  bottoms,  while  the  high- 
pressure  cylinders  are  fitted  wilh  a  lining  or  wearing  cylinder 
of  hard  cast  iron.  All  of  the  pistons  are  of  cast  steel.  As  we 
have  already  said,  the  cylinders  are  carried  by  inverted 
Y  frames  made  of  cast  steel,  to  which  the  cast-iron  guides  arc 
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been  taken  that  the  pumping  and  drainage  arrangements 
shoul  1  be  thorough  and  effective.  The  vessel  is  fitted  as  a 
flagship,  and  in  addition  to  the  quarters  of  the  admiral  and 
captain  there  are  slate-roorus  for  20  ward-room  officers,  12 
junior  and  two  warrant-officers.  The  interior  fittings  of  these 
apartments  are  in  oak.  with  furniture  upholstered  in  handsome 
leather.  Scattered  about  the  ship  in  various  points  are  the 
flags  and  other  things  which  have  been  presented  to  the  officers 
ami  tin-  ship  by  the  citizens  and  various  societies  of  the  city 
of  Xe.v  York. 

In  the  construction  of  the  vessel  there  is  a  longitudinal  bulk- 
head running  between  the  engines  and  the  starboard  and  port 
bailers,  but  forward  and  aft  of  this  there  are  no  longitudinal 
bulkheads,  but  simply  transverse,  which  are  closed  by  the 
usual  type  of  wall  r-tigut  doors. 

Th-  machinery  of  the  vessel  consists  of  four  vertical  triple- 
expansion  engines.  It  was  thought  advisable  to  divide  up  the 
r  of  the  vessel  in  this  way  in  order  that  for  ordinary 
cruising  one  half  of  the  available  power  may  lie  used  for  eco- 
nomical workings.  This  is  in  accordance  with  the  policy 
which  has  been  laid  down  by  the  Navy  Department,  and 
which  is  brought  out  very  prominently  by  Mr.  Melville  in  his 
piper  on  The  Machinery  of  the  New  Vessels  of  the  Cuited 
States  Navy,  published  on  another  page  of  this  issue.  Each 
of  these  engines  is  of  about  4,000  indicated  II. P..  and  they 
drive  twin  screws,  two  being  placed  upon  each  shaft.  By 
means  of  an  easily  worked  coupling  the  forward  engines  are 
readily  disconnected,  so  that  tl  ;  can  be  used  alone  ; 

and  as  these  can  be  worked  at  nearly  the  power  for  which 
they  were  designed  and  at  full  boiler  pressure,  the  economy 
will  not  be  reduced  as  in  I  he  case  where  a  triple-expansion 


bolted.  The  bed-plates  are  of  east  steel  of  an  I  section,  and 
are  securely  bolted  to  the  engines'  keelsons,  which  an- built 
in  the  ship.     The  piston  connection  and  other  working  parts 

of-  the  engines  are  of  mild  steel,  as  well  as  tin-  crank-shaft, 
which  is  forged  in  three  sections  for  each  engine.  The  for- 
ward shafts  are  13*  in.  in  diameter,  with  6  in.  axial  holes, 
while  the  after  shafts  are-  1?  in.  in  diameter  with  Ti-in.  axial 
holes,  so  that  the  shafts  are  not  interchangeable  There  is  a 
east-steel  coupling  between  each  forward  and  after  engine 
crank  shaft,  which  occupies  but  little  room  and  by  means  of 
which  the  engines  can  lie  quickly  coupled  or  uncoupled.  Each 
engine  with  its  auxiliaries,  such  as  pumps  and  condensers,  is 
located  in  a  separate  water-tight  compartment,  and  is  entirely 
independent  of  the  other.  The  main  condensers  are  made  of 
a  cast  composition  and  rolled  brass,  and  are  bolted  and  riveted 

ther.  They  are  made  of  three  sect  ion-  5  ft.  0  in.  in  diam- 
eter, with  a  total  length  of  0  ft.  inside  tube  sheets.  Each  con- 
denser contains  3,775 seamless  drawn  tubes  Xo.  SOB.  W.  G. 
thick,  tinned  on  b  > 1 1 1  sides,  which  gi  [.  ft.  of  cooling 

surface.  Each  tube  is  separately  packed  at  each  end,  and  is 
free  to  expand  independently  of  the  others.  The  condensing 
water  is  supplied  by  a  separate  centrifugal  circulating  pump 
for  each  engine  which  lias  a  capacity  of  8,000  galls,  per  min- 
ute, which  may  be  di  1  ither  through  the  condenser  or 
directly  overboard   by  way  of  the  outboard  delivery,  and  may 

ken  from  the  Bea  or  bilge  at  will.  The  pumps  are  driven 
by  engines  attached  directly  to  the  main  shafts.  The  air- 
pumps  are  vertical  single-acting  lifting  pumps,  each  with  two 
pistons  of  PJ  in.  iu  diameter  and  1*  in.  stroke.  They  are 
driven  by  vertical  engines  with  cylinders  74;  in.  in  diameter 
and  a  stroke  the  same  as  that  of  the  pump  placed  directly  over 
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it.  The  air-pump  engines  are  simple,  but  the  steam  from 
them  may  be  exhausted  iuto  either  the  intermediate  or  low- 
pressure  receiver  as  well  as  into  the  condenser,  and  so  be 
worked  with  a  full  measure  of  economy.  Steam  is  supplied 
by  six  double-ended  steam  boilers  placed  below  the  protective 
deck  and  two  auxiliary  boilers  placed  above  it.  The  main 
boilers  are  15  ft.  9  in.  oulside  diameter  and  18  ft.  long.  They 
are  double-ended,  with  four  fire-boxes  at  each  end,  placed  in 
corrugated  furnaces  of  3  ft.  7  in.  outside  diameter,  and  com- 
posed of  metal  |-i  in.  thick,  each  being  7  ft.  14;  in.  long.  The 
tube  sheets  are  6  ft  6  in.  apart.  These  boilers  are  almost  iden- 
tical in  design  with  those  which  were  fully  illustrated  in  Sep- 
tember, 1893,  jn  connection  with  the  cruiser  Minneapolis,  ex- 
cept at  the  top  and  ends  ;  the  end  sheet  of  these  boilers  is 
brought  up  square  and  flanged  over  with  a  very  short  radius 
instead  of  being  given  the  broad,  long  sweep  and  curve  that 
appears  in  the  boilers  of  the  Minneapolis.  These  boilers  are 
located  on  either  side  of  the  longitudinal  bulkhead,  and  are 
placed  in  separate  water-tight  compartments  in  batteries  of 
two,  so  that  each  battery  is  entirely  independent  of  the  others. 
Our  illustrations  show  the  general  appearance  of  the  arrange- 
ments of  the  front  of  this  battery.  There  is  a  passage-way 
from  one  fire-room  to  the  other  between  the  boilers  and 
through  the  gangway,  which  is  clearly  shown  upon  the  en- 
gravings. This  gangway  is  21  in.  wide  at  the  top  and  24  in. 
at  the  bottom  and  6  ft.  high  above  the  floor-line.  The  side 
elevation  of  the  arrangement  of  the  boilers  shows  the  connec- 
tions  which  are  made  with  the  bridge  and  the  run  to  the 
stack.  It  will  be  seen  that  the  bulkhead  comes  very  close  to 
the  front  of  the  boiler,  aud  there  is  but  lfttle  space  in  the  fire- 
room  for  coal  heaps,  so  that  the  supply  must  come  in  con- 
tinually. The  figuring  and  lelteriug  on  the  engravings  give 
such  complete  details  of  the  construction  and  the  arrangements 
of  the  boiler  that  further  detail  regarding  it  is  unnecessary. 
For  the  type  and  arrangement  we  would  refer  our  readers  to 
the  engravings  published  of  the  boilers  of  the  Minneapolis  in 
September,  1893. 


INJECTOR,  GRAND  TRUNK  RAILWAY. 

The  heating  surface  of  the  main  boilers  is  31.190  sq.  ft.,  and 
the  grate  area  988  sq.  ft.  The  auxiliary  boilers  above  the 
protective  deck  have  each  two  steel  corrugated  furnaces  2  ft. 
9  in.  internal  diameter,  with  a  total  heating  surface  of  1,937 
sq.  ft.  and  a  grate  area  of  (34  sq.  ft.  The  main  boilers  have 
572  3J  in.  steel  tubes,  but  in  the  auxiliary  boilers  the  tubes 
are  2J  in.  in  diameter.  The  main  boiler  shells  are  butt  riveted, 
with  inside  and  outside  welts  triple  riveted.  -The  thickness 
of  the  shell  is  1|J;  in.,  and  the  working  pressure  is  160  lbs. 
A.  mild  forced  draft  is  used  on  the  closed  fire-room  system. 
The  screws  are  three-bladed  propellers  with  adjustable  blades, 
and  are  made  of  manganese  bronze.  There  is  also  a  complete 
hydraulic  plant  for  supplying  and  working  the  battery  and 
operating  the  turrets. 

The  final  trial  of  the  New  York  was  ended  on  December  14. 
This  was  an  endurance  trial  to  ascertain  the  action  of  the  ship 
in  service  conditions.  The  coupling  on  the  two  forward  en- 
gines was  accomplished  in  a  little  less  than  20  minutes  after 


the  order  was  given.  The  result  of  the  turning  trials  was  also 
highly  satisfactory  in  all  respects.  The  cruiser  showed  her 
ability  to  turn  in  a  ciicle  three  times  her  own  length,  and  with 
one  propeller  backing  and  the  other  going  ahead  the  vessel 
was  swung  around  a  circle  which  was  only  275  yds.  in  diam- 
eter. The  following  table  shows  the  approximate  result  of 
the  turning  trials  : 


Evolution. 


Helm   hard  a-starboard,  both  screws  ahead  full 

speed 

Helm  hard  a-port.  both  screws  ahead  full  speed  : 
Helm  hard  a-Btarhoard,  starboard  screw  ahead. 

port  screw  astern  half  speed 

Helm  hard  a-port.  port  screw  ahead,  starboard 

screw  astern  half  speed 

Helm  hard  a-port,   port  screw  ahead,  starboard 

screw  stopped 1 

Helm  hard  a-starboard,  starboard  screw  ahead. 

port  screw  astern  
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From  full  speed  ahead  the  time  from  signal  "Stop  !"  to 
entire  loss  of  headway  was  9.07.  The  estimated  distance 
traversed  was  750  yds.  From  full  speed  ahead  it  was  found 
that  the  vessel  could  be  brought  to  a  stand-still  by  reversing 
her  engines  in  1.46.  and  before  she  had  run  her  own  length. 
With  both  propellers  making  102  revolutions  per  minute  the 
speed  of  the  vessel  was  15.93  knots  per  hour.  Owing  to  the 
great  foulness  of  her  bottom,  no  higher  speed  could  be  gotten 
out  of  her.     Forced  draft  was  not  used. 

"  After  the  turning  trials  the  firing  tests  were  had.  Two 
chatges  were  fired  from  each  of  the  main-battery  guns,  and 
five  from  each  piece  of  the  secondary  battery.  Common  shell 
was  used  with  service  charges. 

The  vessel  has  thus  passed  all  the  requirements  of  the  Navy 
Department,  and  been  shown  to  be  one  of  the  finest  vessels  of 
the  new  Mavv. 


GRAND  TRUNK   RAILWAY  INJECTOR. 


We  illustrate  an  injector  which  is  made  by  the  Grand  Trunk 
Railway  for  use  on  their  locomotives.  It  is  perhaps  not 
widely 'known  that  the  Grand  Trunk  Railway  manufacture 
nearly  all  of  the  apparatus  and  fittings  which  they  use  on 
their  "engines  and  cars.  Inasmuch  as  there  is  a  high  protective 
duty  in  Canada,  and  as  the  manufactures  of  Canada  are  not 
extensive  enough  to  supply  all  of  the  requirements  of  a  rail- 
way, it  has  been  found  by  the  Grand  Trunk  Railway  that  it  is 
cheaper  to  manufacture  their  own  goods  than  to  import  from 
the  United  States  and  pay  the  custom  house  duty.  The  in- 
jector which  we  illustrate  will  be  seen  to  be  very  simple  in 
construction  and  readily  accessible  for  repairs.  The  general 
dimensions  are  given  on  the  engraving,  and  from  an  examina- 
tion of  the  parts  it  will  be  seen  that  they  are  very  substantial 
and  require  the  minimum  amount  of  machine  work  in  their 
construction.  The  steam  and  delivery  pipes,  as  well  as  the 
suction  pipe  for  water,  are  large,  and  the  combining  tube  has 
an  ample  delivery  into  the  delivery  pipe,  where  tin  re  is  a 
check-valve  through  which  the  water  passes  before  reaching 
the  lonsr  run  to  the  boiler  cheek. 


Protecting  Metals  from  Rust.— According  to  the 
nisc/ies  Aw/  ilatt,  articles  of  steel  and  iron  can  be  prot* 
against  rust  by  coating  them  electrolytically  with  peroxide  of 
lead.  A  satisfactory  coating  can,  it  is  sail,  be  obtained  in  20 
minutes,  and  is  perfectly  proof  ngainst  almospheric  influences. 
As  the  whole  operation  is  conducted  at  ordinary  temperature. 
the  temper  of  steel  articles  is  unaffected  by  it. 
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THE  GOVERNMENT  NEW  LOCATION  FOR  THE 
RAILROAD  ACROSS  THE  MAIN  CAUCASUS 
RANGE.  

By  A.  Zdziahski,  C.E. 


'  ( bnlintu  </  from  page  587,  Yotum  LXVII.t 


To  describe  the  main  features  of  the  located  line  we  must 
divide  it  in  two  parts,  southern  and  northern,  each  of  which 
..insists  of  two  sections,  the  level  section  and  the  mountain 
section. 

The  southern  h-ni  section,  44  miles  long,  with  ruling  grade 
1.5  per  cent.,  starts  from  the  station  New  Avchaly,  of  the 
Transcaucasian  Railroad,  and  follows  the  valleys  of  Koura 
(3  miles),  White  Aragva  (23  miles),  and  Pshava  Aragva  (18 
miles).  The  valleys  are  so  large  and  their  slope  so  small  that 
the  line  is  located  on  their  bottom,  except  when  small  headlands 


spiral  tunnels  with  a  radius  of  700  ft.  This  lengthening  of  the 
line  reached  17,843  ft.  The  mountains  consist  of  argillous 
slate  and  partly  of  crystalline  slates. 

Th-c  main  Arkhot  tunnel  has  the  length  of  7.58  miles.  It 
consists  of  a  middle  level  1,400  ft.  long  and  5,475.05  ft.  high, 
and  two  grades  to  both  portals — the  southern  grade  0.8  per 
cent,  and  northern  14  percent.  The  absolute  height  of  the 
summit  on  sea  level  is  9.099.7  ft.  The  range  consists  here  of 
paleozoic  argillous  slate  (schist)  The  northern  slope  contains 
a  layer  of  crystalline  diabase.  The  southern  slope  is  covered 
by  alluvium,  which  allows  agriculture  to  the  height  of  6,000 
ft.,  and  from  6,000-8,000  ft.  produces  Alpine  prairies.  On  the 
northern  slope  prairies  are  found  from  6,000-7,000  ft.,  and 
under  6,000  ft.  the  mountains  are  completely  covered  by 
coniferic  forest.  On  the  summit  the  time  free  from  snow  is 
from  June  20  to  September  1  ;  near  the  portals  from  May  1  to 
October  1.  In  deep  and  narrow  canons  on  the  height  of  5.000 
ft.  the  snow  remains  all  the  year  round. 
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or  ridges  were  to  be  crossed,  or  when  narrows  were  met. 
The  neighboring  mountains  consist  of  argillous  slate  (schist). 
Other  stones,  as  limestone  and  sandstone,  are  found  only  in 
narrows,  the  former  in  Zinvan  narrow,  and  the  latter  in  Magar 
narrow. 

The  southern  mountain  section,  18  miles  Inns,  with  ruling 
grade  2.8  per  cent.,  follows  the  uppei  end  of  the  valley  of 
Pshava  Axagva,  and  then  the  narrow  or  canon  of  Khevsour 
Aragva  (14  miles),  and  ends  at  the  southern  portal  of  the  main 
tunnel.  The  valleys  of  these  rivers  become  still  narrower,  and 
the  slope  of  their  bottom  still  greater,  but  up  to  the  station 
Borisae  the  line  can  yet  be  often  located  on  the  bottom  of  these 
valleys.  Near  that  point  a  tunnel  3,129  ft.  long  must  be  de- 
signed, for  the  slope  of  the  bottom  of  the  canon  is  greater  than 
the  maximum  grade  of  line,  and  the  location  must  apply 
to  an  artificial  lengthening  of  the  line,  which,  thanks  to  the 
narrowness  of  the  canon,  could  be  made  only  by  means  of 


The  main  tunnel  is  designed  for  double  track  ;  it  will  re- 
quire 1,272,000  cub.  yards  of  cutting  and  352,600  cub.  yards 
of  masonry.  The  motive  power  for  the  air  compressors,  ven- 
tilators, etc.— about  1.000  H.P.— can  be  got  from  mountain 
rivers,  which  on  the  southern  side  give  a  minimum  discharge  of 
100  cub.  ft.  per  second,  and  on  the  northern  side  170  cub.  ft. 
per  second.  This  discharge,  combined  with  the  slope  of  these 
rivers.  5  to  7  per  cent.,  can  furnish  the  required  molive  power 
on  each  side. 

The  northern  mountain  section,  from  the  northern  portal  to 
the  ICambilavka  station,  is  35  miles  long,  and  its  maximum 
grade  is  3.8  per  cent.  From  the  northern  portal  of  the  main 
tunnel  the  line  descends  the  canon  of  the  river  Assa,  the  slope 
of  which,  on  its  first  7  miles,  considerably  surpasses  the  maxi- 
mum grade  "f  the  line.  Therefore  the  same  must  be  length- 
ened by  22,603  ft.  ;  and  as  the  cation  is  very  narrow  and  tortu- 
ous there,  many  deep  cuttings,  tunnels  and  retaining  walls 
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have  been  designed.  The  neighboring  mountains  consist  of 
more  strong  paleozoic  argillous  slate  (schist),  crossed  by 
many  crystalline  layers.  From  the  estuary  of  Nelka  River  (in 
Assa)  the  valley  of  Assa  becomes  larger,  ami  its  slope  is  less 
1 1 1 . 1 1 1  the  maximum  grade  of  the  line,  so  that  the  location  is 
laid  on  the  bottom  of  the  valley.  Near  Targim  station  the 
region  of  Touraic  limestones  begins,  and  is  crossed  by  Assa 
River,  which  has  nil  a  narrow  for  itself.  From  the  following 
Station  (Falkii  the  line  was  studied  in  many  directions,  from 
which  that  going  through  Tarska  was  selected. 

This  line  begins  with  Tarska  tunnel,  4.05  miles  long,  with  a 
middle  level  and  two  grades— 1.1  per  cent,  to  the  eastern  portal 
(3,192  ft  high)  and  0.5  per  cent,  to  the  western  portal  (3,255 
ft.  high).  The  height  of  the  middle  level  is  3,306  ft.,  and  that 
of  the  summit  1,925  ft.  From  this  tunnel  the  line  enters  the 
narrow  valley  of  Kambilavka  River,  and  then  the  wide  valley 
of  Tara  River  ;  but  the  general  slope  of  this  valley  is  so  great 
that  till  Tarska  station,  the  grade  of  mountain  location  must 
be  allowed.  Starting  from  Tarska  station,  the  line  follows 
the  Kambilavka  canon  (narrow),  where  the  grades  are  2  per 
cent.,  and  reaches  the  Kambilavka  station. 

The  remaining  portion  of  the  line,  from  Kambilavka  to 
Vladikavkaz,  6  miles  long,  is  located  as  a  level  section. 

Resuming  the  above  data,  we  net  the  following  figures  : 

The  total  length  of  the  line— 

The  southern  level  section 45.17  miles. 

"    northern     "  "      6.15     " 

"    southern  mountain  section 18.33     " 

"    northern  "  "       35.00     " 

"    main  tunnel 7.58    " 


112.23     " 
According  to  the  curvature,  this  length  is  so  divided  : 

Straights 70.10  miles. 

Curves  with  radius  of  1.4(H)  ft.  or  more 15.00     " 

Sharp  runes,  with  radius  of  700-1,400  ft 26.23     " 

112  23     " 
According  to  grades  : 

Levels 14.93  miles. 

1  iiades  1.5  per  rent,  or  less 59.90     " 

1  Grades  from  1.5  to  2.8  per  cent 37  40     " 

112.23     " 

The  Design  and  Cost  — The  road  bed  for  single  track  (5  ft. 
wide;  is  designed  18.2  ft.  wide.  The  total  quantity  of  earth- 
work is  12,833,1)00  cub.  yards,  or  about  115,000  cub.  yards  per 
mile.  The  greater  part  of  earth  work. — 63  per  cent— is  em- 
bankments. From  the  balance— 37  per  cent.— the  25  per  cent, 
are  cuttings  in  ordinary  ground,  and  only  12  per  cent,  in  stone 
of  various  hardness. 

The  retaining  walls  are  designed  of  the  type  adopted  for  the 
St.  Gothard  Railroad  and  the  Oufa  Zlatooust  Railroad,  and 
with  the  provision  that  the  second  track  could  be  laid.  The 
total  length  of  them  is  :;2,277  ft. 

The  culverts  are  designed  of  stone  3A  and  10J  ft.  wide,  and 
an-  small,  2J  ft.  wide,  of  east  iron.  Their  number  is  148.  The 
abutments  of  small  bridges  up  to  28  ft.  in  height  are  designed 
with  buttress  walls.  The  higher  abutments  are  designed  with 
inside  wells,  the  application  of  arches  being  insecure  in 
mountain  country,  with  foundations  on  inclined  strata.  The 
number  of  small  bridges  and  aqueducts  up  to  105  ft.  span  is 
205;  the  number  of  great  bridges  and  viaducts  (with  span 
more  than  105  ft.)  is  32.  The  most  notable  constructions  of 
that  kind  are  four  viaducts  on  the  northern  section,  with  total 
length  of  1,666  ft.  ;  one  viaduct  on  the  mountain  section  210  ft. 
1  »ng,  and  a  bridg  •  105  ft.  span,  also  there,  and  four  viaducts 
on  the  southern  section,  with  total  length  of  1,218  ft. 

The  chief  feature  of  the  design  is  the  abundance  of  tunnels  : 
there  arc  42  small  tunnels  for  single  track,  of  total  length 
55,247  ft.,  and  two  lip  at  tunnels,  for  double  track,  of  total 
length  61,086  ft  All  the  tunnels  have  been  divided  in  three 
classes  :  1.  The  main  tunnels,  very  long,  where  the  line  crosses 
tic  dividing  ranges;  they  are  straight  and  for  double  track. 
2.  The  spiral  tunnels,  intended  for  artificial  lengthening  of 
the  line  in  the  case  when  the  slope  of  valley  is  greater,  as  the 
maximum  grade  of  the  railroad  and  the  small  width  of  the 
valley  does  not  allow  an  opt  tening  of  the  line.*    3.  The 

ordinary  small  tunnels  in  such  places  where  the  line  meets  any 
lateral  mountain  head,  or  must  be  protected  by  the  tunnel 
against  the  snow  avalanches. t 


*  Tire  radius  of  curve  is  700  ft.;  they  are  designed  for  singtc  track. 
I  Designed  for  single  track. 


The  types  of  tunnels  for  double  track  were  adopted  the 
same  as  applied  in  constitution  of  the  Souram  tunnel.  Then- 
are  designed  six  different  types  of  tunnel  profile,  according  to 
the  quality  of  ground.*  For  the  small  (single-track)  tunnels, 
eight  different  types  have  been  designed. 

Special  snow-sheds  arc  designed  for  protecting  the  railroad 
against  snowstorms  in  mountain  portions  of  the  line.  In  level 
section  the  snow  shield  will  suffice.  These  snow  sheds  are  de- 
signed for  single  track  and  of  light  type,  from  timber  frame- 
work, covered  with  planks  in  manner  of  shutter  blinds  (per- 
sienne),  which  can  be  shut  from  the  wind  side  and  opened  from 
the  opposite  side  for  the  escape  of  the  smoke.  The  cost  of 
.such  sheds  with  iron  roofs  is  estimated  at  about  $20  a  foot. 

The  solid  snow-sheds  as  protection  against  avalanches  were 
not  found  sufficiently  secure,  and  are  not  allowed  in  the  de- 
sign. As  more  secure  means  against  avalanches,  three  devices 
have  been  designed  :  one  to  go  under  the  path  of  an  avalanche 
in  a  tunnel,  one  to  lay  the  line  on  the  other  side  of  the  vallej  , 
where  the  avalanches  do  not  occur,  or  to  pass  over  the  ava- 
lanche by  means  of  a  bridge. 

The  width  of  ballast- bed  will  be  10i  ft.,  and  its  thickness  17 
in.  ;  the  ties  of  pine  or  oak  8  ft.  long,  2,360  for  a  mile.  In 
great  tunnels  the  lies  to  be  metallic,  each  weighing  108  Eng- 
lish pounds. 

The  rails  to  be  of  steel,  72  Russian  pounds  (66  English 
pounds)  to  the  yard.  The  joints  will  be  angle  splices,  with 
two  underplates  fixed  by  means  of  four  bolts  and  spikes,  and 
will  be  placed  between  the  ties. 

The  line  buildings  are  designed  of  three  types  :  large  and 
small  watchmen's  houses  and  section-houses.  Eighty-seven 
small  and  14  large  watchmen's  houses  are  so  distributed  that 
there  is  a  watchman  at  each  mile  of  the  line  and  at  each  level 
crossing  of  the  railroad.  For  each  roadmaster,  with  his  gang 
of  trackmen,  a  section-house  (18  in  number)  will  be  built. 
All  the  buildings  to  be  of  stone,  with  sheet-iron  roofs.  There 
will  be  64  road  crossings,  protected  (as  above  said)  by  gates 
and  watchmen. 

The  station  buildings,  in  consequence  of  the  sparse  popula- 
tion of  the  country,  need  not  be  large  ;  they  are  designed  of 
stone,  with  iron  roof,  10  in  number,  two  of  them  being  of  the 
third  class  and  eight  of  fourth  class. 

The  engine-houses  are  designed  of  the  size  necessary  for 
three  trains  daily  in  each  direction.  They  are  live,  and  have 
altogether  21  stalls.  They  are  designed  of  stone,  with  iron 
roofs  covered  with  galvanized  sheet  iron.  Each  engine-house 
contains  a  small  repair  shop. 

The  buildings  for  the  officers  and  employes  of  the  operating 
staff  are  designed  to  be  of  stone  or  wood,  with  iron  or  timber 
roofs. 

The  stations  and  water  supply  are  designed  with  the  sup- 
position that  the  trains  will  be  driven  on  the  first  53.16  miles, 
from  New  Avchaly  to  Pshara  (level  section),  by  one  engine  ; 
on  the  remaining  portion,  from  Pshava  to  Vladikavkaz,  the 
same  trains  will  be  driven  by  two  engines.  According  to 
them,  two  large  engine-houses  (in  Vladikavkaz  and  Pshava) 
and  two  small  ones  must  be  built. 

The  water  supply  is  designed  for  the  requirements  of  11 
trains  daily  in  each  direction,  it  being  assumed  that  each  train 
wants  from  11  to  13  cub.  ft.  per  mile,  and  on  the  mountain 
section  double  that  quantity.  According  to  these  data,  the 
quantity  of  daily  water  supply  was  computed,  varying  from 
8,000  to  18,000  cub.  ft.  The  providing  of  stations  with  water 
is  in  a  very  favorable  condition  on  that  line.  As  the  railroad 
follows  the  valleys  of  considerable  mountain  rivers,  the  dis- 
charges of  which  are  above  the  necessary  water  supply  of  sta- 
tions, therefore  this  water  supply  is  quite  guaranteed.  Be- 
sides, for  the  greater  part,  the  topography  of  the  country 
allows  water  to  be  supplied  by  means  of  gravity  and  without 
pumping.  Steam  engines  will  very  seldom  he  required.  The 
Standard  water  tanks  are  of  boiler  plates,  having  a  capacity  of 
1,370  and  .'.Tib  cub.  ft.  Two  hydraulic  cranes  will  be  placed 
at  each  station. 

For  the  equipment  of  stations,  84  switches,  three  large  turn- 
tables, 21  switch  houses,  and  other  accessories  are  to  be  used. 

The  rolling  stock  is  designed  for  one  passenger  train  and 
two  freight  trains  daily  in  each  direction.  The  train  will  con- 
sist of  34  military  ears  or  24  loaded  freight  ears.  The  average 
spi  ed  in  mountain  section,  in  miles  ;  in  level  section,  ]:U  miles 
an  hour.  According  to  this  data,  344  freight  cars  are  required. 
The  passenger  rolling  stock,  designed  of  the  American  type 
(on  eight  wheels),  will  consist  of  four  cars  of  first-class,  eight 
second  class  cars,  15  third  class  ears,  four  baggage  cars,  and 
three  prison  cars.  The  engines,  56  in  number,  eight-wheeled, 
will  weigh  4s  tons.  The  mean  annual  mileage  of  such  engines 
is  placed  at  12,000  miles. 

*  A  special  description  of  types  can  be  a  subject  of  a  special  article. 
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The  estimates  of  the  route  give  the  following  cost  of  the 
line  (11-2.23  miles)  : 

Cost  in  roubles. 

1.  Expropriation,  lands,  etc 451,290 

2.  Earthwork 7,340,135 

3.  Bridges 6,164,1 65 

4.  Tunnels 31,815,320 

5.  Track 3,183,180 

6.  Road  accessories 149.572 

7.  Telegraph  line 113.744 

8.  Road  building  and  gales 336,020 

9.  Station  buildings. 591,400 

10.  Water  supply  .7 175,000 

11.  Station  accessories 164,550 

12.  Rolling  slock 3.418,106 

13.  Roads  and  temporary  roads 1,579,440 

14.  General  expenses 3,878,332 

Total 59,300,145 

The  principal  part  of  cost  belongs  to  the  construction  of  tun- 
nels— viz.,  54  per  cent,  of  the  total  cost.  The  cost  of  con- 
struction of  the  main  Arkhot  tunnel  was  estimated  at  414 
roubles  ($207)  per  foot  ;  the  cost  of  second  great  tunnel 
(Tarska)  was  estimated  at  281  roubles  ($140)  per  foot. 

In  order  to  compare  this  estimate  with  those  of  St.  Gothard's 
and  Arlberg  Railroad,  we  give  the  following  table  : 


Arkhot 
Proposed 
Railroad. 

St.  Goth- 
ard's Rail- 
road. 

Arlberg 
Railroad. 

The  whole  length  of  the  line,  miles... 
The  length  of  main  tunnel,  miles.... 
The  length  of  remaining  tunnels. miles 

The  maximum  height  of  the  opm  line 

Cost  of  main  tunnel  in  dollars  : 
Total 

Cost  of  the  remaining  part  of  railroad 
with  other  tunnels  iu  dollars  : 

Cost  of  the  whole  railroad  in  dollars  : 

Total 

112.83 

1  58 
1 1  58 
90.07 

5,302.5 

$8,240,792 

$21,442,230 
204,882 

$29,683,073 
264,444 

68.93 

9  31 

11.58 

48.04 

3.757 

S10.390.01X) 
1,015.565 

$15,614,000 

2«,555 

$26,163,000 
319,532 

40.33 
6.42 
0.27 

33.64 

4,272 

$7,671,000 
1,283,974 

176,530 
$14,222,000 

352,680 

From  this  table  it  is  obvious  that  the  estimate  of  the  proposed 
railroad  does  not  exceed  the  costs  of  the  great  European  Alpine 
railroads  :  however,  in  virtue  of  the  protectionist  system  in 
Russia,  a  great  many  articles — viz.,  rails,  iron  bridges,  rolling 
stock,  working  machines,  cement,  etc.— are  considerably  dearer 
than  in  Western  Europe. 


SPECIAL    TOOLS    OF     THE    PHILADELPHIA    & 
READING  RAILROAD. 


HORIZONTAL   DRILLING   ATTACHMENT. 

The  days  when  the  drilling  of  bolt  holes  in  pedestals  and 
other  similar  parts  of  a  locomotive,  which  were  difficult  of 
access  in  the  ordinary  drilling  press  with  a  hand-ratchet,  are 
undoubtedly  of  the  past.  We  illustrated  in  our  issue  of  June, 
1893.  a  drilling  device  attached  to  a  flexible  shaft  and  driven 
by  au  electric  motor  which  would  do  this  work  very  satisfac- 
torily. The  little  tool  that  is  used  in  Reading  shops,  here- 
with illustrated,  is  arranged  to  work  from  the  drill  socket  of 
any  ordinary  portable  drill  that  may  be  too  large  to  crowd 
into  the  space  from  which  the  hole  is  to  be  drilled.  It  con- 
sists of  a  frame  casting  shown  at  the  left  of  our  engraving. 
In  this-two  beveled  grooves  with  their  shafts  are  run.  At  the 
outer  end  of  one  of  these  shafts  there  is  a  shank  which  goes 
into  a  Xo.  5  socket  from  which  the  power  is  to  be  derived. 
The  beveled  gear  which  meshes  iu  with  this  is  keyed  to  a 
steel  sleeve  having  a  slot  cut  in  it,  into  wdtich  a  feather  is  laid 
anil  through  which  the  spindle  carrying  a  drill  socket  works. 
The  spindle  is  forced  dowu  against  the  work  by  means  of  a 
screw  working  on  the  same  principle  as  that  used  for  the  feed 
of  an  ordinary  ratchet. 

ONE-TON   TK  WF.LING   CRANE. 

A  very  convenient  power  traveling  crane  is  located  in  the 
frame  shops  just  under  the  roof.  The  crane  itself  consists  of 
two  8  in.  channel  beams,  which  are  held  to  the  wall  of  the 
building  by  brackets,  as  shown  in  the  engraving.  This 
bracket  is  bolted  to  a  cast-iron  beam  which  is  built  into  the 
wall.     The  channels  are  also  trussed  by  the  truss  rods,  as 


shown,  which  have  a  turn-buckle  for  adjustment.  The  car- 
riage is  racked  in  and  out  by  means  of  a  chain-wheel  located 
inside  of  the  building.  Immediately  below  this  is  the  hoist- 
ing shaft,  which  is  driven  by  belts  shifting  on  to  tight  and 
loose  pulleys  admitting  of  reversal  in  the  ordinary  way. 
This  shaft  has  a  key-seat  throughout  its  whole  length,  and 
carries  an  endless  screw  meshing  in  witli  a  worm  gear  on  the 
carriage.  The  endless  screw  is  also  carried  in  bearings  on  tin- 
carriage,  so  that  its  relationship  with  its  worm-wheel  is  always 
constant.  The  belting  is  so  arranged  that  the  lift  is  at  the  rate 
of  20  ft.  per  minute,  while  the  lowering  is  done  at  the  rate  of 
30  ft.  per  minute.  The  details  at  the  upper  left-hand  corner 
of  the  eugraving  show  the  general  construction  of  the  car- 
riage. The  chain-wheel  is  made  to  revolve  eight  revolutions, 
and  designed  to  carry  1,404  lbs.  per  tooth.  The  hoisting  chain 
is  a  %-\a.  chain.  The  driving  shaft,  which  runs  from  end  to 
end  of  the  crane,  is  designed  to  make  170  revolutions  per 
minute,  is  2i  in.  in  diameter,  and  22  ft.  long.  It  is  a  very 
convenient  and  rapid  running  hoist,  which  can  be  readily  built 
by  any  shop  which  has  occasion  for  its  use. 

PNEUMATIC   HOIST. 

In  the  article  which  we  have  published  descriptive  of  the 
Special  Tools  of  the  Delaware  &  Hudson  Canal  Company,  we 
have  given  a  very  complete  and  comprehensive  list  of  hy- 
draulic pressure  appliances  as  used  for  hoisting.  In  the 
Reading  shops  there  is  a  small  pneumatic  hoist  which  is  giv- 


HORIZONTAL  DRILLING  ATTACHMENT. 

ing  very  good  results.  Between  the  advocates  of  hydraulic 
power  aud  compressed  air  there  is,  as  our  readers  are  probably 
well  aware,  considerable  earnestness  of  debate,  each  arguing 
that  their  own  special  system  is  the  more  economical  of  tin 
two.  Each  one,  however,  seems  to  be  perfectly  practicable, 
and  the  desirability  of  installing  one  or  the  other  iu  a  railroad 
shop  will  depend  to  a  great  extent  upon  the  pressure  which 
is  most  convenient.  Where  there  is  an  air  pressure  available 
in  the  shop,  the  hoist  which  we  show  will  certainly  be  a  very 
proper  one  to  install.  It  consists  of  a  cylinder  bored  out  to 
5ff  in.  in  diameter,  with  an  outside  diameter  of  6§  in.  It  is 
0  ft.  long  over  all,  and  is  made  of  a  piece  of  6-in,  extra  heavy 
wrought-iron  pipe  screwed  into  a  head  at  the  top,  which  is 
proviHed  with  an  eye-bolt  for  suspending  the  hoist.  At  the 
lower  end  a  ring  is  screwed  upon  the  pipe,  to  which  the  lower 
head,  with  the  stuffing-boxes,  is  bolted.  The  piston  is  the  ordi- 
nary cast-iron  head,  with  a  follower  holding  a  cup  packing  in 
position.  The  piston  rod  is  1  in.  in  diameter,  and  is  attached 
to  the  yoke  of  the  hook  by  a  nut  held  in  position  by  a  split 
key.  The  arrangement  of  the  piping  is  clearly  shown.  The 
pipe  making  connections  between  the  top  and  bottom  press 
of  the  cylinder  is  4-in.  gas  pipe.  Our  other  engraving,  show. 
ing  the  valve  used  for  operating  the  hoist,  gives  a  very  clear 
idea  of  its  design.  It  is  shown  in  cross  and  vertical  sections, 
and  the  valve  is  attached  at.  the  lower  end  of  the  vertical  pipe, 
as  shown  by  the  eugraving.     The  valve  is  a   self  packing 
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three-way  plug-valve.  Air  is  admitted  at  the  left-hand  side 
of  the  vertical  section,  as  shown,  and  comes  immediately 
against  the  bottom  of  the  valve,  holding  it  up  against  its 
tapered  side  with  the  assistance  of  the  small  spring  that  is 
shown.  The  valve  may  be  turned  so  as  to  admit  air  either  to 
the  bottom  or  the  top  of  the  cylinder,  as  may  be  desired.  Of 
course  when  a  load  is  on  the  hook  no  air  need  be  admitted  to 
the  top  of  the  cylinder  for  the  purpose  of  lowering,  but  some- 
limes  when  it  is  up  and  no  weight  is  attached  the  frictional 
resistance  of  the  packing  against,  the  cylinder  will  be  sufficient 
to  hold  it  in  that  position  unless  some  effort  were  exerted  to 
force  it  down.  The  exhaust  is  led  out  through  the  center  of 
the  handle  and  blows  into  the  atmosphere.  It  will  be  readily 
understood  that  when  air  has  been  admitted  to  the  lower  part 
of  the  cylinder  it  can  be  shut  off  and  exhausted,  and  then  air 
admitted  to  the  upper  end  of  the  cylinder  or  to  exhaust  with 
perfect  ease. 

STANDARD  MUFFLED   POP-VALVE. 

In  our  description  of  the  Philadelphia  &  Rending  shops, 
published  in  our  issue  for  November,  1893,  we  gave  a  short 
memoranda  of  a  small  room  which  is  set  apart  for  the  testing 
and  the  setting  of  the  pop-valves  used  upon  the  locomotives. 
These  valves  are  tested  under  steam  pressure,  and  so  adjusted 
that  they  will  blow  down  about  4  lbs.  The  company  own 
such  a  large  number  of  locomotives  that  they  have  found  it  to 
be  to  their  advantage  to  make  their  own  valves  rather  than 
purchase  them  from  manufacturers.  The  valve  which  they 
use  is  a  combination  pop  and  muffler,  a  vertical  section  of 
which  we  give  in  the  accompanying  engraving.  It  will  be 
seen  that  it  does  not  differ  in  essential  particulars  from  the 
construction  of  the  other  pop-valves  already  upon  the  market. 
The  main  valve  is  of  4  in.  diameter,  with  the  wings  extending 
well  down  into  the  body  of  the  main  casting,  so  that  there  is 
no  danger  of  its  be- 
ing thrown  out  of 
alignment,  while 
there  is  a  play  of  fo 
in.  between  the 
wings  and  the  cas- 
ing. The  seat  of  the 
valve  is  rounded  in- 
stead of  being 
straight,  as  it  is  fre- 
quently made.  The 
groove  outside  of  the 
valve-seat  is  turned 
to  a   gauge   and    is 

about  |  in. deep  from  the  top  of  the  casing.  The  spring  is 
made  of  f  in.  square  steel,  2^  in.  outside  diameter,  and  rests 
upon  a  collar  that  in  turn  stands  on  a  shoulder  of  the  stem 
winch  comes  down  through  the  center  of  the  main  valve,  resting 
upon  it  1 j$  in.  below  the  valve-seat.  Outside  of  the  spring 
there  is  a  U-shaped  ring  perforated  with  3Vin.  holes  forming 
the  muffler,  and  through  which  the  escaping  steam  is  allowed 
to  pass.  The  valve  is  screwed  down  by  means  of  a  handle 
and  screw  shown  at  the  top  of  the  engraving.  The  valve 
does  not  differ  particularly  from  those  which  are  upon  the 
market,  but  is  simply  given  in  order  to  show  the  practices  of 
one  great  road  that  manufactures  its  own  valves,  and  from 
which  it  is  obtaining  very  satisfactory  results. 

JACKET   PUNCH   MACHINE. 

Every  sheet-iron  worker  who  has  had  to  do  with  the  placing 
of  jackets  on  locomotive  boilers  knows  the  difficulty  which 
he  experiences  and  the  time  which  it  occupies  in  punching 
the  necessary  rivet  holes.  The  little  tool  which  we  illustrate 
is  one  designed  at  the  Heading  shops  for  punching  a  large 
number  of  these  holes  at  one  and  the  same  time.  The  large 
engraving  at  the  lower  right-hand  corner  shows  the  shape  of 
the  punch  and  dies.  The  punch  is  5\  in.  in  diameter,  and  en- 
ters a  steel  die  which  is  let  into  the  frame  below.  The  machine 
consists  of  two  bars,  with  a  number  of  these  punches  and  dies 
arranged  at  intervals  of  \\  in.  apart  from  center  to  center,  and 
which  are  brought  together  by  screwing  down  on  the  handles 
operating  the  nuts  at  either  end  of  the  machine.  When  the 
machine  is  screwed  down  in  this  way  all  of  the  holes  are 
punched  exactly  in  line  and  at  the  proper  spacing  apart. 
Turning  back  ihe  handles  slackens  off  the  pressure  on  the 
back  of  the  upper  portion  of  the  frame  anil  it  is  thrown  up, 
thus  disengaging  the  punches  by  means  of  the  springs,  which 
are  placed  about  the  stem  of  the  screw. 

GRLMDSTONF.-TU1  INli    DEVICE. 

Every  shopman  where  the  grindstone  is  used  for  sharpening 
tools  or  for  other  purposes  knows  the  disadvantages  which 


accrue  from  its  use,  and  the  terrible  dust  which  is  usually 
raised  by  the   ordinary  apprentice  truing  down  a  grindstone 

!   after  it  has  been  worn  out  of  shape  by  repeated  grindings.     It 

|  is  a  piece  of  work  which  must  necessaiily  be  done,  and  the 
dust  which  it  creates  is  such  as  to  be  not  only  stifling  to  the 
workmen  in  the  immediate  vicinity,  but  decidedly  injurious 
to  all  bearings  and  working  parts  of  machinery  with  which  it 
comes  in  contact.  The  device  which  we  illustrate  is  a  very 
simple  affair,  and  can  be  readily  made  in  any  shape.     It  con- 

I  sists  of  a  bed-piece  of  cast  iron,  which  may  be  fastened  to  the 
frame  of  the  grindstone  by  set  screws,  and  on  this  bed-piece 

j  there  is  a  transverse  sliding  carriage  operated  by  a  screw 
like  an  ordinary  lathe.  This  carries  a  second  carriage  oper- 
ated in  the  same  way,  the  latter  carrying  a  chilled  wheel  re- 
volving on  an  arbor  at  its  front  side.  The  operation  and  the 
method  of  doing  the  work  will  be  very  readily  understood. 
The  bed-piece  is  clamped  in  position  and  the  lower  carriage 
run  so  that  the  chilled  piece  is  opposite  that  portion  of  the 
wheel  which  is  running  the  highest.  The  screw  of  the  upper 
carriage  forces  this  chilled  wheel  down  against  the  grindstone 
and  cuts  away  any  projection  which  may  exist  there,  and  by 
working  it  backward  and  forward  as  the  stone  is  cut  away,' it 
is  a  very  short  piece  of  work  to  remove  all  of  the  excrescences 
which  have  been  raised  by  the  tool  grinding,  and  bring  it 
back  to  a  condition  of  roundness  that  is  so  desirable  for  this 
class  of  tool.  The  apparatus  may  be  left  clamped  in  position 
and  the  stone  trued  up  every  day,  or  as  often  as  it  may  be 
desired  to  keep  it  in  perfect  condition  ;  and  where  such  a  de- 
vice as  this  is  available  and  can  be  used  at  a  moment's  notice, 
it  is  probable  that  the  wheel  will  be  kept  in  perfect  shape  ; 
but  where  we  depend  upon  the  iron  bar  and  the  apprentice 
attachment,  the  probabilities  are  that  the  stone  will  be  allowed 
to  become  so  badly  out  of  true  that  it  will  be  impossible  to  use  it 
before  any  steps  will  be  taken  to  bring  it  back  iuto  shape. 


GRINDSTONE  TRUING  DEVICE. 

THE  KINGSLAND  SHOPS  OF  THE  DELAWARE, 
LACKAWANNA  &  WESTERN  RAILROAD  COM 
PANY. 


We  believe  it  is  about  a  year  ago  that  the  Kingsland  shops 
of  the  Delaware,  Lackawanna  it  Western  Railroad  Company 
were  destroyed  bv  tire.  They  were  immediately  rebuilt,  but, 
of  course,  many  of  the  older  tools  and  special  appliances, 
which  had  been' designed  in  the  shop  for  particular  pieces  ol 
work,  were  destroyed,  and  as  there  is  no  record  left  of  them 
they  have  not  been  replaced.  Therefore  there  is  little  about 
the  shops  to  attract  especial  attention  on  the  ground  "f  its 
novelty.  There  are,  we  believe,  162  engines  to  be  taken  care 
of,  and  the  floor  space  anil  pits  available  for  the  work  render 
it  necessary  that  everv  inch  should  be  utilized  to  (he  utmost 
of  its  capacity,  and  even  then  it  is  difficult  to  i;.-t  out  tin-  work 
as  it  is  required.  It  is  probable  that  before  long  the  shops 
will  be  enlarged  and  more  pits  added.  However,  there  are  a 
few  little  wrinkles  about  the  simp  which  an- of  interest  and 
may  be  worth  imitating  by  others. 
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The  squaring  machine  for  driving-wheels  is  utilized  for 
turning  off  crank-pins  while  in  position  in  the  wheels.  This 
is  done  by  clamping  the  wheels  on  the  centers  and  in  position 
in  the  ordinary  way,  and  then  instead  of  the  boring  bar, 
which  is  used  tor  baring  them  out,  an  attachment  is  put  on 
with  an  overhanging  tool  that  is  driven  by  an  independent 
belt  and  which  turns  oft  the  crank-pins,  so  that  the  centers  are 
accurately  located  the  proper  distance  from  the  driving  center. 
It  is,  of  course,  necessary  to  treat  both  wheels  in  this  same 
way.  hut  it  has  been  found  that  the  work  is  very  satisfactory, 
and  the  pins  can  lie  turned  off  smooth  enough  for  immediate 
use,  and  far  more  rapidly  than  it  would  tie  possible  to  remove 
them  and  true  them  up  in  a  lathe  for  reinsertion.  The  tires 
are  all  shrunk  upon  ami  taken  off  from  the  driver  (enters  by 
the  use  of  the  Wells  light.  In  our  issue  for  March,  1893,  we 
published  a  description  of  the  apparatus  with  which  the  Wells 
light  is  adapted  for  this  purpose.  The  time  which  was  re- 
quired in  the  test  reported  at  that  time  was  141  minutes  for 
each  tire,  but  when  this  was  done  the  workmen  were  not 
skilled  in  the  handling  of  the  apparatus,  and  it  was  evident  to 
the  spectators  that  a  more  rapid  handling  would  be  accom- 
plished when  a  better  drilled  corps  had  charge  of  the  work. 
This  is  the  case,  ami  it  now  only  requires  from  10  to  12  min- 
utes to  heat  a  tire  and  remove  it. 

The  old  method  of  using  an  injector  for  testing  the  boiler 
is  in  use  here.  An  injector  is  attached  to  the  boiler  in  the 
ordinary  way.  and  forces  the  water  in  until  the  requisite  press- 
ure has  been  obtained. 

*  There  is  a  peculiar  wrinkle,  at  least  it  is  peculiar  to  us,  in 
regard  to  the  manufacture  of  piston-rods,  that  is  giving  very 
good  satisfaction.  Instead  of  having  the  rod  hammered  out 
and  then  turned  off  in  the  ordinary  manner,  the  rod  is  ham- 
mered, and  while  it  is  still  hot  is  given  a  three  quarter  twist 
from  end  to  end.  This  seems  to  so  interlace  the  fibers  of  the 
metal,  that  after  it  is  turned  off  it  possesses  a  greater  strength 
than  when  it  is  left  in  the  condition  that  usually  obtains  when 
it  comes  from  the  hammer  direct.  We  do  not  know  that  this 
method  is  used  in  other  shops,  but  it  is  considered  in  Kings- 
land  to  be  a  very  great  and  desirable  improvement  in  the  manu- 
facture of  piston-rods. 

The  standard  piston-head  in  use  is  solid  with  the  rings 
sprung  over  and  a  couple  of  small  holes  drilled  underneath 
for  admitting  the  steam  pressure  beneath  the  rings  that  is  re- 
quired. Two  cast  iron  rin^s  are  used,  ami  these  are  turned 
off  slightly  larger  than  the  cylinder,  sprung  over  the  head 
and  then  sprung  down  so  as  to  enter  the  cylinder. 

The  exhaust  nozzles  that  are  used  are  4  in.  in  diameter, 
which  gives  a  very  even  exhaust.  They  are  single  and  the 
partition  extends  well  up,  so  that  there  is  no  possibility  of  the 
exhaust  passing  over  from  one  cylinder  to  the  other  and  caus- 
ing an  undue  back  pressure. 

Every  master  mechanic  has  experienced  more  or  less  diffi- 
culty with  breaking  of  rod-straps  that  have  been  designed  too 
small  for  the  servii-e  which  they  are  called  upon  to  render. 
This  difficulty  has  been  obviated  on  a  number  of  engines  in 
the  Kingsland  shops,  by  widening  out  the  rod-straps  on  the 
front  end  of  the  connecting-rod.  There  is  really  no  necessity 
for  anj  flanges  here,  as  the  box  is  held  securely  in  position  by 
the  sides  of  the  cross  bead  when  the  strap  is  widened  out,  until 
it  comes  in  contact  with  the  cross  head  and  is  held  in  position 
laterally.  By  widening  it  out  a  very  large  percentage  of  in- 
ereasi  d  strength  is  added,  and  where  this  has  been  done  all 
trouble  from  broken  straps  has  entirely  disappeared.  It  is 
nothing  more  than  would  suggest  itself  to  any  one,  and  yet 
there  are  some  who  are  BO  firmly  convinced  that  a  flange  on  the 
brass  is  necessary,  that  they  will  hesitate  to  widen  the  strap. 
It  is  a  parallel  case  with  the  collarless  crank-pins,  which  came 
into  use  some  time  ago  on  the  main  driving-wheels.  The  bos 
of  the  side  roils  and  the  main  rods  coming  together  hold  each 
other  firmly  in  position,  anil  there  is  no  use  for  a  collar  on  the 
crank-pin.  except  to  weaken  the  same  and  make  work  in  the 
shop. 

Some  months  ago  there  was  a  discussion  at  the  New  York 
Railroad  Club  regarding  the  broken  mogul  frames,  and  very 
little  information  was  elicited  as  to  their  causes.  The  nearest 
approach  in  actual  statement  of  the  1  that  the  frami  - 

were  nut  strong  enough  for  the  work.  Some  time  after  the 
meeting  we  saw  -nun  mogul  frames  in  which  the  fillets  on 
the  inside  of  tin-  pedestals  were  not  more  than  three-quarters 

uf  an  inch  in  radius,  and  these  engines  were  giving  a  great 
deal  of  trouble  by  breaking  through  at  this  point,  clearly  prov 
ing  the  efficiency  and   necessity  of  a  good    large  fillet.      While 

these  engines  did  not  belong  to  the  Delavi  ire,  Lackawanna  A 
Western  Road,  and  although  all  the  engines  there  had  large 
and  substantial  fillets,  il  has  been  found  that  it  is  very  greatly 
to  the  advantage  of  tin-  engine  to  have  the  end  boxes  of  the 
mogul  engines  keyed  up  rather  loosely  and  the  main  boxes 


tightly.  This  allows  for  a  little  longitudinal  motion  as  well 
as  a  free,  lateral  play  on  rounding  curves,  and  takes  the  strain 
off  from  the  frames  by  allowing  the  wheels  to  adjust  them- 
selves to  the  track  in  a  proper  and  natural  way.  The  Com- 
pany casts  their  own  brasses,  and  uses  a  composition  of  five 
and  one  half  of  copper  to  one  "of  tin.  The  cast-steel  driver- 
Imxes  have  brass  liners  of  this  metal.  Of  course  in  a  shop 
which  has  been  so  recently  rebuilt  there  are  a  number  of  very 
fine  machine  tools  which  are  doing  admirable  work.  Among 
others  there  is  a  quick  return  Sellers  planer  of  the  latest  design 
that  reminds  one  more  of  the  quick  gig  of  a  saw-mill  carriage 
than  anything  else  we  have  ever  seen  in  the  way  of  a  machine 
tool.  The  forward  motion  on  this  planer  is  about  25  ft.  per 
minute,  but  the  return  motion  is,  we  believe,  about  125  ft. 


PROGRESS  IN  FLYING  MACHINES. 


Bv  O.  Chanute,  C.E. 


( Concluded  from  page  583,  Volume  LXVII.) 

The  general  problem  having  been  thus  decomposed  into  its 
several  elements,  and  each  clement  considered  as  a  separate 
problem,  it  will  be  seen  that  the  mechanical  difficulties  are 
very  great  ;  but  it  will  be  discerned  also  that  none  of  them 
can  nowr  be  said  to  be  insuperable,  and  that  material  progress 
has  recently  been  achieved  toward  their  solution. 

The  resistance  and  supporting  power  of  air  are  approxi- 
mately known,  the  motor  and  the  propelling  instrument  are 
probably  sufficiently  worked  out  lo  make  a  beginning  ;  we 
know  in  a  general  way  the  kind  of  apparatus  to  adopt,  its 
approximate  extent  and  required  texture  of  sustaining  sur- 
faces, and  there  remain  to  solve  the  problems  of  the  mainte- 
nance of  the  equilibrium,  the  guidance,  the  starting  up,  and 
the  alighting,  as  well  sis  the  final  combination  of  these  several 
solutions  into  one  homogeneous  design. 

In  spite,  therefore,  of  the  continued  failures  herein  re- 
corded, it  is  my  own  judgment,  as  the  result  of  this  investi- 
gation into  the  "  progress  in  flying  machines,"  more  particu- 
larly the  progress  of  late  years,  and  into  the  recent  studies  of 
the  principles  and  problems  which  are  involved,  that,  once 
the  problem  of  equilibrium  is  solved,  man  may  hope  to  navi- 
gate the  air,  and  that  this  will  probably  be  accomplished  (per- 
haps at  no  very  distant  day),  with  some  form  of  aeroplane 
provided  with  fixed  concavo-convex  surfaces,  which  will  at 
first  utilize  the  wind  as  a  motive  power,  and  eventually  he- 
provided  with  an  artificial  motor. 

The  conclusion  that  important  progress  may  be  achieved 
without  an  artificial  motor  was  little  expected  when  this  in- 
vestigation was  begun  ;  but  the  study  of  the  various  experi- 
ments which  have  been  passed  in  review,  the  perception  of  the 
partial  successes  which  have  been  accomplished  with  soaring 
devices,  and  the  general  consideration  of  the  subject,  have 
led  to  the  conclusion  that  the  first  problem  which  it  is  needftd 
to  solve  is  that  of  the  equilibrium,  and  that  in  working  this 
out  the  wind  may  furnish  an  adequate  motive  power. 

Preliminary  experiments  will,  of  course,  be  tried  upon  a 
small  scale,  but  no  experiment  with  a  model  can  be  deemed 
quite  conclusive  until  the  same  principles  have  been  extended 
to  a  full-sized  apparatus  capable  of  sustaining  a  man,  and 
until  this  has  been  exposed  to  all  the  vicissitudes  of  actual 
Might.  It  will  readily  be  discerned  that  a  less  achievement 
than  this  would  not  prove  an  adequate  performance,  and  that 
no  matter  how  well  a  model  might  behave  in  still  air,  then- 
would  still  remain  the  questions  as  to  how  it  would  behave  in 
a  wind,  and  how  it  was  to  solve  the  problems  of  starting  up 
and  of  alighting. 

It  would  seem,  therefore,  that  the  first  problem  to  solve  is 
that  of  the  maintenance  of  the  equilibrium  at  all  the  angles  of 
incidence  required  ;  in  rising,  in  sailing,  in  encountering  wind 
eddies,  and  in  alighting. 

For  this  purpose,  it  is  now  my  opinion,  based  upon  the  per- 
formance of  the  soaring  birds  and  upon  the  partial  success  of 
some  soaring  devices,  that  the  problem  of  equilibrium  can 
best  be  solved  with  an  apparatus  which  shall  utilize  the  wind 
as  a  motive  power — i.e.,  with  some  form  of  aeroplane  of  suffi- 
cient size  to  sustain  a  man,  with  which  the  operator  shall  en- 
deavor to  perform  the  various  manoeuvres  required  to  meet 
the  varying  conditions  Of  actual  flight,  and  to  preserve  at  all 
times  his  balance  in  the  air.  In  other  words,  a  flying  machine 
10  In-  successful  must  la-  at  all  times  under  intelligent  control, 
and  the  skill  to  obtain  thai  control  may  be  acquired  by  utiliz- 
ing the  impulse  of  the  wind,  thus  eliminating,  for  a  time  al 
least,  the  further  complications  incident  to  a  motor. 
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But  whether  a  soaring  device  be  first  experimented  with, 
or  whether  the  initial  apparatus  be  provided  with  a  motor, 
the  next  question  pertains  to  the  conditions  under  which  a 
machine  carrying  a  man  can  be  experimented  with  most 
safely. 

Various  methods  have  been  suggested,  and  a  few  have  been 
tried.  The  most  obvious  is  to  suspend  the  apparatus  from  a 
cable  stretched  between  two  tall  masts  or  between  two  sleep 
hills.  Tin's  has  been  proposed  many  times,  but  we  have  seen 
by  the  experience  of  M.  Sandereai  thai  it  does  not  afford  suffi- 
cient length  of  suspending  rope  to  permit  of  unimpeded  manoeu- 
vres, and  that  experience  gained  in  that  way  would  scarcely 
be  available  in  free  flight.  A  preferable  plan  has  been  pro- 
posed by  31.  Duryea  (and  probably  by  others),  which  consists 
in  suspending  the  apparatus  to  be  experimented  with  from  a 
captive  balloon,  anchored  by  several  divergent  ropes  so  as  to 
remain  a  half  mile  or  thereabouts  from  the  ground,  as  shown  in 

_  -  i.  By  means  of  a  rope  passing  through  a  pulley  block 
attached  to  the  balloon,  and  thence  to  a  windlass  on  the  ground, 
the  machine  to  be  experimented  with  may  be  drawn  into  the  air 
to  a  sufficient  height  to  clear  the  gusty  air  conditions  found  at 
or  near  the  ground,  and  there,  in  comparative  safety,  the  sky- 
cycler  might  manipulate  his  devices,  ascertain  the  effect  of 
various  manoeuvres,  and  gradually  gain  control,  skill,  and  con- 
fidence preparatory  to  trusting  himself  to  actual  flight. 


Fig.  S3.-DURYEAS  PROPOSAL— 1893. 

This  method  is  understood  to  have  been  employed  by  M. 
ft  K.  Myen,  the  aeronautical  engineer,  in  experimenting  with 
parachutes,  and  to  have  given  promise  of  satisfactory  results 
within  certain  limits.  It  is  well  worth  testing  as  a  preliminary 
trial  of  a  flying  apparatus,  but  it  should  be  remembered  that 
a  machine  suspended  from  a  rope,  however  long,  will  not  be 
under  quite  the  same  circumstances  as  in  free  flight.  Even  if 
it  rises  upon  the  wind  and  is  wholly  supported  thereon  it  will 
still  be  hampered  by  the  rope,  and  perhaps  restrained  from 
some  action  which  it  is  important  to  understand  in  order  to 
maintain  the  equilibrium,  so  that  the  operator  will  never  be 
quite  certain  that  he  has  gained  complete  control  over  his 
apparatus. 

other  methods  have  been  proposed  by  various  writers.  M. 
Oh.  Weyher,  for  instance,  in  the  ASronaute  for  July,  1884, 
suggested  the  construction  of  a  circular  railway  of  600  to 
1.000  ft.  diameter,  upon  which  a  large  platform  car,  covered 
with  a  soft  mattress,  should  carry  the  apparatus  to  be  tested, 
attached  with  restraining  ropes  about  breast  high.  This  car 
to  be  towed  at  varying  speeds  by  a  locomotive,  so  as  to  afford 
a  sustaining  effect  and  to  encounter  the  wind  at  various  angles, 
until  the  operator  shall  master  the  necessary  manoeuvres. 

M.  A  "n  the  other  hand,  proposes  a  circular  ele- 

':  railway  consisting  of  a  single  central  girder  suspended 
by  wire  ropes  between  two  row-  of  posts,  ami  serving  to  carry 
a  truck  to  which  the  apparatus  t  <  1»-  experimented  with  may 
be  suspended.  In  this  case  the  machine  might  lie  provided 
with  its  own  motive  power,  or  towed  by  a  wire  rope,  or  driven 
by  an  electric  motor,  but  in  either  case  there  would  still  re- 
main the  restraint  of  the  safety  suspending  rope,   which,  as 


previously"suggested,"might  vitiate  the  various  'airreactions 
which  it  is  important  for  the  operator  to  experience  practi- 
cally. 

These,  and  other  devices  which  may  be  suggested,  may 
doubtless  prove  useful  in  making  the  preliminary  trials  with 
various  forms  of  apparatus,  thus  testing  their  behavior  when 
restrained,  but  there  will  always  come  a  time  when  such  ap- 
paratus, if  apparently  adequate,  must  be  tried  at  full  liberty 
and  encoumer  all  the  contingencies  of  free  flight.  It  seem* 
clear  that  after  the  preliminary  trials  with  models  have  been 
made,  time  may  be  saved  in  ascertaining  the  full  merits  of  a 
device  and  in  improving  it,  if  experiments  with  the  full-size 
apparatus  be  made  at  entire  liberty  instead  of  under  restraint, 
provided  adequate  precautions  be  taken  to  avoid  serious  injury 
in  alighting. 

Referring  to  the  various  experiments  which  have  been  made 
with  full-sized  apparatus,  more  particularly  those  of  Bant,, 
I.e  Brii,  Mbvittard,  Lilienthal,  and  Montgomery,  it  is  seen  that 
adopted  the  more  rational  plan  of  all  by  experimenting 
over  a  sheet  of  water,  although  the  exact  method  he  pursued 
is  not  known. 

Upon  the  whole,  the  best  mode  of  procedure  is  probably 
that  proposed  by  Le  Bris,  which  want  of  means  prevented 
him  from  adopting — that  is  to  say,  to  start  from  the  deck  of  a 
steam  vessel  under  way.  so  as  to  obtain  initial  velocity,  as 
well  as  to  face  the  wind  from  whatever  direction  it  may  blow, 
and  to  be  quickly  picked  up  after  alighting.  If  the  machine 
be  provided  with  a  light  buoy  and  line,  and  the  operator  be 
encased  in  a  cork  jacket  or  life-preserver,  he  may  thus  quickly 
put  to  the  test  the  merits  and  the  deficiencies  of  his  appar- 
atus with  but  little  danger  to  himself,  and  ascertain  whether 
it  can  be  brought  under  control.  The  machine  may  experi- 
ence breakages,  the  operator  will  doubtless  suffer  many  duck- 
ings, he  may  even  be  stunned  at  times,  but  he  is  not  likely  to 
lose  his  life  or  to  break  a  limb,  as  he  might  do  were  he  to  ex- 
periment over  land. 

It  is  believed  that  salt  water  is  preferable  to  fresh  water, 
over  which  to  carry  on  such  experiments,  not  only  because  of 
the  greater  buoyant  power  of  the  water,  but  especially  because 
sea  breezes  are  "more  regular  and  less  gusty  than  land  breezes. 
It  is  evident  that  it  would  be  preferable  to  operate  over  a 
genial  or  a  tepid  sea.  in  trade-wind  regions  if  possible,  and  in 
locations  where  steady  sea  breezes  of  no  great  intensity  may 
be  relied  upon  to  blow  almost  daily.  It  would  be  desirable 
to  select  the  vicinity  of  some  projecting  tongue  of  land  or  of 
some  isthmus,  where  captive  preliminary  tests  may  be  made, 
and  also  that  there  should  be  a  cliff  in  the  neighborhood 
whence  models  and  perhaps  the  apparatus  itself  might  be 
floated  off.  There  are  many  such  spots  to  be  found  within 
proximitv  of  machine  shops,  in  the  Mediterranean,  in  the  Gulf 
of  Mexico,  and  on  the  coast  of  Southern  California,  and  the 
attention  of  designers  of  flying  machines,  who  may  want  to 
test  the  merits  of  their  devices  upon  a  really  adequate  scale, 
is  particularly  directed  to  the  vicinity  of  San  Diego,  Cal., 
where  all  the  circumstances  which  have  been  alluded  to  are  to 
be  found  combined,  even  to  a  local  railroad  along  the  beach, 
on  which  the  tests  proposed  by  M.  Weyher  might  be  carried  on. 
All  this  presupposes  that  the  preliminary  experiments  with 
small  models  have  resulted  satisfactorily,  and  that  the  designer 
wishes  further  to  test  the  merits  of  his  apparatus  upon  a  prac- 
tical working  scale,  with  a  machine  capable  of  carrying  a 
man  and  provided  with  the  requisite  devices  to  bring  it  under 
control  while  in  the  air,  and  thus  to  work  out  the  problem  of 
equilibrium.  The  expense  will  doubtless  be  considerable,  and 
the  mishaps  not  infrequent,  but  there  seems  to  be  no  surer 
way  of  ascertaining  whether  a  full-sized  apparatus  will  pre- 
serve its  balance  in  the  air,  while  the  risk  of  serious  injury 
will  be  small.  If  such  experiments  finally  succeed  in  solving 
the  equilibrium  problem,  in  securing  safety  in  rising,  in  sail- 
ins,  and  in  coming  down,  with  a  machine  carrying  its  oper- 
ator, an  immense  step  forward  will  have  been  taken  toward 
solving  the  other  problems  mentioned,  and  toward  finally  de- 
veloping a  safe  flving  machine,  provided  with  a  motor  of  its 
own  and  capable  of  being  operated  anywhere  ;  for  once  safety 
has  been  secured  under  the  various  actual  conditions  of  out- 
door performance,  it  ought  to  be  a  comparatively  easy  and 
short  task  to  work  out  the  other  questions,  save  perhaps  those 
pertaining  to  the  starting  up  from  and  alighting  upon  the 
ground. 

Assuming  all  this  to  be  possible — and  while  the  mechani- 
cal" difficulties  are  doubtless  great,  they  do  not  seem  to 
1m-  insuperable— the  final  working  out  of  the  general  prob- 
lem is  likely  to  take  place  through  a  process  of  evolution. 

The   Oral    apparatus  to  achieve  a   notable  success  will   i 
sarilv  !«•  somewhat  crude  and  imperfect.     It  will  probably 
need"  to  be   modified,  reconstructed,  and  readventured  many 
times  before  it  is  developed  into  practical  shape.     The  invent 
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or  will  doubtless  have  to  construct  the  first  models  and  per- 
haps  the  first  full-sized  machine  at  his  own  expense,  in  order 
to  demonstrate  the  soundness  of  his  conception  and  the  com- 
parative safety  of  its  operation  ;  but  after  this  much  is  accom- 
plished further  remodelling  and  experiment  will  still  probably 
be  required  to  develop  the  apparatus  into  commercial  value. 

This  phase  of  the  evolution  is  likely  to  require  the  aid  of 
capital,  because  the  expense  may  be  quite  considerable  :  and 
inasmuch  as  a  financial  venture  to  develop  such  a  difficult  and 
novel  contrivance  must  be  gone  into  as  a  hazard,  with  the 
acceptance  of  the  possibility  of  total  loss  as  an  offset  for  the 
hope  of  drawing  a  prize,  the  parties  advancing  the  capital  will 
probably  require  that  the  invention  (if  invention  there  be) 
shall  be  fully  protected  by  patents. 

In  view  of  this  probable  requirement,  it  may  be  questioned 
whether  M.  Hargrave  is  quite  prudent  in  taking  out  no  pat- 
ents for  his  various  devices,  for  he  hints  in  his  last  paper  that 
he  is  hampered  in  his  experiments  by  having  to  perform  them 
in  public.  The  difficulty  arises  from  the  fact  that  the  experi- 
ments, to  be  of  practical  value,  have  to  be  performed  out  of 
doors,  and  the  writer  knows  of  some  designers  who,  unable,  on 
the  one  hand,  to  secure  a  patent — in  the  United  States  at  least 
— until  they  can  demonstrate  the  practical  performance  which 
they  hope  for,  and  apprehensive,  on  the  other  hand,  of  being 
annoyed  by  spectators,  have  retired  into  a  wilderness  to  make 
their  experiments,  thus  placing  themselves  at  serious  disadvan- 
tage in  case  a  mishap  of  any  kind  occurs. 

Most  of  the  patents  heretofore  granted  for  flying  machines 
are  quite  impracticable,  yet  the  claims  cover,  here  and  there, 
some  feature  which  may  eventually  contribute  to  success.  It 
will  be  judicious,  therefore,  for  designers  of  projected  flying 
machines  to  study  prior  patents,  and  an  attempt  has  been 
made  in  these  pages  to  indicate  some  of  those  which  contain 
valuable  suggestions.  The  nocelty  (if  any)  in  future  patents 
will  probably  largely  consist  in  new  combinations  of  features 
already  patented. 

There  are  probably  a  good  many  arrangements  of  sustaining 
surfaces  which  will  prove  available  for  aeroplanes  ;  some  will 
prove  more  effective  and  steadier  than  others,  and  this  must 
be  ascertained  by  experiment  ;  but  in  any  event  success  would 
be  hastened  by  a  working  association  of  experimenters  in  this 
inchoate  research,  for  the  problems,  as  has  been  seen,  are 
many,  and  no  inventor  is  likely  to  be  in  possession  of  all  the 
miscellaneous  knowledge  and  variety  of  talent  required  to 
perfect  so  novel  an  undertaking. 

To  the  possible  inquiry  as  to  the  probable  character  of  a 
successful  flying  machine,  the  writer  would  answer  that  in 
his  judgment  two  types  of  such  machines  may  eventually  be 
evolved  :  one,  which  may  be  termed  the  soaring  type,  and 
which  will  carry  but  a  single  operator,  and  another,  likely  to 
be  developed  somewhat  later,  which  may  be  termed  the  jour- 
neying type,  to  carry  several  passengers,  and  to  be  provided 
with  a  motor. 

The  soaring  type  may  or  may  not  be  provided  with  a  motor 
of  its  own.  If  it  has  one  this  must  be  a  very  simple  machine, 
probably  capable  of  exerting  power  for  a  short  time  only,  in 
order  to  meet  emergencies,  particularly  in  starting  up  and  in 
alighting.  For  most  of  the  time  this  type  will  have  to  rely 
upon  the  power  of  the  wind,  just  as  the  soaring  birds  do,  and 
whoever  has  observed  such  birds  will  appreciate  how  continu- 
ously they  can  remain  in  the  air  with  110  visible  exertion. 
The  utility  of  artificial  machines  availing  of  the  same  mechan- 
ical principles  as  the  soaring  birds  will  principally  be  confined  to 
those  regions  in  which  the  wind  blows  with  such  regularity,  such 
force,  and  such  frequency  as  to  allow  of  almost  daily  use. 
These  are  the  sub  tropical  and  the  trade-wind  regions,  and  the 
best  conditions  are  generally  found  in  the  vicinity  of  moun- 
tains or  of  the  sea 

This  is  the  type  of  machine  which  experimenters  with  soar- 
ing devices  heretofore  mentioned  have  been  endeavoring  to 
work  out.  If  unprovided  with  a  motor,  an  apparatus  for  one 
man  need  not  weigh  more  than  40  or  50  lbs.,  nor  cost  more 
than  twice  as  much  as  a  first  class  bicycle  Such  machines 
therefore  are  likely  to  serve  for  sport  and  for  reaching  other- 
wise inaccessible  places,  rather  than  as  a  means  of  regular 
travel,  although  it  is  not  impossible  that  in  trade-wind  lati- 
tudes extended  journeys  anil  explorations  may  be  accomplished 
with  them  ;  but  if  we  are  to  judge  by  the  performance  of  the 
soaring  birds,  the  average  speeds  are  not  likely  to  be  more  than 
20  to  30  miles  per  hour. 

The  other,  or  journeying  type  of  flying  machines,  must  in- 
variably be  provided  with  a  powerful  anil  light  motor,  but 
they  will  also  utilize  the  wind  at  times.  They  will  probably 
be  as  small  as  the  character  of  the  intended  journey  will  admit 
of,  for  inasmuch  as  the  weights  will  increase  as  the  cube  of  the 
dimensions,  while  the  sustaining  power  only  grows  as  the 
square  of  those  dimensions,  thejarger  the  machine  the  great- 


er the  difficulties  of  light  construction  and  of  safe  opera- 
tion. It  seems  probable,  therefore,  that  such  machines  will 
seldom  be  built  to  carry  more  than  from  three  to  10  passen- 
gers, and  will  never  compete  for  heavy  freights,  for  the  useful 
weights,  those  carried  in  addition  to  the  weight  of  the  machine 
itself,  will  be  very  small  in  proportion  to  the  power  required. 
Thus  M.  Maxim  provides  his  colossal  aeroplane  (5,500  sq.  ft. 
of  surface)  with  300  II. P.,  and  he  hopes  that  it  will  sustain  an 
aggregate  of  7  tons,  about  one-half  of  which  consists  in  its 
own  dead  weight,  while  the  same  PI. P.,  applied  to  existing 
modes  of  transportation,  would  easily  impel— at  lesser  speed, 
it  is  true — from  350  to  700  tons  of  weight  either  by  rail  or  by 
water. 

Although  it  by  no  means  follows  that  the  aggregate  cost  of 
transportation  through  the  air  will  be  in  proportion  to  the 
power  required,  the  latter  being  but  a  portion  of  the  expense, 
it  does  not  now  seem  probable  that  flying  machines  will  ever 
compete  economically  with  existing  modes  of  transportation. 
It  is  premature,  in  advance  of  any  positive  success,  to  specu- 
late upon  the  possible  commercial  uses  and  value  of  such  a 
novel  mode  of  transit,  but  we  can  already  discern  that  its 
utility  will  spring  from  its  possible  high  speeds,  and  from  its 
giving  access  to  otherwise  unreachable  points. 

It  seems  to  the  writer  quite  certain  (hat  flying  machines  can 
never  carry  even  light  and  valuable  freights  at  anything  like 
the  present  rates  of  water  or  laud  transportation,  so  that  those 
who  may  apprehend  that  such  machines  will,  when  success- 
ful, abolish  frontiers  and  tariffs  are  probably  mistaken. 
Neither  are  passengers  likely  to  be  carried  with  the  cheapness 
and  regularity  of  railways,  for  although  the  wind  may  be 
utilized  at  times  and  thus  reduce  .the  cost,  it  will  introduce 
uncertainty  in  the  time  required  for  a  journey.  If  the  wind 
be  favorable,  a  trip  may  be  made  very  quickly  ;  but  if  it  be 
adverse,  the  journey  may  be  slow  or  even  impracticable. 

The  actual  speeds  through  the  air  will  probably  be  great. 
It  seems  not  unreasonable  to  expect  that  they  will  be  40  to  60 
miles  per  hour  soon  after  success  is  accomplished  with  ma- 
chines provided  with  motors,  and  eventually'  perhaps  from  100 
to  150  miles  per  hour.  Almost  every  element  of  the  problem 
seems  to  favor  high  speeds,  and,  as  repeatedly  pointed  out, 
high  speeds  will  be  (within  certain  limits)  more  economical 
than  moderate  speeds.  This  will  eventually  afford  an  ex- 
tended range  of  journey — not  at  first,  probably,  because  of 
the  limited  amount  of  specially  prepared  fuel  which  can  be 
carried,  but  later  on  if  the  weight  of  motors  is  still  further  re- 
duced. Of  course  in  civilized  regions  the  supply  of  fuel  can 
easily  be  replenished,  but  in  crossing  seas  or  in  explorations 
there  will  be  no  such  resource. 

It  seems  difficult,  therefore,  to  forecast  in  advance  the  com- 
mercial results  of  a  successful  evolution  of  a  flying  machine. 
Nor  is  this  necessary  ;  for  we  may  be  sure  that  such  an  un- 
trammelled mode  of  transit  will  develop  a  usefulness  of  its 
own,  differing  from  and  supplementing  the  existing  modes  of 
transportation.  It  certainly  must  advance  civilization  in 
many  ways,  through  the  resulting  access  to  all  portions  of  the 
earth,  and  through  the  rapid  communications  which  it  will 
afford. 

It  has  been  suggested  that  the  first  practical  application  of 
a  successful  flying  machine  would  be  to  the  art  of  war,  and 
this  is  possibly  true  ;  but  the  results  may  be  far  ditferent  from 
those  which  are  generally  conjectured.  In  the  opinion  of  the 
writer  such  machines  are  not  likely  to  prove  efficient  in  at- 
tacks upon  hostile  ships  and  fortifications.  They  cannot  be 
relied  upon  to  drop  explosives  .with  any  accuracy,  because 
the  speed  will  be  too  great  for  effective  aim  when  the  exact 
distance  anil  height  from  the  object  to  be  hit  cannot  be  accu- 
rately known.  Any  one  who  may  have  attempted  to  shoot  at 
a  mark  frum  a  rapidly  moving  railway  train  will  probably  ap- 
preciate how  uncertain  the  shot  must  be. 

For  reconnoitring  the  enemy's  positions  and  for  quickly 
conveying  information  such  machines  will  undoubtedly  be  of 
great  use,  but  they  will  be  very  vulnerable  when  attacked 
with  similar  machines,  and  when  injured  they  may  quickly 
crash  down  to  disaster.  There  is  little  question,  however, 
that  they  may  add  greatly  to  the  horrors  of  battle  by  the  pro- 
miscuous dropping  of  explosives  from  overhead,  although 
their  limited  capacity  to  carry  weight  will  not  enable  them  to 
take  up  a  large  quantity,  nor  to  employ  any  heavy  guns  with 
which  to  secure  better  aim. 

Upon  the  whole,  the  writer  is  glad  to  believe  that  when  man 
succeeds  in  flying  through  the  air  the  ultimate  effect  will  be 
to  diminish  greatly  the  frequency  of  wars  and  to  substitute 
some  more  rational  methods  of  settling  international  misunder- 
standings. This  may  come  to  pass  not  only  because  of  the 
additional  horrors  which  will  result  in  battle,  but  because  no 
part  of  the  field  will  lie  safe,  no  matter  how  distant  from  the 
actual  scene  of  conflict.     The  effect  must  be  to  produce  great 
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uncertainty  as  to  the  results  of  manoeuvres  or  of  superior 
forces,  by  the  removal  of  that  comparative  immunity  from 
danger  which  is  necessary  to  enable  the  commanding  officers 
to  carry  out  their  plans,  for  a  chance  explosive  dropped  from 
a  flying  machine  may  destroy  the  chiefs,  disorganize  the  plans, 
and  bring  confusion  to  the  stronger  or  more  skillfully  led 
side.  This  uncertainty  as  to  results  must  render  nations  and 
aulborities  still  more  unwilling  to  enter  into  contests  than 
they  are  now,  and  perhaps  in  time  make  wars  of  extremely 
rare  occurrence. 

So  may  it  be  ;  let  us  hope  that  the  advent  of  a  successful 
flying  machine,  now  only  dimly  foreseen  and  nevertheless 
thought  to  be  possible,  will  bring  nothing  but  good  into  the 
world  ;  that  it  shall  abridge  distance,  make  all  parts  of  the 
globe  accessible,  bring  men  into  closer  relation  with  each 
other,  advance  civilization,  and  hasten  the  promised  era  in 
which  there  shall  be  nothing  but  peace  and  goodwill  among 
all  men. 


THE    DRIGGS-SCHROEDER    RAPID-FIRE    GUNS. 


The  Driggs-Schroeder  rapid-fire  gun,  of  which  we  give 
illustrations,  is  one  of  the  number  that  is  to  be  tested  by  the 
Ordnance  Department  of  the  United  States  Army,  at  Sandy 
Hook,  as  soon  as  the  preparations  for  the  trial  can  be  com- 
pleted. It  has  undergone  the  tests  of  the  Navy  Department, 
and  has  been  accepted  by  it  and  placed  upon  several  of  the 
vessels  in  the  Navy.  Among  others  there  are  eight  of  these 
guns  on  the  cruiser  New  York.  The  rapid-fire  guns  have 
been  developed  as  a  necessary  result  of  the  fleets  of  fast  tor- 
pedo boats,  which  cause  the  naval  officials  of  the  world  to 
recognize  the  fact  that  the  best  defense  against  their  attack  lay 
in  a  great  volume  of  fire,  which  could  best  be  obtained  by 
increasing  the  number  of  small  guns  on  board  ship,  and  giving 
each  one  great  rapidity  of  fire  and  accuracy  of  aim  The  in- 
troduction of  the  metallic  casing  for  the  ammunition  with  the 
breech-operating  mechanism,  which  reduces  the  time  required  to 
eject,  load,  and  cock  to  the  minimum,  affords  the  best  solution 
of  the  problem.  In  connection  with  this  it  was  also  necessary 
that  the  gun  should  be  freely  movable  about  a  center  pivot; 
and  that  the  gunner  should  be  protected  against  the  effects  of 
the  recoil.  These  are  the  particular  features  of  the  rapid  fire 
gun  as  they  have  been  developed  at  the  present  time.  Al- 
though some  of  these  guns  are  mounted  without  a  recoil,  it 
has  been  found  expedient  and  feasible  to  use  mounts  which 
allow  of  a  slight  recoil  in  the  line  of  fire  in  connection  with 
automatic  return  to  battery.  When  this  is  done  the  stock  is 
attached  to  the  rigid  portion  of  the  mount.  Advantage  is 
taken  of  the  power  of  the  recoil  and  counter-recoil  to  utilize 
it  in  assisting  in  some  of  the  operations  of  the  service  of  the 
gun,  such  as  opening,  ejecting,  and  cocking  by  the  counter- 
recoil.  Thus  the  difference  in  time  between  an  aimed  and  an 
unaimed  shot  is  reduced  simply  to  the  time  occupied  in  point- 
ing, and  the  only  operations  in  which  the  rates  of  fire  are 
usually  compared  are  those  of  extracting  and  loading. 

For  a  number  of  years  the  rapid-fire  principle  was  only 


applied  to  guns  throwing  projectiles  weighing  6  lbs.  or  less, 
but  as  their  powers  were  increased  and  the  quality  of  the  am- 
munition improved,  they  have  been  expanded  so  as  to  em- 
brace calibers  up  to  6  in. 

The  breech  mechanism  of  the  Driggs-Schroeder  system  is 
shown  in  the  engraving  giving  the  longitudinal  vertical  sec- 
tion. The  top  of  the  breech  is  protected  and  there  is  no  open- 
ing through  which  rain  or  dirt  can  enter,  and  even  when  tie 
breech  is  open  the  block  and  entire  mechanism  remain  within 
the  curtain  and  are  completely  protected.  The  block  is  very 
light,  and  thus  promoles  rapidity  of  fire.  The  gain  in  power 
is  due  to  the  increased  travel  of  the  shot,  and  is  not  accom- 
panied by  any  sensible  increase  in  the  violence  of  the  recoil. 
There  are  also  double  independent  extractors.  The  gun  can 
be  readily  placed  at  half-cock,  and  the  device  for  automatically 
ejecting  the  empty  cartridge  case  is  readily  worked. 

Our  illustrations  of  the  profile  and  longitudinal  sections  of 
the  gun  show  its  general  construction  very  clearly.  The  hoop, 
which  is  the  first  piece  to  be  shrunk  on  the  tube,  is  expanded 
by  heat  and  slipped  on  from  the  muzzle  end  until  the  shoulder 
on  its  interior  is  close  against  a  corresponding  shoulder  on  the 
tube,  and  it  is  firmly  held  in  this  position  until  it  is  cold.  The 
jacket  is  then  put  on  in  like  manner  from  the  breech  end. 
This  method  insures  perfect  contact  at  the  shoulders  between 
the  tube  and  hoop.  On  the  exterior  of  the  gun  a  screw-thread 
is  cut,  part  of  which  is  on  the  hoop  and  part  on  the  jacket, 
and  the  trunnion  band  is  screwed  over  it  for  non-recoil  mount- 
ings and  the  saddle  for  recoil  mountings.  Thus  the  entire 
system  is  locked  together,  and  all  longitudinal  motion  between 
the  tube  and  jacket  or  hoop  is  prevented.  The  metal  used  is 
the  best  quality  of  open-hearth  steel  furnished  by  the  Jlidvale 
Steel  Company  and  the  Bethlehem  Iron  Company.  Test 
pieces  2-i  in.  long  X  i  in.  diameter  are  cut  from  each  forging, 
and  when  broken  they  must  show  the  steel  to  possess  the  fol- 
lowing characteristics  :  Ultimate  tensile  strength,  90,000  to 
135,000  lbs.  per  square  inch  ;  elastic  strength,  50,000  to  80,000 
lbs.  per  square  inch  ;  elongation  after  rupture.  15  to  30  per 
cent,  in  its  length  in  2  in.;  contraction,  20  to  50  per  cent,  of 
the  original  area.  For  the  breech-blocks  the  specifications 
are  made  still  higher,  a  tensile  strength  being  required  of  not 
less  than  130,000  lbs.,  and  an  elastic  strength  of  not  less  than 
70,000  lbs.  per  square  inch.  If  the  figures  of  any  piece  fall 
below  these  the  forging  is  rejected.  The  forgings  are  all 
tempered  and  annealed,  the  last  process  being  always  an  an- 
nealing one  to  relieve  the  internal  strains  of  the  mechanism. 

In  determining  the  gun  profiles  careful  study  has  been  given 
to  the  subject  of  slow-burning  powders,  the  adoption  of  which 
modifies  the  pressure  curves,  and  while  the  maximum  press- 
ure is  lost,  it  is  sustained  for  a  much  greater  distance  along 
the  bore.  To  provide  for  this,  the  strength  at  the  bottom  of 
the  chamber  is  made  equal  to  what  was  necessary  with  quicker 
powders,  but  from  the  front  end  of  the  hoop  to  the  muzzle  it 
has  been  much  increased. 

The  action  of  the  breech  mechanism  is  very  simple,  as  it 
contains  no  delicate  parts  and  is  not  easily  put  out  of  order. 
The  fact  of  the  block  and  all  of  its  working  parts  being  sym- 
metrical makes  it  easily  understood  from  the  drawings.  Pass- 
ing through  the  breech  from  one  curtain  to  another  and  below 
the  bore  of  the  gun  is  the  main  bolt  B,  about  which  the  block 
turns  back.  The  transverse  hole  through  the  block  for  this 
main  bolt  B  is  lengthened  in  a  nearly  vertical  direction,  as 
shown  by  the  dotted  lines,  to  permit  the  block  to  descend  and 
disengage  the  points  from  the  corresponding  grooves  in  the 
breech.  The  main  cam  C,  which  is  shown  in  solid  line  about 
the  hub  encircling  the  bolt  B,  has  its  bearing  on  this  bolt, 
and,  as  will  be  seen  from  the  engraving,  its  front  upper  face 
comes  to  a  bearing  under  the  interior  surface  of  the  block  and 
holds  it  in  the  upper  or  closed  position.  The  back  surface 
inclines  upward  to  the  rear,  and  when  the  cam  is  turned  to 
the  rear  for  opening,  this  permits  the  block  to  descend,  the 
lower  rear  corner  of  the  cam  coming  to  a  bearing  on  the  in- 
terior bottjm  surface,  shown  by  the  hatched  lines,  and  forcing 
it  down.  On  the  other  hand,  in  the  latter  part  of  the  closing 
motions  the  upper  front  surface  comes  in  contact  with  tin- 
under  part  of  the  incline,  just  back  of  the  point  where  it 
in  its  final  position  and  pushes  the  block  up  into  place,  and 
then  after  slightly  passing  the  center  of  rotation  it  comes 
under  the  curved  surface,  so  that  in  this  position  the  down- 
ward thrust  of  the  block  has  no  tendency  to  turn  backward, 
and  it  is  therefore  held  securely  in  place. 

When  the  main  cam  has  been  turned  and  the  block  pushed 
down  sufficiently  far  to  clear  the  bands  from  the  grooves,  the 
semi  circular  score  in  the  upper  rear  corner  engages  the  pin  L 
in  the  block,  and  from  that  time  on  the  movement  of  the  two 
are  in  unison,  and  the  block  is  rotated  backward  about  the 
main  bolt  until  its  rear  face  finally  rests  upon  the  tray  T, 
leaving  the  chamber  wide  open. 
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The  firing-pin  is  marked  F,  and  its  spring  lies  to  the  rear  of 
its  upturned  head,  as  shown.  The  full  cock  and  half  cock 
Studs  art.  it  will  be  seen,  under  the  rear  part  :  ti 
which  is  actuated  by  a  spring  at  the  bottom  of  the  block, 
presses  i:  up  against  and  engages  the  studs  in  succession  as 
the  firing-pin  is  forced  to  the  rear.  The  point  of  a  lue.  ]>r>> 
ing  from  the  under  side  of  a  tiring-pin.  always  rtsts  in  a 
circular  groove  hollowed  out  in  a  vertical  plane  in  the  upper 
surface  of  the  main  cam.  When  the  cam  is  turned  to  the  rear 
it  first  pushes  kick  that  lug  ami  the  firing-pin,  so  that  the 
point  of  the  latter  is  brought  safely  within  the  face  of  the  block 
before  it  begins  to  descend.  This  motion  continues,  and  the 
firing-pin  is  drawn  back  until  the  full-cock  stud  passes  beyond 
jaged  by  it.  This  compresses  the  firing- 
spring.  When  the  sear  is  pressed  down  the  firing-spring  is 
released  and  the  spring  impels  it  forward.  The  finger  catch. 
•  ed  on  to  the  rear  end.  may  also  be  used  to  retract  or  full 
cock  the  firing-pin  without  opening  the  breech. 


motion  is  slow  at  the  first,  with  a  powerful  leverage  toward 
the  latter  pari  of  the  rotation  of  the  block  the  motion  imparted 
is  quick. 

It  will  lie  remembered  that  the  block  has  a  ccrtaiu  amount 
of  vertical  motion  with  regard  to  the  main  bolt,  and  must  be 
in  the  lower  position  relatively  to  it  during  the  rotation. 
For  this  purpose  a  guide-bolt,  G,  i>  screwed  in  through  each 
side  of  the  curtain,  projecting  into  the  guide-groove  and  on 
each  side  of  the  block."  This  groove  is  so  shaped  that  the 
bait  permits  only  the  vertical  and  rotary  motions  of  the  block 
in  succession.  It  also  ha>  another  function  to  perform  in 
closing  the  breech  after  the  rotary  motion  of  the  block  changes 
to  the  vertical  motion  that  is  produced  by  the  upper  corner  of 
the  cam  pressing  on  the  interior  inclined  surface  of  the  block. 
For  the  purpose  of  easing  the  change  of  motion  from  rotary 
to  verticil,  the  part  of  the  groove  where  the  guide-bolt  is  at 
that  instant  is  cammed,  so  as  to  make  the  bolt  start  the  block 
upward  before  the  corner  of  the  main  cam  touches  the  incline. 


PROFILE  AND  LONGITUDINAL  SECTION  OFfTHE  DRIGGS-SCHROEDER  RAPID-FIRE  GUN. 


REAR  ELEVATION   AND   LONGITUDINAL  SECTION   OF   BREECH    BLOCK  OF  THE   DRIGGS  SCHROEDER  RAPID  FIRE  GVN. 


The  extractors  E  are  located  one  on  each  side,  and  lie  flat 
DSt  the  rear  face  of  the  tube  of  the  gun  and  in  rests  in  the 
front  face  of  the  block.  They  revolve  on  pivots  P,  which 
work  in  rests  in  the  curtain.  The  rear  sides  of  these  extrac- 
tors form  cam  surfaces.  1  -  front  corners  of  the  block 
are  similarly  surfaced,  and  the  .  -  ire  slightly  eccentric 
to  the  main  bolt,  so  that  after  the  block  has  been  lowered  and 
during  its  rotation  its  cam  surf  -  against  the  extractor 
tools,  pressing  them  forward  and  consequently  bringing  the 
extractor  and  heads  to  the  rear  and  throwing  Ihi 

out.     These  bearing  surfaces  are  so  adjusted  that  the 


The  motion  of  rotation  thus  merj  tually  and  easily  into 

that  of  vertical  translation. 

The  bands  on  the  top  and  side  of  the  block  and  the  corr.  - 
sponding  grooves  in  the  breech  are  inclined  about  2"  30"  to  the 
front  and  upward,  so  that  as  the  block  is  pushed  up  into  posi- 
tion in  closing  it  is  also  pressed  forward  and  presses  tie  car- 
tridge case  home,  and  in  opening  it  readily  detaches  itself  from 
the  head  of  the  case. 

There  is  a  spring-lock  on  the  handle  which,  when  the  breech 
is  closed,  prevents  the  main  bolt  and  block  from  moving 
under  stress  of  any  kind,  except  that  applied  directly  to  the 
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handle.  The  snap  connected  with  this  indicates  by  the  sound 
when  the  block  is  in  place  and  locked. 

The  sear,  which  slides  vertically  in  the  middle  of  the  rear 
face  of  the  block,  has  an  arm.  extending  to  the  side  with  a 
tinger  at  the  end,  which  is  pressed  downward  by  a  toe  on  a 
rock-shaft  connected  with  the  pistol-grip  and  trigger,  or  by 
the  firing-lanyard.  When  the  trigger  is  used  with  recoil 
mounts  it  is  placed  under  (he  stock  ;  as  the  latter  attaches  to 
the  stationary  part  of  the  mount  there  is  no  shock  given  to  the 
hand  of  the  firer  by  the  recoil  ;  the  tinger  of  the  sear  is  in 
rear  of  the  toe  of  the  trigger,  and  leaves  it  during  the  recoil, 
being  brought  back  in  contact  as  the  piece  returns  to  battery. 
In  the  design  adopted  for  the  United  States  Navy,  with  a 
pistol-handle  on  the  shoulder  bar,  the  trigger  in  the  handle  is 
connected  directly  with  the  sear  by  a  chain-lanyard. 

To  facilitate  assembling  the  front  face  of  the  block  contains 
a  heavy  face  plate,  K,  easily  removed  and  secured  ;  the  cam 
and  firing-pin  and  spring  are  removed  and  replaced  there. 

It  must  not  be  understood  from  this  description  that  when 
the  bljck  is  in  position  any  strain  whatever  comes  upon  the 


ine  and  water,  from  one  side  of  the  piston  to  the  oilier.  This 
is  accomplished  by  forming  depressions  or  ports  in  the  interior 
surface  of  the  cylinder.  The  area  of  the  cross  section  of  thi se 
ports  varies  in  such  a  manner  that,  although  the  piston  has  a 
changing  velocity,  a  constant  pressure  is  maintained  on  the 
pistonhead.  The  return  to  the  firing  piston  is  effected  by 
means  of  a  recoil-spring. 

The  guns  are  manufactured  as  1-pdrs.  high-power  light, 
3-pdrs.,  6-pdrs.,  12-pdrs.,  9-pdrs.,  :!,-„  in.,  14  pdrs.,  ami 
33  pdrs. ;  70  and  100-pdrs.  have  also  been  designed. 

The  gun's  ctew  consists  of  three  men  :  one  has  his  shoulder 
against  the  stock,  and  docs  the  aiming  and  tiring  ;  the  second 
does  the  loading,  and  the  third  handles  the  ammunition  and 
serves  the  second  man. 

In  trials  which  have  been  made  with  the  6-pd.  guns  an 
initial  velocity  of  1,870  ft.  per  second  has  been  obtained. 
Rapidity  of  the  firing  when  the  gun  is  used,  regardless  of  aim, 
has  been  35  shots  per  minute.  In  a  future  issue  we  expect  to 
publish  the  details  of  the  trial  with  this  gun,  that  will  be  held 
under  the  supervision  of  the  Ordnance  Board  at  Sandy  Hook. 


B-POTJHDEE  RAPID  FIKE'.DRIGGS-Sl'lIKOKDKK  lil'N  ON'  NAVAL  MOUNT. 


main  bolt.  The  bands  extend  well  around  on  the  side  and 
sustain  the  whole  force  of  the  discharge  without  putting  any 
strain  whatever  upon  the  bolt. 

The  refilling  is  an  increasing  twist  on  a  curve  connecting 
the  initial  and  final  angles  of  a  semi-cubical  parabola.  The 
sights  are  capable  of  rapid  changing  of  setting  with  but  one 
hand.  The  rear  sight  has  double  cross  wires  and  the  front 
sight  single  wires.  The  advantage  of  this  arrangement  is 
that  the  gun  can  be  pointed  almost  as  accurately  as  with 
a  telescopic  sight  and  that  there  is  a  clear  field  about  the 
trigger.  The  cross-bar  of  the  sights  is  graduated  in  spacing 
representing  10  minutes  of  a  horizontal  arc.  This  has  been 
done  mainly  to  assist  the  officers  commanding  the  guns,  who 
are  able  thereby  to  designate  the  amount  the  eye-piece  is  to  be 
moved.  The  space  on  the  sight- bar  represents  100  }'ds.  in 
range  when  using  the  service  charge. 

The  gun  is  mounted  on  two  general  types — the  recoil  and 
non-recoil.  The  engraving  which  we  present  shows  it  on  the 
recoil  mounts,  which  is  known  as  Fletcher  hydraulic  recoil 
mount.  For  this  mount  the  trunnion  band  is  dispensed  with, 
and  the  gun  is  screwed  into  a  gun-metal  casting  termed  the 
saddle,  having  a  single  recoil  cylinder  in  its  main  part.  The 
cylinder  contains  the  means  for  checking  the  recoil  and  re- 
turning the  gun  to  the  firing  position.  The  recoil  is  checked 
1>>  regulating  the  Mow  of  the  liquid,  which  is  usually  glycer- 


The  following  is  the  general  data  concerning  the  (!  pd.  naval 
gun  which  we  illustrate  : 

Weight  of  gun  complete 783  lbs. 

"       "  projectile 6    ' 

Muzzle  velocity  of  projectile 1,870  f.  s. 

Range  about -U  miles. 

Rapidity  of  tire 33  rounds  per  minute. 

Thickness  of  steel  plate  perforated  at 
200  yds 4  in. 

The  design  of  the  gun  is  entirely  American  in  every  particu- 
lar, and  in  this  is  different  from  any  other  rapid-tire  gun  in 

the  Navy. 

« 

ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble  sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  direct]} 
and  indirectly  to  them,      If  any  one  will  aid  us  with  informa- 
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tion  which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  art  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  November, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS    IN    NOVEMBER. 

York  Station.  Miss..  November  1. — A  passenger  train  on 
the  East  Tennessee.  Virginia  A  Georgia  Railroad  was  wrecked 
here  while  running  at  a  high  rate  of  speed  this  mornins.  A 
mule  on  the  track  was  struck  by  the  engine,  which  was  turned 
over  with  the  baggage  car.     Fireman  Jim  Avery  was  killed. 

Brooklyn.  X.  V.,  November  1. — A  rear-end  collision  oc- 
curred on  "the  Fifth  Avenue  Line  of  the  Brooklyn  Elevated 
Railroad  this  morning,  in  which  the  engine  of  the  second  train 
was  somewhat  damaged.  It  was  sent  back  to  the  shops  run- 
ning wild,  and  owing  to  a  sudden  change  in  the  signals  at 
Myrtle  and  Hudson  avenues,  the  engine  was  thrown  from  the 
track  and  turned  over  between  the  two  tracks.  The  engi- 
neer. McKenna,  in  attempting  to  close  his  throttle,  was  severely 
scalded,  and  his  right  arm  was  badly  torn  in  an  effort  to  re- 
verse the  engine  at  the  lime.  Fireman  Walter  Culley  had  his 
right  leg  and  hip  severely  bruised. 

Batavia.  X.  Y.,  November  1. — A  collisiou  occurred  here 
this  morning  between  an  east-bound  freight  and  local  switch 
engine.  Engineer  Frank  Walbridge  of  the  switching  engine 
was  badly  hurt. 

Silver  Creek,  X.  Y.,  Xovember  2. — A  passenger  train  on 
the  New  York.  Chicago  &  St  Louis  R^ad  ran  into  a  rear-end 
second  section  of  a  freight  train  at  this  point  tonight.  The 
engineer  and  fireman  jumped  after  the  engine  had  been  re- 
versed. The  engineer  broke  the  bones  iu  his  wrist  and  was 
hurt  about  the  chest.  The  fireman  was  bruised  about  the 
head  and  shoulders.  The  rear  flagman  had  not  gone  back  far 
enough  to  slop  the  train. 

Keokuk,  la.,  Xovember  2.— A  south-bound  passenger  en- 
gine on  the  St.  Louis.  Kansas  &  Xorthwestern  Railroad  was 
wrecked  at  Weaver,  la.,  to-night.  The  engine  was  ditched 
and  Engineer  Trap  killed. 

St.  Louis,  Mo..  Xovember  2. — The  boiler  of  a  freight  engine 
on  the  Iron  Mountain  Railroad  exploded  to-night,  killing  the 
fireman,  George  Schader.  The  engineer  was  instantly  killed, 
and  Ed.  Koopke.  the  fireman,  was  thrown  out  into  the  muddy 
waters  of  the  Mississippi,  where  his  body  was  not  recovered. " 

Philadelphia,  Pa.,  Xovember  3. — A  car  drifting  down  a 
grade  on  the  Pennsylvania  Railroad  near  Fifty  second  Street 
to-day  jumped  the  track  and  crashed  into  the  engine  of  a 
west  bound  market  train.  The  engineer.  James  Hamlin,  was 
found  dead  with  two  pieces  of  wood  from  the  splintered  car 
forced  through  his  body.  Reagan,  the  fireman,  jumped, 
broke  his  ankle,  and  received  other  injuries  to  his  leg  - 

Montpelier,  Vt.,  Xovember  3. — A  passenger  train  on  the 
Xarrow  Gauge  Line  branch  of  the  Vermont  Central  ran  into 
an  cpen  switch  at  Willard's  Mill  near  Thompson  to-day. 
The  engine  was  thrown  down  a  bank  and  Engineer  Baldwin 
was  seriously  injured  about  the  head.  The  fireman  was 
slightly  injured. 

Goshen,  X.  Y  .  Xovember  4. — A  lurch  of  an  engine  hauling 
an  express  on  the  Xew  York,  Lake  Erie  A  Western  Railroad 
as  it  left  the  Bergen  Tunnel  to-day  threw  the  engineer. 
Robert  H.  Compton,  out  of  the  cab.  He  received  very  pain- 
ful injuries,  but  no  bones  were  broken. 

Batavia,  X.  Y  ,  X'ovember  i. — A  head-end  collision  occurred 
between  a  west-bound  express  and  an  east-bound  freight  on 
the  Lehigh  Valley  Railroad  near  Morganville  this  mornina. 
Two  firemen  and  one  engineer  are  reported  as  bavins  been 
killed. 

Cairo.  111.,  X'ovember  5.— A  fast  Chicago  A-  Xew  Orleans 
express  on  the  Illinois  Central  Railroad  was  wrecked  by  a 
misplaced  switch  near  Allen  this  mornins.  Fireman  Ham- 
mond was  killed.  It  is  supposed  that  the  switch  had  been 
turned  by  would-be  train  rob! 

Reno,  Xev.,  Xoveml>er  5. — A  head  end  collision  occurred 
on  the  Western  Division  of  the  Central  Pacific  Railroad  be- 
tween two  freight  trair.s  this  morning.  Charles  Givens,  a 
fireman,  was  killed.  Charles  Bird,  an  engineer,  had  his  left 
leg  broken  at  the  ankle.  Thomas  Moorhead,  his  fireman,  was 
hurt  about  the  head.  The  two  trains  came  together  in  a  cut 
at  a  sharp  curve  while  going  at  a  full  speed. 

Meadville,  Pa.,  jfovember  ~>. — A  collision  occurred  between 
two  switch  engines  on  the  New  York,  Pennsylvania  vt  Ohio 


Railroad  at  this  point  to-day.  Engineer  Brown  was  severelv 
cut  about  the  head. 

Lancaster,  Pa..  Xovember  6.— Taylor  Welsh,  an  engineer 
on  the  Pennsylvania  Railroad,  was  hurt  while  attempting  to 
disconnect  the  air-hose  between  two  cars.  As  the  coupling 
stuck,  an  iron  bar  was  used  to  force  them  apart-  One  of  the 
sections  of  the  hose  flew  down,  striking  the  engineer  in  the 
face,  cutting  him  badly  about  the  mouth. 

East  Des  Moines.  la.,  Xovember  7. — A  freight  train  on  the 
Chicago  A  Great  Western  Railroad  was  derailed  8  miles  south 
of  Des  Moines  by  running  into  a  horse  to-day.  William  Fer- 
rell,  the  engineer,  was  badly  injured. 

Moberly,  Mo.,  Xovember  7.— A  fast  train  on  the  Wabash 
Road  ran  into  an  open  switch  in  the  yards  here  this  morning. 
The  engine  turned  over  on  its  left  side,  catching  the  fireman, 
William  Malone.  beneath  it.  He  was  fatally  scalded,  and 
died  soon  after.  Frank  Robertson,  the  engineer,  was  badly 
but  not  fatally  hurt. 

Lawrenceburg,  Ky..  Xovember  8.— A  freight  train  on  the 
Louisville  Southern  Railroad  ran  into  a  rock  car  in  a  cut  at 
this  point  to-day.     The  fireman  was  seriously  injured. 

Concord,  X.  II.,  Xovember  9. — Daniel  Coughlin.  a  fireman 
on  the  Concord,  Montreal  Railroad,  while  attempting  to  pass 
between  two  cars  of  a  moving  freight  train,  was  thrown  upon 
the  rails,  run  over,  and  killed. 

Toledo,  O.,  Xovember  9. — A  south-bound  passenger  train 
ran  into  a  north-bound  freight  train  on  the  Hocking  Valley 
Railroad  just  north  of  Rising  Sun  this  evening.  The  collision 
was  due  to  the  disobedience  of  orders  on  the  part  of  the  engi- 
neer of  the  freight.  Engineer  L.  H.' Jones  and  Engineer  James 
E.  Kirlen  were  killed,  also  Fireman  Jones  of  the  passenger 
train. 

Fort  Wayne,  Ind..  Xovember  10. — A  west-bound  limited 
express  of  the  Pennsylvania  Railroad  ran  into  an  open  switch 
in  the  yards  at  this  point  this  morning.  The  engine  plowed 
through  a  box  car  on  the  side  track,  severely  injuring  Engi- 
neer David  Raidy  and  Fireman  Robert  Griffen. 

Lebanon.  Ky..  Xovember  10. — A  passenger  train  was  de- 
railed at  Altamaton,  on  the  Knoxville  Division  of  the  Louis- 
ville &  Xashville  Road,  this  morning.  The  engineer  and  fire- 
man were  badly  bruised. 

Xewark,  X.  J.,  Xovember  11.— Engineer  Tunis  and  Fire- 
man O'Brien,  of  the  Rockaway  Valley  Railroad,  were  severely 
injured  by  the  derailing  of  their  locomotive  about  2  miles 
from  Monistown  today.  The  fireman  was  injured  by  jump-' 
ing,  and  the  engineer  by  being  struck  by  one  end  of  a  broken 
connecting-rod. 

Windsor.  Vt.,  Xovember  11. — Joseph  Pecoy,  Jr.,  a  fireman 
on  the  Boston  A  Maine  Railroad,  slipped  and"  fell  while  step- 
ping from  the  tender  of  his  engine.  He  broke  one  of  his 
arms  above  the  elbow. 

Lancaster,  Pa.,  Xovember  12  —A  freight  train  of  the  Penn- 
sylvania Railroad  stopped  with  the  caboose  on  the  bridge  over 
the  turnpike  to-night.  Engineer  Simon  Brown,  not  knowing 
the  caboose  was  on  the  bridge,  stepped  from  it.  and  fell  to  the 
ground,  35  ft.  below.     He  was  seriously  injured. 

Greensburg,  Pa..  Xovember  13.— Zachariah  Gordon,  a  fire- 
man on  a  freight  engine,  while  stepping  off  his  engine  today 
had  the  small  bones  of  his  left  leg  broken  in  two  places.  The 
large  tendon  was  also  torn  from  Jhe  bone. 

Philadelphia.  Pa.,  Xovember  12. — A  rear-end  collision  oc- 
curred on  the  Iron  Bridge,  by  which  the  Bound  Brook  Line 
crosses  the  Philadelphia  &  Reading  Railroad,  to  day.  The 
engineer  and  fireman  were  slightly  injured. 

Xewark,  X.  J..  X'ovember  18 — Two  freight  trains  collided 
at  the  Broad  Street  coal  dumps  at  this  point  to-night.  Engi- 
neer David  Green  was  pinned  down  npon  the  right  side  of  his 
cab  and  killed  by  escaping  steam.  His  fireman,  Charles 
Barkalow,  was  thrown  over  the  boiler  out  of  the  cab,  and  es- 
caped with  only  a  few  bra 

Tipton.  Mo.,  X'ovember  21. — A  fast  mail  train  on  the  Mis- 
souri Pacific  collided  with  a  switch  engine  at  this  city  this 
evening.  Fireman  Frank  Thompson,  of  the  switching  engine, 
and  Fireman  Harry  Wheat,  of  the  mail  train,  were  consider- 
ably injured  — Thompson  probably  fatally.  William  Clark, 
engineer,  was  also  hurt  in  the  back. 

Xorristown.  Pa..  Xovember  21.  —  John  H.  Frohn,  a  fireman 
on  the  Philadelphia  A  Reading  Railroad,  was  fatally  injured 
by  being  run  over  by  a  train  to-day. 

Spokane.  Wash..  Xovember  22. — An  east-bound  passenger 
train  on  the  Great  Xorlhern  Road  was  wrecked  near  Bonner's 
Ferry  to-day.  The  engineer  and  fireman  received  serious  cuts 
and  br        - 

Omaha,  Neb.,  Xovember  22.  —  A  fast  freight  train  ran  into 
an  open  switch  just  outside  of  the  yards  at  Brand  Island,  on 
the  Burlington  route,  to-night.  The  engine  was  entirely  de- 
molished.   The  engineer  and  fireman  jumped  while  the  train 
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was  moving  at  a  high  rate  of  speed,  and  both  received  injuries 
from  which  they  may  die. 

Perth  Amboy,  X.  .1..  November  2:!.— Engineer  David  Oren- 
ford,  of  the  Lehigh  Valley  Railroad,  was  stoned  by  a  number 
of  men  while  leaving  Phillipsburg  to-day.  He  was  slightly 
injured. 

Watertuwn,  X.  V.,  November  2:!.— An  engine  standing  in 
the  yards  of  the  Rome,  Watertown  &  Ogdensburg  Railroad 
started  out  to-night  with  no  one  in  the  cab.  It  ran  into  an 
other  engine,  jarring  open  the  throttle,  which  also  started, 
and  they  both  collided  head-on  with  a  passenger  train  from 
1  !ape  Vincent.  The  engineer  and  fireman  of  the  train  jumped, 
and  were  only  slightly  injured. 

Birmingham,  Ala.,  November  24. — A  disastrous  wreck  oc- 
curred near  Carbon  Hill,  on  the  Kansas  City,  Memphis  & 
Burlington  Railroad,  to-day.  An  east-bound  freight  from 
Memphis  ran  into  a  drove  of  cows.  The  engine  and  all  of  the 
freight  cars  left  the  track.  Fireman  Nutwilder  was  caught 
between  the  engine  and  tender  and  scalded  to  death.  Engi- 
neer H.  Barnard  was  also  caught  in  the  wreck  and  badly 
scalded. 

Wilkcsbarre,  Pa.,  November  24.— N.  T.  Travis,  an  old  non- 
union engineer,  on  the  Lehigh  Valley  Railroad,  was  assaulted 
while  on  his  way  home  to-night  in  a  lonely  part  of  the  road. 
He  was  struck  on  the  arm  by  a  large  stone,  which  disabled 
him  for  some  time. 

Olean,  N.  Y.,  November  24. — A  collision  occurred  between 
a  push  engine  and  a  work  train  on  the  Western  New  York  & 
Pennsylvania  Railroad,  near  Keating  Summit,  to  day.  Theo- 
dore Crane,  fireman,  was  killed. 

Geneva,  N.  Y.,  November  24. — A  boiler  on  a  Lehigh  Valley 
Railroad  engine  exploded  at  North  Hector  to-night.  The 
fireman  was  killed  outright  and  the  engineer  fatally  injured. 
Richmond,  Ind.,  November  25.— Curtis  \V.  Boggs,  fireman 
on  the  Pan  Handle  Line,  fell  from  a  water  tank  west  of  this 
city  this  morning  and  was  seriously  injured. 

Perth  Amboy,  N.  J.,  November  26.— A  collision  occurred 
between  a  Pennsylvania  freight  and  a  Lehigh  Valley  coal 
train  in  this  city  this  morning.  The  engineer,  Mallory,  of  the 
Lehigh  Valley  train,  was  killed.  The  engineer  of  the  Pennsyl- 
vania engine  and  the  two  firemen  escaped  with  slight  injuries. 
Batavia,  N.  Y.,  November  27.— A  crown  sheet  on  a  Lehigh 
Valley  engine  was  burned  out  and  came  down  near  this  point 
to-night.  The  fireman  was  scalded  from  head  to  feet  by  escap- 
ing steam,  but  his  injuries  are  probably  not  fatal. 

New  Orleans.  La.,  November  27. — A  tie  placed  across  the 
track  of  a  Mississippi  Valley  Railroad,  2  miles  below  Lutcher, 
caused  the  wreck  of  a  gravel  train  to-day.  Fireman  Joseph 
Fogarty  was  killed,  and  Engineer  Matthew  Casey  fatally  in- 
jured. 

Duluth,  Wis.,  November  27.— Engineer  William  Ross  was 
injured  by  the  explosion  of  a  boiler  of  a  freight  train  near 
Arthur,  on  the  Duluth  and  Iron  Range  Road,  to-day.  His 
lower  limbs  were  paralyzed,  and  it  is  feared  that  his  spine  is 
injured.  The  cause  of  the  explosion  was  an  overheated  crown- 
sheet. 

Leavenworth,  Kan.,  November  28.— A  train  on  the  Kansas 
Central  Road  ran  into  a  small  herd  of  stock  west  of  here  to- 
night. Engineer  William  Paterson  received  contusions  of 
the  knee,  thigh,  and  ankle.  Fireman  Joseph  Wertz  had  his 
ankle  sprained. 

OwegO,  N.  Y.,  November  38.—  An  engine  was  derailed  near 
the  depot  on  the  Lehigh  Valley  Railroad  to-day,  and  was  run 
into  by  a  freight  train.  The  engineer  and  fireman  of  the 
freight  jumped  and  received  some  severe  cuts  ami  bruises. 

St.  Joseph,  .Mo.,  November  28.— A  train  on  the  Hannibal  & 
St.  Joseph  Railroad  ran  into  a  train  on  the  Kansas  City,  St. 
Joseph  &  Council  Bluffs  Railroad  at  their  crossing  in  South 
St.  Joseph  yards  to-night.  Engineer  Kimball,  of  the  I  Ian 
nibal,  St.  Joseph  it  Council  Bluffs  train,  was  thrown  against 
his  boiler  and  painfully  hurt. 

Erie,  Pa.,  November  28. —  A  collision  occurred  between  a 
freight  train  and  a  fast  live-stock  train  near  here,  on  the  Lake 
Shore  it  Michigan  Southern  Railway,  to-night.  The  freight, 
was  crossing  over  the  east-bound  track  from  a  siding.  Engi- 
neer Joel  < raincs  and  Fireman  W.  Kirk  were  buried  beneath 
their  engine  and  killed.  Engineer  John  Solilinger  and  Fire- 
man William  Mel  pan  had  not  time  to  jump,  and  the  former 
was  internally  injured,  while  Melpan  had  both  arms  broken 
and  was  also  internally  injured. 

London,  Out.,  November  28.— Thomas  Brock,  a  fireman  on 
the  Canada  Southern,  fell  from  his  train  and  was  instantly 
killed. 

Niagara  Falls,  N.  V.,  November  29.— Michael  Haley,  lire. 
man  on  the  New  York,  Lake  Erie  it  Western  Railroad,  was 
thrown  from  his  engine  while  rounding  a  curve  tonight  and 
quite  seriously  injured. 


East  Akron,  O.,  November  29.— A  rod  on  an  engine  hauling 
a  passenger  train  broke  at  this  place  this  morning.  Escaping 
steam  and  Hying  particles  severely  injured  the  fireman. 

Ebnira.  X.  Y.,  November  30.— A  flue  on  a  Lehigh  Valley 
freight  engine  collapsed  at  Van  Etten  this  morning.  Charles 
Swartout,  the  engineer,  who  was  acting  as  pilot,  was  fatally 
scalded. 

Our  report  for  November,  it  will  be  seen,  includes  51)  acci- 
dents, in  which  12  engineers  and  16  firemen  were  killed,  and 
2s  engineers  and  22  firemen  were  injured.  The  causes  of  the 
accidents  may  be  classified  as  follows  : 

Attacked  by  strikers 2 

Boiler  explosions ,-, 

Broken  side  rod 1 

Collisions is 

I  lerailments ;: 

Falling  from  engine 7 

Misplaced  switch ,5 

Obstruction  placed  on  track 1 

Run  over 2 

Struck  cattle 4 

Uncoupling  hose 1 

Unknown 1 

Total 50 

» 

PHINEAS   DAVIS'   STEAMBOAT. 

In  the  last  number  of  The  American  Engineer  we  gave 
an  account  of  the  life  of  Phineas  Davis,  and  of  his  building 
the  first  locomotive,  The  York,  for  tlie  Baltimore  it  Ohio  Rail- 
road. Since  then  we  have  received  from  Mr.  John  C.  Jordan, 
who  prepared  the  account  from  which  our  former  article  was 
chiefly  made  up,  an  interesting  sketch  of  the  first  steamboat 
used  on  the  Susquehanna  River,  and  which  was  built  by 
Davis  &  Gardner,  the  firm  of  which  Mr.  Davis  was  a  partner. 
Mr.  Jordan  has  been  very  assiduous  in  collecting  all  the  avail- 
able information  about  this  boat,  and  from  his  account,  pub- 
lished in  the  York,  Pa..  Gazette  of  December  6,  1893,  we  have 
made  up  the  following  account: 

The  first  public  mention  of  the  steamboat,  Codorus,  was  in 
the  York  Qnzelte  of  November  8,  1825,  which  says  : 

"The  steamboat  constructing  of  sheet  iron  at  this  place 
will  be  ready  to  launch  this  week.  She  will  be  taken  oft"  the 
stocks  the  end  of  this  or  the  beginning  of  next  week,  and 
launched  into  the  river  Susquehanna  at  Mr.  Kee.sy's,  opposite 
Marietta.  The  following  is  a  description  of  the  boat  taken  by 
a  gentleman  of  Philadelphia. 

"  The  boat  has  60  ft.  keel,  9  ft.  beam,  and  is  3  ft,  high.  It 
is  composed  entirely  of  sheet  iron,  riveted  with  iron  rivets, 
and  the  ribs,  which  are  1  ft.  apart,  are  strips  of  sheet  iron, 
which  by  their  peculiar  form  are  supposed  to  possess  thrice 
the  strength  of  the  same  weight  of  iron  in  the  square  plat- 
form. The  whole  weight  of  iron  in  the  boat  when  she  shall 
be  finished  will  be  1,400  lbs.  That  of  the  woodwork,  deck, 
cabin,  etc.,  will  be  2,600  lbs.,  being  together  2  tons.  The 
steam-engine,  the  boiler  included,  will  weigh  2  tons,  making 
the  whole  weight  of  the  boat  and  engine  but  4  tons.  She  will 
draw,  when  launched,  but  5  in.,  and  every  additional  ton 
which  may  be  put  on  board  of  her  will  sink  her  1  in.  in  the 
water. 

"  The  engine  is  upon  the  high-pressure  principle,  calcu- 
lated to  bear  600  lbs.  to  the  inch,  and  the  engine  will  be 
worked  with  not  more  than  100  lbs.  to  the  inch.  It  will  have 
an  s  II. P.,  and  the  boiler  is  formed  BO  Unit  the  anthracite  coal 
will  be  exclusively  used  to  produce  steam.  The  ingenuity 
with  which  the  boiler  is  constructed  and  its  entire  competency 
for  burning  the  Susquehanna  coal  are  entitled  to  particular 
notice,  and  the  inventors,  if  they  succeed  in  this  experiment, 
n  ill  be  entitled  to  the  thanks  of  every  Pcnnsylvaniau. 

"  The  boiler  is  so  constructed,  as  that  every  part  of  the 
receptacle  for  the  tire  is  surrounded  by  the  water  intended  to 
be  converted  into  steam  ;  and  thus  the  iron  is  preserved  from 
injury  by  the  excessive  heat  produced  by  the  combustions  of 
the  coal.  Its  form  is  cylindrical,  its  length  about  6  ft.,  and 
it  will  be  placed  upright  in  the  boat,  occupying  with  the 
Whole  engine  not  more  than  10  ft.  X  6  ft, 

"The  engine  is  nearly  completed,  Messrs.  Webb,  Davis  & 
Gardner  being  its  constructors.  The  boat,  which  is  the  work 
of  Mr.  Elgar,  is  in  great  forwardness.  The  whole  cost  of  the 
boat  and  engine  will  be  $3,000." 

[The  Mr.  Elgar  referred  to  was  probably  John  Elgar.  who 
afterward  was  connected  with  the  Baltimore  it  Ohio  Railroad 
and  resided  ii  Baltimore.  The  writer  of  this  note  was  well 
ai  quainted  with  him  about  the  year  1855.  He  was  a  man  of 
great  ingenuity  and  a  good  practical  mechanic.  | 
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On  November  15,  1825,  the  boat  was  finished,  and  was  the 
occasion  of  not  a  little  enthusiasm  on  the  part  of  the  citizens 
of  York.     The  Gazette  of  this  date  says  : 

"  The  steamboat,  which  was  built  at  this  place,  was  drawn 
through  our  streets  yesterday  morning,  on  her  way  to  the 
Susquehanna.  She  is  placed  on  eight  wheels,  and  such  was 
the  interest  felt  on  the  occasion,  that  notwithstanding  being 
in  weight  more  than  6,000  lbs.,  the  weather  rainy  and  dis- 
agreeable, the  citizens  attached  a  long  rope  to  her,  and  about 
60  or  70  taking  hold,  drew  her  from  the  west  side  of  the  bridge 
to  the  upper  end  of  Main  Street,  amid  the  shouts  and  huzzas 
of  a  multitude. 

"  She  has  been  named  after  the  beautiful  stream  on  whose 
banks  she  was  brought  into  existence — Codonis — a  name,  that 
should  her  destiny  be  prosperous,  that  will  not  in  future  be 
pronounced  without  associating  the  most  pleasing  recollec- 
tions in  the  minds  of  the  citizens  of  this  place." 

On  November  22  she  was  launched  in  the  Susquehanna, 
when  she  was  tried,  and  it  was  said  : 

"It  is  ascertained  that  by  giving  her  only  half  the  steam 
power,  the  boat  is  propelled  against  the  current  and  a  strong 
wind  about  5  miles  an  hour.  In  the  draft  of  water  the  cal- 
culation of  the  builders  were  correct,  with  40  persons  on  board 
her  draft  is  not  more  than  8  in." 

The  local  papers  of  the  period  give  accounts  of  the.  boat 
ascending  the  river  the  following  spring  to  Harrisburg,  and 
as  far  as  Wilkesbarre  and  Bloomsburg.  The  Wilkesbarre 
Democrat  of  April  14,  1826,  says  of  it  : 

"  This  experiment  entitles  Mr.  Elgar  to  much  credit  and 
esteem,  and  we  heartily  wish  him  a  pleasant  journey  to  the 
head-waters  of  the  Susquehanna— the  place,  we  believe,  of 
destination." 

The  York  Gazette  of  July  2.5,  1826,  indulges  in  rather  gloomy 
reflections  about  it,  and  intimates  that  the  anticipations  of  the 
promoters  of  this  enterprise  were  not  only  unrealized,  but  so 
disappointed  were  the  stockholding  investors  that  it  became  a 
question  among  them  to  what  use  the  steamboat  could  possi- 
bly be  put  in  order  to  bring  them  any  revenues  at  all. 

To  show  that  dissatisfied  stockholders  existed  then  as  now 
is  shown  by  the  fact  that  Mr.  Jordan  reports  that  on  April  5, 
1827,  two  years  after  her  first  launching,  one  of  the  stock- 
holders writes  to  the  Gazette  as  follows  : 

"  Between  $2,000  and  $3,000  have  been  expended  upon  the 
construction  of  this  boat,  and  from  the  use,  or  rather  no  use 
being  made  of  it,  after  it  was  built,  the  question  may  ration- 
ally be  asked  for  what  purpose  has  this  large  sum  been  ex- 
pended, or  what  was  the  object  of  building  the  boat  ?  Was 
the  money  levied  merely  to  show  that  steamboats  could  be 
built  at  this  place  ?  If  this  was  the  sole  object  the  whistle 
has  been  well  paid.  But  I  am  in  hopes  some  better  use  might 
be  made  of  it,  than  suffering  it  to  be  dismantled,  and  becoming 
a  prey  to  the  corrosions  of  time.  Suppose  some  of  the  stock- 
holders were  to  employ  some  of  the  arkmen  to  tow  it  down  to 
the  tide,  where  perhaps  it  might  be  applied  to  some  useful 
purpose.  It  is  better  to  wear  than  rust  out,  half  a  loaf  is 
better  than  no  bread.  Something  could  perhaps  be  obtained 
for  it  to  be  used  as  craft  in  the  bay.  At  all  events,  a  trial  to 
do  something  ought  to  be  made,  and  who  knows  what  luck 
the  stockholders  might  have." 

What  ultimately  became  of  the  Godorui  the  author  of  this 
interesting  account  has  been  unable  to  learn. 

« 

NOTES   AND    NEWS. 


Contract  for  Gunboats.— The  contract  for  the  construction 
of  two  new  gunboats,  for  which  the  Newport  News  Ship  ifc 
Dry  Dock  Company,  of  Nenport  News.  Va.,  was  the  lowest 
bidders,  has  been  awarded  to  them.  The  price  for  each  vessel 
is  $280,000.  The  contract  for  the  third  boat  has  not  yet  been 
awarded. 

Trial  of  the  Cruiser  ''  Olympia.  '  —  At  the  trial  of  the 
cruiser  Olympia,  on  the  contractor's  trial  trip,  she  made  a 
record  faster  than  that  made  by  the  New  York,  which  was 
21  knots,  having  run  21j  knots.  The  maximum  speed  with 
the  maximum  power  was  21.26  knots  ;  the  average  for  0* 
hours,  with  heavy  sea  and  strong  winds,  slightly  under  -M 
knots. 

Preservation  of  Wire  Rope.  — An  expert  gives  the  follow 
ing  recipe  for  preserving  wire  ropes  that  are  to  be  carried  under 
water  .or  under  the  earth's  surface.  It  consists  of  a  mixture 
of  35  parts  of  slacked  lime,  and  from  50  to  60  parts  of  tar  is  found, 
thus  far  to  be  a  very  satisfactory  method  as  compared  with  other 
processes  which  have  been  resorted  to.  The  compound  is 
boiled  and  applied  hot.  For  dry-laying  cables  a  thick  mix- 
ture of  graphite  boiled  in  tallow  and  one  of  crude  linseed-oil 
and  vegetable  tar  have  both  proved  a  success. 


Disappearing  Gun  Carriage  Trial.— A  test  of  the  Buffing- 
ton-Crozier  disappearing  gun  carriage  was  held  at  Sandy  Hook 
on  the  afternoon  of  December  14.  The  test  was  for  rapid 
tiring,  and  10  projectiles  were  tired  from  an  8-in.  gun  with  full 
charges  of  125  lbs.  of  powder  each.  All  shots  were  fired  out 
to  sea,  and  the  10  rounds  were  tired  in  12  minutes  and  3  sec- 
onds. The  carriage  worked  perfectly,  and  has  proven  itself  to 
be  a  success.  In  our  next  issue  we  will  have  an  illustration 
descriptive  of  the  carriage. 

Sea  Coast  Defenses.  — At  the  end  of  the  current  calendar 
year  the  War  Department  will  be  in  possession  of  nine  12-in. 
guns,  twenty  10  in.  guns,  and  thirty-four  8  in.  guns  ready  to 
be  mounted  on  carriages.  Also  seventy-five  12-in.  mortars. 
In  addition  to  the  product  of  the  Army  gun  factory,  which  is 
now  in  operation  at  Watervliet,  the  Government  has  contracted 
with  private  parties  for  100  guns  of  these  calibers,  the  first  of 
which  should  be  delivered  to  the  Department  for  test  before 
June  1,  1894.  The  manufacture  of  heavy  ordnance  is  thus 
keeping  pace  with  current  needs,  but  in  order  to  render  these 
guns  available  fortifications  must  be  prepared,  and  for  this 
purpose  appropriations  from  Congress  arc  required. 

Novel  Ticket  on  the  Belgian  State  Railways.— An  inno- 
vation in  passenger  rates  has  been  introduced  on  the  Belgian 
State  railroads,  in  the  sale,  at  a  low  rate,  of  subscription 
tickets,  good  for  various  periods,  which  entitle  the  holder  to 
travel  as  often  and  as  far  as  he  may  like  in  any  part  of  the 
country  during  the  stated  period,  on  any  of  the  lines  belong- 
ing to  the  system.  The  prices  of  these  tickets  for  15  days  are 
50  francs  for  first  class,  38  francs  for  second  class,  and  25 
francs  for  third-class  passengers.  This  is  about  like  paying 
$10  for  a  first-class  ticket  good  on  all  the  lines  of  the  New  York 
Central  for  as  many  journeys  as  one  chooses  to  take,  for  15 
days.  Only  no  single  journey  nearly  as  long  as  from  New 
York  to  Buffalo  is  possible  in  Belgium. 

Railway  in  the  Holy  Land.— There  is  now  a  great  railway 
system  in  the  course  of  construction  which  will  girdle  the 
Holy  Land  from  one  end  to  the  other.  A  French  company 
has  secured  a  concession  for  a  line  from  Beirut  to  Damascus, 
and  has  already  commenced  work  on  a  narrow-gauge  road. 
An  English  syndicate  is  now  building  a  railway  from  Haifa  to 
Damascus,  which  will  be  about  140  miles  long,  starting  from 
Haifa,  finding  its  way  along  the  northern  base  of  the  range  of 
Carmel  to  the  plain  of  Esharon,  through  the  valley  east  of 
Nazareth.  Leaving  Mount  Tabor  it  will  cross  the  river  Jordan 
on  a  trestle,  and  then  to  the  point  known  as  Majemeh,  where 
the  Little  Jordan  joins  the  greater  rivers  At  this  point  the 
road  will  border  on  the  southern  shore  of  Galilee,  and  almost 
without  a  curve  along  the  famous  wheat  region,  biblically 
known  as  the  plains  of  Bashan,  thence  to  the  southern  gate  of 
I  >amaseus. 

Standard  Time  in  Italy.  — On  November  1  "standard 
time"  was  introduced  on  the  Italian  railroads,  being  that  of 
the  fifteenth  degree  east  of  Greenwich,  the  same  as  in  Ger- 
many and  Austria,  called  in  Europe  "  Central  European 
Time."  This  meridian  passes  some  50  miles  east  of  Naples, 
having  but  a  small  fraction  of  the  kingdom  east  of  it,  and 
comparatively  thinly  peopled.  Heretofore  all  Italian  rail- 
roads, except  those  in  Cicily,  have  used  the  time  of  Home, 
which  is  quite  central.  At  the  same  time  the  hours  of  the 
day  will  be  numbered  from  1  to  24,  beginning  with  midnight. 
Twenty-four  o'clock  will  seem  quite  natural  to  the  Italians, 
as  until  recently  the  hours  were  so  counted  universally,  be- 
ginning, however,  with  sunset  instead  of  midnight.  In  the 
greatest  of  Italian  novels,  an  old  priest,  lamenting  that  bel- 
ter times  have  come  too  late  for  him  to  enjoy  them  lonsr,  says 
that  it  is  truly  a  great  thing  for  the  young",  but  it  is  "half- 
past  twenty-three  o'clock"  with  him. 

Measuring  High  Temperatures.— Professor  Roberts  Aus- 
tin, in  England,  has  recently  devoted  much  attention  to  the 
measurement  of  very  high   temperatures,   and   has  obtained 
results  of  great  interest  in  connection  with  the  molecular  strm 
ture  of  alloys.     He  has  now  turned   his  attention  to  proyid 
a  recording  pyrometer  for  use  in  works,  and  this  new  instru 
ment   he  exhibited   together  with    some   remarkable  photo- 
graphic curves  obtained  by  its  aid.    The  pyrometer  itself  is  ;i 
thermo-junction  of  platinum  and  platinum  alloyed  with  rho- 
dium ;  this  is  attached  to  a  galvanometer  and  the  spot  o!  light 
from  its  mirror  is  received  on  a  revolving  drum  covered  with 

sensitized  paper.  The  curves  exhibited  give  a  21  hours  record 
nl  III.'  variations  in  the  temperature  of  the  blast  supplied  I" 
furnaces  smelting  iron.  Il  is  thus  possible  to  account  for 
variations  in  the  working  of  these  huge  structures,  and  bj 
insuring  regularity  of  work  to  avoid  the  occurrence  of  these 
variations,  also  to  effect  economies  of  fuel,  which,  it  is  antici- 
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pated,  will  attain  very  large  proportions  and  will  prove  to  be 
of  great  industrial  importance  in  conducting  this  important 
branch  of  metallurgy. 

Summary   of   Railway   Wrecks.— The    Wall  Street    .'■ 
makes  tne  following  summary  of  the  more  serious  railroad 
accidents  and  their  causes  since  the  beginning  of  tin-  year  : 


Date. 


Jan. 

11 

Jan. 

■-- 

Feb. 

81 

Feb. 

-v» 

V»b. 

.-. 

April 

■', 

A:  - 

M*v 

6 

May 

:',  1 

Jane  2*} 

Jnlr 

a 

Jnlr 

IT 

July 

- 

Ang. 

4 

A  ;_" 

II 

S«pt. 

7 

Sept. 

:- 

Sept. 

•- 

Sept. 

■_ 

Oct. 

11 

Ort. 

16 

Oct. 

It 

Oct. 
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Place  of  Accident. 


"Big  Four  ;""  open  switch,  Altnn.  Ill 

Chicago  Great  Western  :  derailment.  Kent,  111 

West  Shore :  derailment.  Palmyra.  N.  Y  

Penn^vlvania:  collision,  Wert  Philadelphia.  Pa...   . 
Schnylkill  Vallej  ;  collision,  near  Pbaeuixville.  Pa. 

Jacksonville:  collision 

Bare  Bock  ;  collision.  Somerset.  Pa 

"  Big  Four:"  derailment.  Lafayette.  lud 

Davton  and  Michigan  :  collision 

Tyrone  and  Clearfield  :  collision,  Tyrone.  Pa 

Lon;  Island  Railroad  :  derailment.  Park»ille.  L.  I.. 

West  Shore  :  derailment,  Newbnrg.  X.  Y 

Grade  crossing  accident,  Chicago 

Baltimore  and  Ohio  :  derailment.  Akron,  O 

Lake  Shore  :  derailment.  Lindsay,  O 

Boston  and  Albany  :  broken  bridge        

Fo-:  Wayne  :  collision.  Colehonr,  III 

"  Big  Four  :'*  collision.  Manteno,  111 .   ... 

Wabash  :  collision.  Kingsbury.  Ind 

Grand  Trnnk  :  Bellevne"  Mich  

Michigan  Central:  collision. Jackson,  Mich 

Wabash  :  collision,  Ea-t  St   Louis 

Illinois  Central ;  collision.  Oito,  111 

Grand  Trunk  ;  collision.  Battle  Creek,  Mich 
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10 
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548 

DETENTIONS  ON  RAILROADS  FROM  DEFECTS 
IN  LOCOMOTIVES. 


Ix  response  to  a  letter  of  inquiry  with  reference  to  this  sub- 
ject, which  appeared  in  The  American  Engineer  of  last 
month,  we  are  able  to  give  the  following  statement  of  total 
engine  mileage  made  on  each  division  of  the  road,  covered  by 
the  tabular  report  published  on  p.  548  of  our  November  num- 
ber. The  following  figures  give  besides  the  mileage  the  num- 
ber of  detentions  for  the  same  and  the  number  of  miles  run  to 
one  detention.  This,  of  course,  varies  somewhat  on  some 
divisions  where  there  are  only  a  few  old  engines,  as  on  the 
B  Division,  where  the  miles  run  to  one  detention  is  much 
lower  than  on  others.  The  same  may  be  said  of  Division-  A 
and  F  where  some  of  the  power  is  old.  The  average,  how- 
ever, is  one  detention  to  24.81*  miles. 

The  table  published  in  Noveml>er  covered  only  machinery 
failures  and  not  boiler  failures.  We  hope  to  give  some  reports 
of  these  in  the  future. 

Scmhurt    or    Reports    op    r>ETevTio«,-    t-.   Trains  fR'pm   Defective 
Machinery.  Ye\r  ended   Jcne  30.  1893,  o\  Milea'.e  Basis. 


Divisi  jn. 


Total 


Division  A 2.H.W.SM 

Division  B   5.SM  374 

Division  C 

Division  D     33T.753 

Division  E  2.273.977 

Divisions  F  and  G  

Division  H 1.444.649 

Division  I  

Division.! 3.569.8*4 

Division  K 

GrandToUl  31 


Total  No. 

M     -  1:  in 

of  Deten- 

to One  De- 

tions. 

tention. 

91 

.  i  .--J 

152 

39.042 

137 

2S.129 

•- 

- 

81 

28.074 

231 

215 

- 

122 

32.671 

- 

51 

- 

1.263 


The  article  which  was  published  on  pp.  505-507  of  our 
November  number,  and  the  table  on  p.  549  relating  lo  this 
subject,  and  also  the  blanks  use  1  for  reporting  detentions  on 
the  Xew  York  Central  Railroad,  which  were  given  on  p.  595 
of  our  December  issue,  have  attracted  the  attention  of  a  num- 
ber of  railroai  managers,  an  1  our  readers  will,  we  think,  be 
interested  in  the  following  comments  made  thereon  by  several 
of  them.     Mr.  P.  I.  -        rintendent  of  Machinery  of  the 

Louisville  *fc  Nashville  Railroad,  says  : 

To  the  Editor  of  the  American"  Engineer  and  Railroad  Journal  : 

Your  circular  leuer  to  oar  General  Manager  has  been  referred  to  me.  We 
nave  never  made  a  *umrnary  of  detentions  and  other  causes  ontlinod  in  that 
report,  bnt  every  day  I  get  :.  report  of  every  detention  on  the  road,  from 
any  cause  whatever,  and  th*1  namber  of  minute?"  delay  on  acconnt  of  it. 
This  rep  >rt  I  criticise  carefully,  and  take  np  every  case  individually  at 
once,  at  the  same  time  making  memorandum  of  all  breakages  that  would 
indicate  weakness  of  construction,  separate  and  distinct  from  those  that 


are  from  causes  of  any  neglect  of  inspection  in  the  case  of  the  engines. 
This  I  call  my  laboratory  report,  as.  no  matter  what  the  figure*  may  show. 
any  failure  of  any  one  part  is  looked  upon  by  me  as  jtrin.-i  faeU  evidence 
that  there  is  a  weakness  in  that  point,  and  attention  is  given  at  once  to 
strengthening  it  in  our  old  engines  by  additional  bracing,  and  in  our  new 
ones  ny  change  in  design  to  meet  the  defect. 

A-  these  reports  give  every  minute  delayed,  they  are  of  a  great  deal  of 
value  in  saving  discussion  and  argument  with  parties  who  iusist  that  they 
can  make  great  improvements  in  our  lubrication,  etc. 

For  instance,  where  any  one  comes  in  and  claims  they  can  rjduce  our  de- 
lav?  on  account  of  hot  boxes.  I  hand  them  a  few  weeks  of  these  reports,  and 
ask  them  to  carefully  go  over  them  and  note  all  delays  on  account  of  hot 
boxes,  assuring  them  that  they  will  find  absolutely  correct  data  in  such  rec- 
ords. This  not  only  gives  me  the  time  that  they  spend  in  investigating 
Mich  reports  to  attend  to  other  business,  but  to  a  great  extent  reduces  the 
number  of  incredulous  smiles  that  meet  a  man  when  he  makes  an  offhand 
n  that  on  such  a  system  as  this  the  delays  on  account  of  such  trouble 
do  not  exceed  so  many  minutes  per  month. 

The  worst  feature  in  a  system  in  reeard  to  anythins  of  this  kind  is  that, 
with  the  exception  of  the  equipment  that  belongs  to  a  certain  division, 
ne  tries  to  shift  the  re-^>onsibility  on  some  one  else  on  some  other 
division.  In  other  words,  all  the  detention  is  not  attributable  to  neglect  on 
ihe  division  on  which  they  occur,  and  it  keeps  any  one  hustling  to  trace 
down  where  the  responsi'iility  rests.  At  the  same  time.  I  believe  I  shall 
have  a  form  of  this  kind  made  up  on  each  division  and  reported,  as  it  will 
surely  place  before  each  Master  Mechanic  the  detentions  on  acconnt  of 
equipment  that  is  directly  under  his  charge,  and  by  making  a  general  re- 

-  milar  to  the  one  you  have,  and  sending  to  each  M;isier  Mechanic 
monthly,  it  will  give  a  comparative  idea  of  the  result  of  his  own  practice 
against  that  of  others.  P.  Leeds. 

Mr.  W.  II.  Baldwin,  Jr.,  General  Manager  of  the  Flint  & 
Pere  Marquette  Road,  says  : 

This  table  is  very  interesting,  and  I  shall  at  once  take  steps  to  keep  a 
record  of  all  detentions  on  account  of  defective  machinery  under  the  head- 
ings as  prescribed  in  this  report.  I  think  it  would  be  very  profitable  in- 
formation if  all  roads  would  keep  this  data  under  the  same  headings,  as  we 
may  thereby  learn  the  weakest  parts  from  the  experience  of  all.  1  thank 
you  verv  much  for  bringing  this  matter  to  my  attention,  and  remain, 

W.  H.  Baldwin.  Jr.,  General  Manager. 

Mr.  G.  Clinton  Gardner,  General  Manager  of  the  Ohio  River 
Railroad,  writes  : 

In  connection  with  the  subject  of  causes  of  detentions,  permit  me  to  sug- 
gest that  you  associate  with  it  statistics  of  broken  rails,  as  the  most  pro- 
lific cause  of  detention  is  due  to  failure  of  springe  and  their  attachments.  It 
may  be  found  to  be  caused  by  bad  track  and  road  bed.  resulting  in  broken 
rails,  and  as  the  winter  approaches  you  perhaps  will  find  the  failure  of 
springs  to  increase. 

It  is  evident  that  in  most  cases  Maintenance  of  Way  does  not  receive 
a-  much  attention  as  it  should,  and  is  always  the  first  department  to  be  at- 
tacked in  a  reduction  of  expenses.  G.  Clinton  Gardner. 

An  officer  of  the  Pennsylvania   lines   west  of  Pittsburgh 

suys  : 

I  think  the  report  is  a  very  useful  one.  and  on  the  lines  west  of  Pittsburgh 
it  has  been  in  use  for  10  or  12  years,  and  is  of  course  being  continued. 

Another  prominent  railroad  officer  writes  : 

I  am  glad  to  see  that  you  are  working  up  an  interest  in  this  matter  :  noth- 
ing pays  a  railroad  company  more  than  this  does. 

In  the  list  issue  of  your  paper  you  published  a  form  for  reporting  <i 
of  equipment  in  use  on  the  New  York  Central.    I  have  several  criticisms  to 
make  on  this  form  : 

1.  If  every  part  of  a  locomotive  and  tender  was  put  on  the  form,  and 
the  same  system  was  followed  out,  it  would  be  of  a  most  voluminous  de- 
scription. 

2.  That  it  would  induce  enginemen  to  report  work  on  account  of  its 
convenience,  that  they  would  not  do  otherwise. 

3.  And  the  one  I  consider  the  most  serious  objection  is-  the  fact  that  the 
Superintendent  of  Machinery  has  no  check  on  the  form  ;  in  other  words, 
if  a  master  mechanic  or  general  foreman  should  fail  to  send  ihi>  report  in. 
or  to  suppress  it.  the  Superintendent  of  Machinery  would  probably  be  none 
the  wiser,  and  hence  the  probability  is  that  a  great  many  of  them  are  not 
sent  to  him  which  should  be.  He  may  have  a  check  on  it,  but  it  is  not 
sliown  in  your  article. 

I  think  ray  method  of  procedure  is  better  than  this,  and  I  enclose  our  Form 
1.004  Uee  copy  below).  wh:cb  is  known  as  the  Engineman's  Form,  and  on 
which,  as  soon  as  he  comes  in.  and  there  has  been  any  detention  at  all  to  bis 
train  either  of  cars  or  engines,  he  makes  a  report  of  it,  stating  what  caused  it 
as  near  as  be  can  judge.     This  goes  to  the  round-house  foreman  or  to  ibe 

-  ii  foremau  of  the  station,  who  verifies  his  statement  and  tries  to  lo- 
cate the  trouble  :  it  is  then  sent  to  the  Master  Mechanic,  who  confirms  the 
report  or  takes  any  action  neces>:try.  Many  limes  a  man  has  to  go  before 
a  Board  of  Inquiry  and  be  tried  :  it  then  goes  to  the  Superintendent  of  Mo- 
tive Power,  who  often  returns  it  for  further  investigation,  and  finally  it 
comes  tome,  and  sometime-  even  I  take  up  the  question  and  go  into  it  ; 
hut  whatever  is  done  is  shown  on  the  form  in  full,  and  the  reason  for  doing 
it.  In  add  tion  we  have  hundreds  of  small  blue  prints  of  each  part  of  the 
machinery,  with  which  each  station  is  supplied,  and  they  pin  one  of  these 
small  blue  print*  to  the  form,  and  mark  in  red  ink  on  it  the  defect  or  break- 
age. I  found  when  I  first  took  hold  of  the  road  that  these  reports  did  not 
come  to  me  with  regularity,  were  often  suppressed  if  it  proved  convenient 
to  do  so.  and.  in  fact,  it  was  utterly  worthless  without  seme  check,  and  tjis 
I  devi-ed.  as  follows  : 

The  conductors  have  to  report  any  detentions  to  their  trains  to  the  Train 
M.i>:ers.  and  a  record  of  the-e  is  kept,  with  the  cause,  and  each  Divison  Su- 
perintendent reports  to  me  on  a  second  form,  Xo.  2,456  ( see  copy  below  t.  the 
detentions  to  all  trains  on  his  division  each  month.  This  gives  me  a  rh«  ck 
-'  the  division  master  mechanic,  and  the  division  master  mechanic 
eiv  s  me  a  check  against  the  superintendent,  the  information  coming 
through  two  different  sources.  In  this  way  we  get  everything,  and  the  re- 
port becomes  valuable. 

Our  men  are  now  thoroughly  broken  into  it  and  there  is  ro  objection  to 

-  Be,  and  we  have  a  full  record  at  all  times  of  everything  that  takes  place. 
Each  month  I  compile  a  statement  of  divisions  of  detenti   i  lmple 

copy  of  which  I  send  you  for  the  month  of  September.  You  will  see  it 
covers  the  four  following  reports  : 

Table  1.  Keports  of  detentions  to  trains  from  defective  machinery. 

Table  2.  Reports  of  detentions  to  trains  from  steam  failures. 
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Table  3.  Reports  of  detentions  to  trains  from  carelessness. 

Table  4.  Report  showing  the  miles  run  to  one  detention.  I  do  not  think 
anything  more  simple  or  complete  can  be  devised  than  this  form,  and  it  has 
given  as  the  most  excellent  results.  We  are  eliminating  the  weak  points 
wherever  it  is  practicable  to  do  so,  and  we  find  now  that  our  detentions  to 
trains  from  detective  machinery,  with  everything  reported,  are  far  less  than 
they  were  in  1N39,  when  we  were  getting  only  about  half  the  reports,  and  in 
another  two  or  tnree  years  I  hope  with  proper  system  to  reduce  them  25  or 
30  per  cent.  more. 

Form  1,004. 

RAILROAD  COMPANY. 


BNGINEMAN  S    REPORT   OP    ACCIDENT, 
MACHINERY    OR  STEAM    FAILURE. 


Date  of  Accident I  Engine  Number..  .Train  Number. 

Time  of  Accident,  Hour Min Engineman. 

On  Time  or  Late... .Hours Min...    Fireman 


Delayed  by  Accident. 
Location 


CAUSE   OF   ACCIDENT   OR  STEAM   FAILURE. 


CARS    OFF   TRACK    AND    DAMAGED. 


Initials.  Class.  Number 


Damage. 


DAMAGE  TO  ENGINE  AND  TENDER. 


Respectfully  Submitted, 

Stalion, 

Date 189 

Engineman. 


Enginemen  must  fill  this  neatly  and  carefully,  with  fall  explanation  of 
the  cause  of  Accident  or  Failure  of  Machinery,  and  deliver  as  promptly  as 
possible  to  the  Division  Master  Mechanic  or  General  Foreman. 

Master  Mechanics  or  General  Foremen  will  either  confirm  Enginemen's 
Statements  or  make  satisfactory  explanation  of  same,  with  estimated 
amount  of  damage  to  Engine,  Tender  or  Cars,  and  forward  promptly  to 
the  Sup't  of  Motive  Power,  who  will  investigate  further  if  necessary,  and 
then  send  to  Gen'l  Sup't  Motive  Power  for  file  in  his  office. 


Form  2,456 . 


RAILROAD  COMPANY. 


SUPERINTENDENT'S   REPORT  OF   ACCIDENT 
TO  MACHINERY/   OR   STEAM    FAILURE   ON    LOCOMOTIVES. 


For 


./Kr. 


Month  of 189 


Engine 
Number. 

Tiain 
Number. 

Date  of 
Acci- 
dent. 

Time 

Delayed 
by  Acci- 
dent. 

Cause  of  Detention. 

This  Form  to  be  made  out  at  the  end  of  eaeh  month  in  the  Division 
Superintendent's  Office  and  forwarded  to  the  Superintendent  of  Motive 
Power. 


Division  Suptrinteiidtnt. 


TABLE  I. 


Report   of  Detentions  to  Trains   from  Defective  Machinery,   Sep- 
tember, 1893. 

division  a,  passenger. 

Air  hose  clamp  breaking,  851 1 

Air  pump  valves  breaking,  620,  856 2 

Cross-head  gib  breaking,  857 . .     .. 1 

Grate  arrangement  breaking,  853 1 

Spring  rigging  breaking.  854. ..  1 

Valve  stem  packing— ball  joints  breaking 1        7 

FREIGHT. 

Throttle  packing  blowing  out,  289 1        1 

DIVISION  b,   PASSENGER. 

Main  rod  strap  breaking,  827 1        1 

FREIGHT. 

Eccentric  breaking,  581 1 

Main  pin  breaking,  385 1 

Piston  head  nut  breaking,  1,211 1        3 

DIVISION  C,  PASSENGER. 

Air  pump  failing,  820 1 

Eccentric  bolt  breaking,  707 1 

Furnnace  door  breaking,  812 1 

Spring  hanger  breaking,  814 1 

Tender  truck  truss  rod  breaking,  816 1        5 

FREIGHT. 

Crossheadgib  bolts  breaking,  437,  443,  508 3 

Frames  breaking,  388,  408,  416,  449,  495,  495,  390 7 

Grate  arrangement  breaking,  493 — 1 

Muffled  pop  breaking,  582 1 

Safety  balance  stud  breaking,  373 1 

Side  rod  bolt  breaking,  594 ". . . .  1 

Throttle  pipe  lug  breaking,  182  . 1 

Throttle  rigging  breaking,  378 1 

Valve  stem  breaking,  420 1      17 

DIVISION    D,  PASSENGER. 

Relief  valve  breaking,  745 1        1 

FREIGHT. 

Safety  valve  rod  breaking,  7 ■ 1        1 

DIVISION   K,  FREIGHT. 

Driving  axle  breaking.  560 — 1 

Eccentric  breaking.  554 1 

Guide  breaking,  549 1 

Spring  hanger  breaking,  571 • 1        4 

DIVISION   F,   FREIGHT. 

Cylinder  looge  and  working,  404 1 

Crosshead  gib  breaking,  355 1 

Eccentric  rod  breaking,  1,206 1 

Eccentric  rod  bolt  breaking,  1,200 1 

Crank  pin  bolt  breaking,  556 1 

Spring  hanger  breaking.  453 1 

Spring  rigging  breaking,  546,1,202 3        8 

DIVISION    G,  FREIGHT. 

Crosshead  gib  breaking,  473  1        1 

DIVISION    H,    PASSENGER. 

Air  pump  piston  rod  nut  thread  stripped,  846 1 

Air  pump  packing  nut  thread  stripped,  1,406 1 

Eccentric  rod  clevis  bolt  breaking,  762 1 

Grate  arraugement  breaking,  846 1 

Spring  rigging  breaking,  762 1        5 

FREIGHT. 

Crosshead  gib  breaking,  1,362 1 

Eccentric  breaking,  535 1 

Frame  breaking,  515 1 

Side  rod  strap  breaking,  510 1        * 

DIVISION   I,  PASSENGER. 

Air  hose  bursting  on  engine,  719,  1,404 2 

Eccentric  breaking,  660,  876 2 

Piston  key  breaking,  703 1 

Piston  rod  breaking,  719 1 

Safety  valve  lever  stem  breaking.  726  1 

Tender  truck,  gum  seat  in  triple  valve  defective,  662 1       8 

FREIGHT. 

Driving  spring  breaking,  292 1 

Piston  rod  breaking,  999 1 

Safety  valve  lever  fulcrum  breaking,  987 1 

Steam  chest  breaking.  1,119  — 1 

Throttle  packing  blowing  out,  953,962 2       6 
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DIVISION  .T,  PAS8BKGKR. 

Air  pipe  under  lank  breaking.  709 ..  1 

Cylinder  head  breaking,  795, 877   -' 

Bogme  truck  springs  breaking,  705 1 

Main  rod  breaking,  877 1 

Piston  roil  breaking,  779  1 

Spring  hanger  breaking,  768 . . 1 

Spring  rigging  breaking,  70S,  725  2       '•* 

FREIGHT. 

Air  signal  pipe  breaking  on  engine,  790  1 

Crank  pin  nnt  thread  stripped.  926  1       3 

division    K.   PASSENGER. 

Lifting  shaft  arm  breaking.  1.385 1       1 

FREIGHT. 

Eccentric  strap  bolts  breaking,  109 1        1 

Recapitulation. 


Division. 


Division  A 

Division  B 

Division  C 

Division  D 

Division  E 

Division  F —   

Division  G 

Division  II 

Division  I   

Division  .1 

Division  K 

Total  

Last  month 

Same  month  last  year 


Passenger.      Freight. 


Total. 


48 


4 

2 

4 


14 
11 


85 


45 


60 


65 
105 


TABLE  II. 

Refobt  of  Detentions  to  Trains  from  Steam  Failures,  September, 

1893. 


division  a,  passenger. 


5  Mine.  & 
under. 


Air  pump  exhaust  coming  loose.  852 

Bail  coal.  875.  875 

Injector  intermediate  check  valve  breaking,  852 


Incompetent  enginemnn.  1,859 
Injector  failing  to  work,  1.358  . 


DIVISION  R.  PASSING!  B. 


Bad  coal,  756,  l.lll.  1,415    1,416 

Bad  lire.  1,402  

Fines  stopping  up,  885    

Rivet  head  blown  off.  750 


Over 

5  Mins 


Injector  check  valve  breaking.  365. 
Steam  pipes  leaking.  191 


division  c,  passenger. 

Bad  coal,  811,  811,  811,  B16,  B18.821 

Bad  coal  and  no  arch  in  engine,  811,811,812,811 
Bad  coal  and  fines  leaking.  814, 814 

Bad  coal  and  incompetent  fireman.  816,  818,  819.. 

Flues  bursting.  718 

pines  -tupping  up  and  no  arch  in  engine  Ml 


FREIGHT. 


Bad  co.il  ami  lim-s  leaking.  390,  132 
Exhaust  base  linel  breaking.  584 
Exhaust  pipe  winking  loose,  584.  . . . 

Furnace  leaking,  492 

Flues  bursting.  354 
Flues  leaking,  301.  390,  437.  474.  520 
Injector  check  valve. breaking.  511 . 
Strain  pipes  leaking.  960,  5*M 


DIVISION  D.  PASSBNGER. 


Bad  coal,  742  . 
Flues  leaking, 


Bad  coal,  7,  7.  390 

Bad  coal  and  lines  leaking 

Fines  leaking.  429 

Flues  stopped  up  and  steam  pipes  leaking.  410. 


.  41  is 


DIVISION  E.  PASSENGER. 


Bad  coal.  1.300    .... 
Flues  leaking.  1,306. 


Bad  coal.  412.  412.  412.  559.  574 

Blow  in  valves.  566 

Fines  leaking,  558 

Flues  stopped  up,  541 

Incompetent  lireman,  566,  589.  589,  589,  589. 


DIVISION  F,  FREIGHT. 


Engine  foaming,  374.  448 

Flues  leaking,  572,  1206  

Injector  check  valve  breaking.  1,209 
Steam  pipes  leaking,  1.201 


DIVISION  G,  FREIGHT. 


Flues  bursting.  372 

Furnace  patch  bolt  blowing  out,  521 


DIVISION  II,  PASSENGER. 

Bad  coal.  845.  815 

Engine  foaming,  762 

Fines  leaking,  839, 846. 740  | 

Steam  pipes  leaking.  842.  F48  

Injectors  failing  to  work,  account  sawdust  in  tank,  840  . 
844  


Bad  fire,  502 


Engine  foaming.  80 . 

Flues  leakine.  502,  1,360,  1.500.. 
Injectors  failing  to  work,  440. . . 

Pad  bolt  blowing  out.  535 

Steam  pipes  leaking.  490 

,519,  1,112 


DIVISION  I.  PASSBRGBR. 

Flues  leaking,  608, 662  


FREIGHT. 


Diaphragm  loose.  1,380  

Flues  bursting,  958  

Flues  leaking!  950 

Flues  and  mud  ring  leaking.  339. 
Incompetent  fireman.  1,377 


DIVISION  J.  PASSENGER. 


Exhaust  nozzle  too  lar^<    B82 

.kiiiL-.  741.  76! 
Injectors  failing  lo  work.  796 
Steam  pipes  leaking.  B82 


10 


Boiler  check  stuck  and  injectors  failing  to  work,  789. 

Flues  bursting.  78".,  TsO 

Fines  leaking.  923, 1,846, 1,861 

Injector  check  valves  breaking,  782   781 

Injector  cone  loose  and  filled  with  cinders,  929 


M\  [s|.>\   K,  PASSBNGBR. 


Bad  coal.  207  

Fines  leaking,  771. 


71.  771. 
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Recapitulation. 


Division. 


Passenger. 


5Mins.    „.„ 
ander.    =  M,n' 


Fheight. 


Total. 


j         5  Mm*.         j         o  Mins. 
ander.       -"*"■    nnder.    d  -»■"-• 


Division  A 2 

Division  B !        S 

Division  C S 

Division  D 0 

Division  E 

Division  F 

Division  G 

Division  H 

Division  I  ... 

Division  J  

Division  K  

Total 

Last  month *■ 

Same  month  last  year.         1 


2 
5 
15 
2 


0 

•-' 

0 

0 

II 

0 

I        0 

10 

0 

2 

0 

6 

0 

4 

6 

48 

13 


2 
10 


40 


29 
- 

15 
6 
2 

20 

15 

4 


100 


TABLE  111. 

Carxlesshxsi. 

Report  of    Detentions  to  Trains    prom  Other  Cause?  than  Steam 
Failures  and  Defective  Maohinebt.  September.  1893. 

division  a.  passenger. 

Hot  crank  pin,  8T5 1 

Hot  driving  box,  876  1 

Hot  engine  truck  box.  S54,  875.  875 3       5 

freight. 

Headlight  exploded,  1,398 1        1 

DIVISION  B.  PASSENGER. 

Hot  engine  truck  box.  633 1 

Wet  sand  in  box.  1.40a 1       '-' 

FREIGHT. 

Staybolts  pnlled  out  account  low  water.  1,240  ...  1 

Soft  plugs  melting  our.  591  1       2 

DIVISION  C,  PASSENGER. 

Hot  engine  truck  boxes,  816,  821 2 

Hot  main  brass,  816 1       3 

FREIGHT. 

Eccentric  bolts  coming  loose,  583 1 

Hot  main  brass,  506 1 

Soft  ping  melting  out,  584 1 

Waste  and  sparks  in  injector,  360  1       4 

DIVISION  D.  PASSENGER. 

Hot  engine  track  box,  746 1 

Hot  main  brass.  745 1 

Wheel  guard  bolt  working  loose,  745  1       3 

FREIGHT. 

Hot  driving  box.  428 1 

Hot  main  pin,  429  1        2 

DIVISION   E.  PASSENGER. 

Hot  engine  truck  box.  1.305  1 

Soft  ping  melting  out.  707  .. . —  1       2 

FREIGHT. 

Hot  driving  box  and  crank  pin.  560 1 

Hot  main  Kra-s.  1,532 1 

Soft  plug  melting  out.  552 1        3 

DIVISION  f.  freight. 

Eccentric  rod  bolt  nut  working  off.  1,201 1 

Eccentric  set  screws  working  loose,  1.206 1        2 

DIVISION   a,  PASSENGER. 

Eccentric  bolt  nut  working  off,  801 1        1 

FREIGHT. 

Eccentric  bolt  nuts  working  off.  418 1        1 

DIVISION  H.  PASSENGER. 

Driving  wheels  off  track,  account  too  much  end  play.  846.  846.  816. .  8 

Eccentric  rod  clevis  bolt  nut  lost.  841 1 

Hot  engine  truck  boxes.  -43.  "4*. 2 

Hot  main  pin,  841 1 

Hot  tender  track  box,  842  1 

Wheels  slipping,  bending  side  rods  and  bnrsting  main  wheel,  1.407.  1       9 

FREIGHT. 

Crosshead  gib  breaking,  account  insufficient  lubrication.  1.363 1 

Cms-head  lined  too  tight  in  Connellsville  shop.  1,362 1 

Hot  main  pin.  1,379 1 

Hot  tender  truck  box.  1.378 1 

Rocker  arm  baud  coming  off.  1.576 1       5 

DIVISION    I.  PASSENGER. 

Air  drum  studs  working  loose.  1.351 1 

Eccentric  set  screws  working  loose,  1 .38$ 1 

Hot  engine  trnck  boxes.  >28.  1. 388.  1,404     3 

Hot  main  brass.  608 1        6 

FREIGHT. 

Hot  main  pins.  1,386.  1.386 2 

Soft  plug  leaking.  959 1 

Tire  working  loose,  999 1        4 


DITISIQH  f  PA8BEKOBB. 

Hot  engine  truck  box.  7o5    1 

Hot  main  pin.  H88 1 

Soft  plug  melting  out.  741 1       3 

FREIGHT. 

Eugine  slipping.  1.366  1 

Soft  plug  melting  out.  787 * 1        2 

division-  k.  passenger. 

Hot  engine  trnc'k  boxea.  1,384.  1,391 2 

Hot  main  pin,  1,384 1        3 

FREIGHT. 

Eccentric  loose.  1.553 1       1 

Recapitulation  . 


Division. 

Passenger. 

Freight. 

Total. 

5 

2 
8 
3 
t 
0 
1 
9 

1 

S 

a 

i 

5 

! 

6 

3 

7 
5 
5 
! 

2 

14 

10 
S 

4 

37 

26 

63 

*  Last  month. 

33 

23 

56 

Same  month  last  year 

26 

36 

68 

TABLE  IV. 

Statement  of  Detentions  to  Trains.  September.  1893.  Compared 

with  September.  1892,  on  Mileage  Basis. 


Division. 


Number  of 
Detentions 


1      SslBils 


Defec 

TTVE 
Ma- 
chin- 
EBT. 


-  z. 
~~  5 


-7.  x£  ;•;  '-- 


1893— Pa,  "        4 

n-       .    1892—  Pas,  122.944  5        3 

Y>\\.  A.  1So:j_Frr.  127.590  1       2 

1892— Frt.  133.348  3       0 

1893— Pass  189.063  1 

tv      „   1892— Pass  212.939  10 

Div.  B.  lg93_Frt.  mo ,847  3 

1892— Frt.  318.173  2 


Steam 
Fail- 
ures. 


Other      All 
Causes  Causes 


=  i 
--  ; 


SP 


-  o  5  c 

~  -  =  ~  -  = 

f  z  —  ■  3-  ~ 

SS2  ii~ 


15.61J  -         -- 

24.589  40,981 

127,590  63.795 

44.449 


M,8B7 

1 7.5)3 
127,590 

8.196 
31.898 
44.449 

1893— Pass  65.113  5  17 

ru.   r    1892-Pass  72.9C-2  2  1 

DlT.  C.  i893_Frt.  232.570  17  14 

1892-Frt.  250.837  7 


1893— Pass 
„=_  t,  1892-Pa»s 
D,v  u- l.-93-Frt. 

1892— Frt.  ! 

12.105 

11.475 

20.591 

1 
5 
1 
4 

2 
1 
6 
11 

3 
0 

: 

4 

12.105 
5.738 

20,781 
5.148 

6.053 
11.475 
3.464 

4,036 

10.391 

19.141 

■ 
51.244 
24.650 

2.018 

3.825 
2.309 

- 

1893—  Pass 
niv  F  1892-Pass 
UlT-  *■  1893-Frt. 

1892— Frt. 

43.089 
153.732 
147,902 

li 
o 

4 
G 

•> 
10 
13 
22 

2 
1 
3 
6 

21.545 
38,433 

19,141 
4.309 

6,723 

9.571 
3.315 

- 

1893-Pass 

Divs.  F. 1892— Pass 

and  G.1893— Frt. 

1892-Frt. 

■ 

199  118 

199.970 

0 
4 
9 
17 

0 

8 
16 

1 
2 
3 

20.64-3 
22.1 24 
11,763 

- 
41.286 

■ 

69.841 
10.321 
9.956 

Total.    1893-Pass  374.4M  7  28 

Main  1892— Pass  422,975  20  18 

Stem  1893-1  -  34  4.3 

Div.    1892— Frt.  937,173  35  68 


11        53.486  13.372  34.037 

8        21.149  23.  49" 

13        25.301  20.1M  66.696 

■-•  42.612 


S.1.39 
9.195 

7.499 


Div.  H 


Div.  I 


1893-Pass  117,697  5  10 

1892— Pass  180,138  2  4 

1893-Frt.  193,929  4  10 

1892-Frt.  251.963  11  28 


*23.53»  11.770  13,077 

60.1  «8  30.034  20.023  10.011 

32  19.393  38.786  10.207 

22,9f>.  9.691  50.393  5.999 


1893-I'ass  112,6r0  8 

1892— Pass  115 

1-93-Krt.  ■  217.027  6 

1892-Frt.  -222.292  1 


Div.  J. 


1893-Pass    175,8 
1892— Pass    118,430     8 


6  14.075  56,3011  18,767 

1  14.435  28.870  11S.478 

4  36,171  43,406  54.257 

1  n»aq»  222.292  111.146 


7.038 
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1893- Pass 
mw   k  1892— Pass 

D1T.    «..j898_j.It 

lS92-Frt. 

25,306 
14,439 
17,918 

20,420 

1 
0 

1 
4 

4 

0 
0 
0 

3 
0 
1 
5 

25.300 
7,220 

17.915 
5,107 

6,347 

8,435 

"17.915 
4.085 

8,163 

7  '.".•11 

■J  269 

ToUl     JS^-P"8' 

'„  ■."  1893-Frt. 
to  K-  1892-Frt. 

313,800 

248,317 
368.188 

391,931 

18 
is 
9 
11 

12 
li 

14 
8 

12 
5 
7 

9 

17,433 
13,797 
40,904 
35,630 

26,150 
41,391 
26,290 
48,991 

26,150 
49,669 
52,591 
43,548 

7,471 
8,564 
12.271 
13.998 

Granil    1893— Pass 

Total,     189i-Pass 

All     1893-Frt. 

Lines.    1892— Fit. 

915,187 

914.4(11 

1,656,706 

1,714.715 

37 
45 
48 
60 

54 
31 
69 

101 

37 
26 
26 
36 

21,735 
20,820 

32.431 
28,579 

16,948 
29,497 
22.501 
16,811 

24,735 
35.109 
59.873 
47.631 

7.149 
8,965 
10.886 
8,660 

PROCEEDINGS  OF  SOCIETIES. 


Meetings  of  the  Central  Railway  Club— The  Secretary 
of  this  Club  announces  that  the  meetings  of  this  organization 
will  be  held  in  Buffalo,  on  the  fourth  Wednesday  of  January, 
March,  April,  September,  and  October,  1894. 


Proceedings  of  the  Engineers'  Society  of  Western  Penn- 
sylvania.—At  the  regular  meeting,  held  on  September  16, 
there  was  a  discussion  of  papers  on  Gas  and  Gas  Producers, 
and  the  Effect  of  Suddenly  Applied  Loads  of  Iron  and  Steel, 
which  were  read  at  the  June  meeting.  There  was  also  a  paper 
by  Mr.  E  Hyde  describing  a  water-tube  safety  boiler.  The 
general  design  of  the  boiler  will  place  it  in  the  upright  class, 
with  a  central  water  flue  extending  from  the  base  below  grates 
to  the  crown-sheet  and  entering  the  sides  of  this  due  some-- 
what  above  the  grates.  In  the  drawings  illustrated  the  crown 
sheet  was  located  at  about  one-third  the  distance  from  the  top 
of  the  boiler  toward  the  base.  The  boiler,  as  shown,  was  ar- 
ranged  Eor  the  use  of  waste  heat  from  a  heating  furnace,  though 
should  it  be  desired  to  fire  direct,  it  would  be  merely  necessary 
to  remove  the  tile  from  the  grate-bars  and  place  a  few  bricks 
in  the  furnace  flue  to  render  it  at  once  a  direct  fired  boiler. 


Engineers'  Club  of  St.  Louis. — At  the  meeting  of  the 
Club  on  November  15  Professor  W.  D.  Potter  read  a  paper  on 
Progress  of  Smoke  Abatement  in  St.  Louis.  The  paper  de- 
tailed the  work  which  had  been  done  by  the  Citizens'  Execu- 
tive Committee  on  Smoke  Prevention,  and  gave  a  T/gumeot 
the  devices  which  had  been  presented  for  accomplishing  that 
purpose.  Only  three,  however,  had  been  tested — the  Hawley 
down  draft,  the  Boileau,  and  the  zigzag  grate  bar.  About  50 
different  devices  for  preventing  smoke  are  in  use  in  St.  Louis, 
and  some  have  received  quite  an  extensive  application.  The 
steam. jet  principle  is  used  in  many,  down  draft  in  others,  and 
the  coking  arches  in  some.  There  are  some  so-called  combus 
tion  powders  or  compounds  advocated,  which  are  to  be  added 
to  the  coal  before  or  during  use.  These  usually  consist  of 
about  25  per  cent,  of  niter  with  salt,  sulphate,  or  carbonaled 
soda,  carbonate  of  ammonia,  etc.,  which  are  supposed  to  im- 
prove the  combustion,  prevent  smoke,  and  slag  the  ashes. 
They  are  valueless,  however,  as  the  amount  of  niter  is  too 
small  to  do  any  good,  only  3  lbs.  of  powder  being  used,  while 
the  trouble  with  the  ashes  generally  is  that  they  are  already 
too  fusible,  hence  clinker  on  the  grate  bars.  The  work  of  the 
committee  has  resulted  in  creating  a  demand  for  a  better  de- 
sign of  boiler  and  greater  care  in  their  operation.  More  care  is 
also  being  exercised  in  selecting  fuels.  The  steam  jet  princi- 
ple i3  usually  effective  in  preventing  smoke,  but  it  is  generally 
at  a  slightly  increased  consumption  of  fuel.  One  case  was 
cited  where  an  economy  of  18  per  cent,  had  been  obtained, 
with  a  steam  jet  where  a  bed  of  15  in.  was  carried  on  a  hard 
worked  boiler,  though  when  the  thickness  was  increased  to 
20  or  lessened  to  8  in.  there  was  a  loss  in  economy  and  capac 
ity  ;  that  the  down-draft  type  was  not  only  effective  in  pre- 
venting smoke,  but  increased  the  efficiency  and  economy  of 
the  plant,  and  that  40  to  45  lbs.  of  coal  per  square  foot  of 
grate  surface,  with  a  good  draft,  or  50  lbs.  with  stiong  draft, 
could  be  burned  on  down-draft  grate  bars.  The  Wabash  Kail 
road  is  successfully  preventing  smoke  on  its  locomotives  by  a 
combination  of  the  steam  jet  and  baffle  arch,  the  latter  d  >ing 
away  with  the  excessive  noise  of  the  jet.  A  new  down-draft 
device  has  also  been  brought  out  in  London,  England,  lot- 
domestic  stoves  and  ranges.  It  is  quite  successful,  and  prom 
ises  to  solve  the  smoke  question  for  dwellings,  but  where 
smokeless  fuels  like  coke,  anthracite,  oil,  and  gas  are  avail 
able,  they  not  only  prevent  smoke,  but  are  much  cleaner. 
Crushed  coke  was  stated  to  be  but  little  more  expensive  than 
coal.  In  the  discussion  which  followed  it  was  stated  that  the 
extra  expense  of  adding  a  down  draft  device  to  a  100  II.P. 
plant  is  about  $800,  while  the  economy  obtained  is  about  23 


per  cent,  in  fuel.  It  was  also  claimed  that  no  ordinary  grate 
bars  would  satisfactorily  prevent  smoke  after  long  periods 
where  the  care  of  the  firemen  had  to  lie  depended  upon,  no 
mailer  how  slow  the  rate  of  combustion. 


PERSONALS. 


Messrs.  Paschke  &  Kki.i.ey,  Civil  Engineers,  announce 
that  they  have  opened  an  office  in  Room  9,  World  Building, 
New  York,  to  do  general  engineering  work.  Extensive  ex- 
perience in  Spanish-American  countries  and  a  knowledge  of 
their  languages  and  customs  will,  they  think,  enable  them  to 
cover  an  entirely  new  field  in  their  occupation.  They  hope 
to  be  of  especial  service  to  corporations,  capitalists,  and  engi- 
neers who  desire  examinations  for  or  superintendence  of 
structures  in  foreign  countries. 


OBITUARY. 


Edward  Martin. 

Edward  Martin  died  at  Red  Hook,  N.  Y.,  on  December  3, 
at  the  age  of  83  years.  He  was  a  civil  engineer  by  profession 
and  had  laid  out  many  railroads  in  this  country.  He  located 
the  Hudson  River  Railroad  from  Albany  as  far  south  as  Hyde 
Park.  At  one  time  he  was  Superintendent  of  the  old  Galena  & 
Chicago  Railroad,  and  was  the  first  President  of  the  Rhine- 
beck  &  Connecticut  Railroad.  The  first  engine  that  ever  drew 
a  train  of  cars  in  America  was  put  in  order  by  him.  He  was 
noted  for  his  philanthropic  deeds,  and  had  largely  contributed 
to  church  work  in  his  native  town. 


Manufactures. 


GLASS    OIL  CUP   FOR    DYNAMOS    AND   GEN- 
ERAL ENGINE  BEARINGS. 


The  cup  herewith  illustrated  is  provided  with  an  "  index" 
device  for  regulating  the  flow  of  oil,  and  an  indicator-arm 
turning  on  the  lid  to  mark  the  notch  giving  the  desired  feed. 
When  desired  the  feed  can  be  instantly  turned  off.  and  on 
again,  by  replacing  the  index  lever  in  the  notch  of  the  indica- 
tor-arm. When  the  index-arm  is  closed  the  lever  can  be  left 
to  stand  up  out  of  the  notch,  thus  acting  as  an  indicator  to 
show  from  a  distance  that  the  feed  is  shut  off. 

'As  is  often  the  case,  where  a  num- 
ber of  cups  require  different  feeds, 
especially  before  starting  engine, 
when  an  extra  amount  of  oil  is 
wanted,  this  can  easily  be  accom- 
plished with  the  "  Crown,"  without 
losing  the  original  feed,  by  simply 
moving  the  indicator-arm  a  lew 
notches  to  the  right,  and  when  the 
established  feed  is  again  required  it 
is  only  necessary  to  replace  same  in 
the  index  slide,  which  marks  the  es- 
tablished feed. 

These  cups  are  all  made  of  cast 
brass,  handsomely  finished,  and  are 
heavy  and  durable.  The  oil  will  not 
leak  out  between  the  brass  and  the 
glass  parts,  as  is  the  case  with  all 
ordinary  spun  brass  cups. 

Where  a  strictly  first-class  cup  is 

wanted  -one  licit  can  be  relied  upon 

— the     "  Crown"    is    recommended. 

Wherever  they  have  been  put  in  use 

they  are  giving  the  very,best  of  satisfaction.     The.v  are  made 

in  eight  sizes,  holding  all  the  way  from  j  to  18  oz.  of  oil. 

Besides  the  "  Crown,"  this  Company  makes  even  other  styles 
for  various  purposes,  all  of  which  ate  fully  described  and 
illustrated  in  a  catalogue,  which  will  be  mailed  to  any  address 
upon  request. 

These  goods  are  manufactured  by  the  Lunkenheimer  Com- 
pany, of  Cincinnati,  O. 
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EDITORIAL  NOTES. 


The  instability  of  warships  has  probably  been  a  matter  of 
growth  and  evolution,  like  many  other  things.  The  desire  to 
raise  the  firing-point  of  heavy  guns  as  far  above  the  water- 
level  as  possible,  the  use  of  heavily  armored  turrets,  and  the 
increasing  weight  of  the  military  masts  with  their  protected 
tops  have  so  raised  the  center  of  gravity  of  the  vessel  that  the 
stability  has  been  sacrificed.  It  seems  hardly  proper  to  put  a 
gun  on  a  platform  which  has  such  a  tendency  to  roll  that 
accurate  aiming  is  impossible,  merely  for  the  sake  of  a  few 
feet  of  elevation  above  the  water-line. 


The  iron  car  has  had  a  loug  pull  and  a  hard  pull  in  getting 
itself  admitted  into  the  favor  of  railroad  men,  but  the  time 
seems  to  be  near  at  hand  when  it  will  be  regarded  as  an  essen- 
tial part  of  the  rolling  stock.  Heretofore  the  great  expense 
attending  its  construction  and  the  more  than  doubtful  saving 
in  maintenance  has  kept  it  out  of  the  race.  But  such  reports 
as  those  furnished  by  Mr.  Joughins,  on  the  cost  and  repair 
account  of  the  iron  cars  which  he  has  had  in  service,  will  go 
far  toward  removing  prejudice  from  the  minds  of  the  men  iu 
charge  of  the  car  departments,  and  opening  the  way  for  the 
general  introduction  of  these  cars  for  some  kinds  of  freight. 


The  newspapers  have  been  commenting  very  widely  of  late 
on  the  practice  of  paying  speed  premiums  on  war  vessels. 
While  the  practice  was  certainly  one  to  have  been  commended 
when  it  was  first  introduced  by  Secretary  Whitney,  as  Ameri- 
can builders  did  not  know  what  they  could  do,  it  does  seem 
that  now  if  the  Government  wants  a  20-knot  vessel  it  should 
contract  for  it  direct,  and  not  invite  bids  for  an  18-kuotter  with 
a  privilege  granted  to  the  builder  of  making  the  speed  20  knots 
and  get  a  premium  of  $300,000.  It  certainly  favors  the  builder 
and  allows  for  laxity,  f-or  we  take  it  for  granted  that  a  30-knot 
speed  is  wanted  when  18  is  asked  for.  American  builders  do 
not  need  this  coddling  any  longer;  they  know  what  they  can 
do,  so  the  reason  for  the  premium  system  appears  to  exist  no 
longer. 


The  instability  of  some  of  the  warships  of  the  English  and 
United  States  navies  has  been  brought  prominently  to  the  at- 
tention of  the  public  during  the  month  that  has  passed.  The 
Naval  Board  have  reported  against  two  of  our  own  vessels, 
and  recommended  heroic  measures  for  the  remedying  of  the 
difficulty.  The  English  vessel  Resolution  has,  according  to  all 
reports,  had  a  narrow  escape  from  capsizing  in  the  Bay  of 
Biscay.  The  question  naturally  arising  from  these  two  events 
is,  "  Who  is  responsible  ?"  To  this  there  seems  to  be  no  an- 
swer forthcoming.  Professional  courtesy  reigns  supreme, 
and  the  designer,  whoever  he  may  be,  is  sheltered  behind  this 
cloak.  Perhaps  no  good  would  be  accomplished  by  making 
this  name  public,  but  the  Navy  Department  should  take  very 
good  care  that  he  designs  no  more  ships. 


The  probability  is  that  the  conventions  of  the  Master  Car- 
Builders'  and  Master  Mechanics'  Associations,  whicli  are  to  be 
held  at  Saratoga  in  June,  will  be  a  notable  success  from  the 
standpoint  of  the  exhibits  which  are  to  be  presented.  Already 
the  committee  in  charge  of  the  local  matters  is  making  prep- 
arations for  the  installation  of  exhibits,  and  it  is  announced 
that  there  will  be  a  line  of  shafting  in  motion  from  which 
power  can  be  taken  for  driving  machine  or  other  tools.  This 
is  a  step  in  the  right  direction,  and  one  that  will  be  appreciated 
by  those  who  have  made  individual  attempts  in  time  past  to 
provide  a  means  for  operating  machinery.  The  results  ob- 
tained have  been  so  unsatisfactory  that  it  is  very  rarely  that  a 
second  attempt  has  been  made,  but  with  a  line  of  shafting 
driven  by  a  suitable  engine  there  will  undoubtedly  be  a  fine 
exhibition  of  machinery  in  motion. 


MEETING   OF   MEMBERS    OF    THE    AMERICAN 
SOCIETY  OF  MECHANICAL  ENGINEERS. 


On  another  page  we  give  a  report  of  the  proceedings  of  a 
first  meeting  of  members  of  the  Society  of  Mechanical  Engi- 
neers for  the  discussion  of  subjects  pertaining  to  their  occupa- 
tion. This  meeting  to  a  certain  extent  was  an  experimental 
one,  and  was  held  as  a  sort  of  sequence  to  a  discussion  which 
was  first  commenced  in  these  pages.  The  meeting  was  gen- 
erally considered  a  success,  and  the  encouragement  offered  to 
its  projectors  and  those  in  attendance  will  lead  to  a  continu- 
ance of  the  meetings,  and  it  is  hoped  will  ultimately  make 
them  a  permanent  feature  in  the  proceedings  of  this  Society, 
or  rather  of  its  members.  That  such  meetings  may  be  made 
sufficiently  interesting  and  profitable  to  induce  members  to 
attend  them  was  shown  in  this  first  assemblage,  and  the  dis- 
cussion of  the  subject  whicli  was  presented.  The  attendance 
was  very  good,  the  hall  of  the  Society  being  nearly  tilled. 
The  regular  date  for  holding  the  meetings  is  the  evening  of 
:the  second  Wednesday  of  each  mouth.  This  date  will  fall 
on  February  14,  when  the  same  subject  that  was  considered 
at  the  last  meeting — the  Development  of  Stationary  Engines 
as  illustrated  by  those  exhibited  at  the  Columbian  Exhibition 
in  Chicago — will  again  be  discussed.  Mr.  Charles  T.  Porter 
will  introduce  the  subject,  which  will  afterward  be  open  for 
general  discussion. 

As  will  be  seen  from  the  introductory  remarks  of  the  chair- 
man of  the  Committee  in  charge  of  the  meetings,  they  will  be 
conducted  in  a  very  simple  way.  As  far  as  practicable  it  is 
the  purpose  to  ignore  "cranks"  ami  mathematics.  At  least 
some  of  the  members  of  the  Committee  are  of  the  opinion  that 
engineers  should  use  mathematics  as  they  say  their  prayers — 
that  is,  it  should  be  done  in  private.  The  Committee  will  aim 
to  make  these  meetings  occasions  for  presenting  the  ripest 
fruits  of  the  experience  and  knowledge  of  the  members  of  the 
Society  and  their.agsociates. 
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A  CRITICISM  FROM  HEADQUARTERS. 


In  the  announcement  of  our  purposes  and  intentions  for  the 
year  1894,  which  was  published  in  the  December  number  of 
The  American  Engineer,  in  speaking  of  our  monthly  record 
of  accidents  to  locomotive  engineers  and  firemen,  it  was  said 
that  "'  its  object  is  to  call  the  attention  of  railroad  managers 
especially,  and  the  public  generally,  to  the  terrible  amount  of 
pain  and  agony,  the  suffering  and  bereavement,  and  the  sacri- 
fice of  life  and  limb  which  goes  on  daily  on  our  railroads, 
almost  unnoticed  and  certainly  unheeded.  We  hope  to  awaken 
public  indignation  and  to  arouse  railroad  managers  to  the  ex- 
ertion of  some  intelligent  effort  to  diminish  this  sacrifice  of 
life,  and  the  inexpressible  torture  to  which  men  are  often  sub- 
jected for  no  other  reason  than  that  they  have  faithfully  per- 
formed their  duties." 

This  paragraph  has  been  the  subject  of  some  criticism,  and 
a  railroad  officer  writes,  asking  whether  we  "  have  any  idea 
that  the  attention  of  railroad  managers  will  be  any  more  effec- 
tually called  to  these  matters  than  it  now  is  in  their  daily 
routine  of  business  V"  He  also  inquires  whether  we  "  know  of 
any  railroad  manager  who  is  so  hardened  that  he  is  not  willing 
to  consider  and  adopt  any  practical  device  for  the  purpose 
shown  ?" 

The  criticism  is  a  fair  one,  and  we  have  therefore  read  over 
our  quoted  paragraph  several  times  to  see  wherein,  if  at  all, 
it  should  be  altered.  Reflection  has  suggested  the  change  of 
one  word.  If  the  paragraph  were  unwritten  or  unprinted,  the 
word  "  more"  would  be  substituted  for  "some."  As  it  now 
reads,  the  Implication  is  that  railroad  managers  do  not  exert 
any  intelligent  effort  to  diminish  the  sacrifice  of  the  lives  of 
engineers  and  firemen.  That  is  unjust.  If  we  were  shaping 
that  sentence  into  language  anew,  it  would  be  said  that  "  we 
hope  to  awaken  public  indignation  and  to  arouse  railroad 
managers  to  the  exertion  of  more  intelligent  effort  to  diminish 
this  sacrifice  of  life." 

To  the  question  of  our  correspondent  about  railroad  man- 
agers, we  feel  compelled  to  answer  that  we  do  know  of  rail- 
road managers  who  are  unwilling  to  adopt  practical  devices 
for  saving  life.  The  recent  accident  on  the  Delaware,  Lacka- 
wanna ifc  Western  Railroad  is  a  melancholy  example.  It 
would  not  be  necessary  to  go  far  to  find  others,  and  it  has  hap- 
pened over  and  over  again  that  only  the  sad  teaching  of  ca- 
lamity, the  force  of  public  opinion,  or  the  strong  arm  of  the 
law  has  made  managers  willing  to  adopt  practical  devices. 
It  is  not  so  many  years  ago  that  it  required  repeated  accidents 
on  a  very  prominent  railroad,  which  carries  passengers  to  and 
from  New  York,  to  adopt  air-brakes  on  its  trains,  and  on  the 
same  road  it  required  an  awful  calamity,  which  came  in  the 
form  of  a  personal  bereavement  to  those  in  authority,  to  induce 
them  to  realize  the  need  of  block  signals  on  that  same  line. 

Now  this  reluctance  to  adopt  practical  devices  is  not  because 
railroad  managers  are  "  hardened,"  as  our  correspondent  ex- 
presses it.  They  are  not.  Some  of  the  most  tender-hearted 
and  sympathetic  persons  we  have  ever  known— and  among 
them  is  our  correspondent—  have  been  railroad  managers,  and 
it  is  safe  to  say  that  they  all  realize  their  responsibility  to  an 
extent  that  is  impossible  to  those  who  often  criticise  them 
hastily.  But  the  motives  of  action  of  a  railroad  manager,  like 
those  of  most  other  human  beings,  are  very  complex,  and  have 
added  to  them  all  the  intricacies  of  the  organization  over 
which  he  exercises  control.  Life  and  all  its  duties  and  per- 
plexities would  be  very  much  easier  if  we  could  all  know  ex- 
actly what  we  ought  to  do.  That  word  "practical,"  which 
our  correspondent  uses,  may  embrace  a  great  many  of  our 
difficulties.  We  encounter  it  constantly  in  our  personal,  our 
social,  our  business,  and  our  political  relations.  To  know 
what  is  practical  and  what  is  not  is  often  our  great  difficulty. 
Even  in  shaping  these  feiv  sentences,  the  question  is  constantly 


arising  whether  a  given  form  of  sentence  or  selection  of  words 
is  practical— that  is,  will  it  express  clearly  what  is  in  the 
writer's  mind  ?  On  the  Delaware,  Lackawanna  &  Western 
Railroad  the  President  and  General  Manager  apparently  don't 
think  that  block  signals  are  practical.  In  the  early  days  of 
railroading  in  which  the}'  were  trained  such  signals  were  not 
essential,  but  gradually  year  by  year  traffic  increased,  until 
almost  unconsciously  a  condition  of  things  has  been  reached 
under  which  the  trains  cannot  be  moved  safely  without  such 
signals.  In  the  mean  while,  these  gentlemen  have  been  grow- 
ing old,  and  with  advancing  years  an  aversion — which  comes  to 
all  of  us — to  adopting  new  ideas  has  gradually  taken  possession 
of  them,  and  the  avenues  to  their  minds  through  which  new 
ideas  and  conviction  should  find  an  entrance  have  been  con- 
tracted. 

The  fact  is  that  "  practical"  devices  for  preventing  accidents 
are  not  always  obvious,  and  this  is  particularly  the  case  with 
the  class  of  accidents  which  happen  to  engineers  and  firemen. 
They  have  not  been  studied  with  a  sufficient  amount  of  care 
to  indicate  how  they  may  be  prevented.  When  passengers 
are  killed  or  injured  it  attracts  public  attention,  and  there  is 
an  investigation  of  some  kind,  with  suggestions  for  prevention 
in  future  ;  but  when  an  engineer  or  fireman  is  killed,  it  is  ac- 
cepted as  a  necessary  concomitant  of  the  operation  of  a  rail- 
road. 

One  of  the  objects  for  which  our  monthly  record  of  accidents 
to  engineers  and  firemen  is  published  is  to  bring  them  together 
so  that  they  can  be  analyzed  and  classified,  and  we  have  enter- 
tained the  hope  that  from  these  records  it  might  be  possible  to 
discern  the  causes  of  different  kinds  of  casualties,  and  thus 
see  in  what  direction  a  remedy  should  be  sought.  That  there 
is  a  constant  sacrifice  of  the  lives  and  limbs  of  engineers  and 
firemen  on  our  railroads  no  one  doubts.  Why  is  it  not  pre- 
vented ?  Because  no  practical  way  is  apparent  to  our  man- 
agers of  doing  it.  Who  is  prepared  to  say  that  prevention,  or 
at  least  mitigation,  is  impossible  ?  Our  purpose  is  to  indicate 
the  means,  if  that  can  be  done,  and  to  stimulate  other  people  to 
do  so,  if  that  be  possible. 

It  may  not  be  amiss  to  suggest  certain  directions  in  which 
railroad  managers  might  look  for  means  of  preventing  such 
accidents.  Attention  has  been  called  in  these  pages  many 
times  to  the  insufficiency  of  the  steps  on  locomotives  and  ten- 
ders, and  it  is  a  gratification  to  be  able  to  say  that  several  of 
the  builders  of  locomotives  have  acted  on  these  suggestions, 
and  that  now  the  Schenectady  and  the  Brooks  and  other  loco- 
motives have  large,  liberally  proportioned  steps,  conveniently 
located,  and  easily  accessible.  There  are,  however,  thousands 
of  locomotives  running  with  steps  which  invite  accident,  and 
we  have  never  heard  of  a  railroad  manager  ordering  one  of 
them  removed  and  a  better  put  in  its  place. 

Our  accident  reports  bear  frequent  testimony  of  the  occur- 
rence of  that  class  of  accidents  in  which  engineers  and  firemen 
are  scalded.  Now,  an  ordinary  locomotive  boiler  has  more 
holes  in  it  than  the  top  of  a  pepper-box.  These  are  intended 
for  and  receive  the  various  cocks,  gauges,  valves,  and  other 
attachments  which  are  essential  to  the  operation  of  the  boiler 
and  the  locomotive.  In  accidents  these  are  likely  to  be 
knocked  off,  which  releases  the  steam  or  hot  water,  and  thus 
men  pinioned  in  a  wreck  are  often  slowly  or  rapidly  scalded 
to  death,  or  tortured  so  that  death  would  be  preferred.  Now, 
is  there  anywhere  on  any  road  or  in  any  locomotive  shop  any 
effort  being  made  to  reduce  the  risk  to  this  class  of  accidents  ? 
There  are,  we  know,  several  kinds  of  check-valves  manufac- 
tured, and  are  being  introduced  to  a  limited  extent,  which  are 
located  inside  of  the  boiler,  so  that  if  in  a  collision  the  check- valve 
or  its  case  is  broken  off  the  hot  water  and  steam  cannot  escape. 
The  terrible  accident  which  occurred  on  the  Pennsylvania  Rail- 
road about  12  or  15  years  ago  at  Pi  tsburgh  will  be  remembered. 
Iu  this  a  traiu  from  Pittsburgh  ran  into  the  rear  end  of  a  stand- 
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ing  local  train.  The  locomotive  telescoped  into  the  rear  car, 
which  was  filled  with  passengers.  In  doing  so  the  check-valve 
and  its  case  was  broken,  and  the  contents  of  the  boiler  were 
discharged  into  the  car,  scalding  a  large  number  of  passengers 
to  death.  The  inside  check-valve  has  been  designed  to  guard 
against  such  accidents,  and  has  been  pronounced  a  "  practical 
device"  for  the  purpose,  yet  it  is  quite  safe  to  say  that  it  has 
been  adopted  on  comparatively  few  roads.  That  it  would  be 
possible  to  protect  some  or  all  of  the  other  openings  in  a  boiler 
by  similar  means,  or  by  skillful  designing  largely  diminish  the 
number  of  openings  required,  we  think  is  a  safe  assertion  ;  and 
yet  who  is  doing  it  ? 

:  In  many  of  the  recent  locomotives,  too,  the  space  in  which 
the  engineer  and  fireman  must  work  is  so  contracted  and  in- 
convenient that  no  human  being  should  be  asked  to  occupy 
them.  The  men  are  often  so  hedged  in  that  escape  is  impossi- 
ble in  the  face  of  impending  danger. 

"  Not  an  unusual  cause  of  injury  to  the  men  on  the  engines 
in  accidents  is  that  in  collision  or  derailments  the  tender  is 
forced  or  jumps  up  on  the  foot-board  of  the  engine,  or  the 
tank  breaks  loose  from  its  fastenings,  or  if  it  does  not,  the  coal 
is  discharged  as  from  a  catapult  on  to  the  unfortunate  men  on 
the  engine.  Now  it  is  submitted  that  it  would  not  be  a  diffi- 
cult mechanical  problem  to  devise  some  means  which  would 
hold  the  tender-frame  in  its  place,  and  prevent  it  from  mount- 
ing on  the  foot-board  of  the  engine.  Mr.  Blackstone,  on  the 
Chicago  &  Alton  Railroad,  has  for  years  used  a  device  of  that 
kind  on  his  passenger  cars.  It  is  effectual  and  not  expensive 
and  therefore  practical,  and  yet  it  has  never  been  applied  to 
engines  and  tenders. 

^  To  get  a  realizing  sense  of  the  danger  to  which  the  men  are 
exposed  on  locomotives,  let  any  one  imagine  that  the  tank  and 
its  contents  and  the  coal  on  the  tender,  of  an  aggregate  weight 
of,  say,  50,000  lbs.,  was  suspended  by  a  frail  attachment  at  a 
height  of,  say,  50  ft.  overhead.  The  imminence  of  the  danger 
is  apparent,  if  the  attachments  which  hold  this  weight  should 
break.  The  velocity  which  this  weight  would  acquire  in  fall- 
ing 50  ft.  would  be  just  about  40  miles  per  hour.  Now  when 
running  at  that  speed  on  a  locomotive,  the  momentum  of  the 
tank  and  coal  would  be  just  as  deadly,  if  the  engine  should  be 
suddenly  stopped  by  a  collision  or  derailment,  and  the  attach- 
ments of  the  tank  to  the  tender-frame  should  break,  as  it  would 
be  if  they  fell  on  the  engineer  and  fireman  from  a  distance  of 
50  ft.  above  them.  All  that  is  interposed  to  the  occurrence  of 
such  a  disaster,  in  cases  of  collision,  is  the  fastenings  of  the 
tank  to  the  frame  of  the  tender.  It  will  require  a  good  deal 
of  temerity  for  any  one  to  say  that  these  are  as  strong  as  they 
easily  might  and  should  be  made. 

It  is  not  believed  that  railroad  managers  are  "hardened," 
nor  that  they  are  indifferent  to  the  safety  of  their  men  but, 
like  the  rest  of  mankind,  they  often  are  not  able  to  see  or  to 
know  what  measures  are  "  practical,"  and  the  mental  inertia 
which  weighs  down  the  whole  human  race  exerts  its  force  on 
them  as  it  does  on  all  the  rest  of  us.  To  bring  about  a  reform 
of  any  kind  a  great  deal  of  intelligent  "hustling"  is  always 
demanded,  and  before  we  can  set  things  right  it  is  important 
to  know  to  what  extent  they  have  gone  wrong.  This  service, 
it  is  thought,  our  reports  of  accidents  to  engineers  and  firemen 
may  perform. 


NEW    PUBLICATIONS. 


The  Electric  World  has  also  assumed  a  new  suit  of  clothes 
with  the  new  year.  Its  size  is  now  9J  X  13  in.,  which  is  much 
more  convenient  than  the  old  form.  It  may  be  noticed  that 
when  the  fickle  goddess  smiles  on  our  cotemporaries,  they 
immediately  try  to  emulate  the  good  example  which  The 
American  Engineer  has  continually  aimed  to  establish. 
Fellow-cotemporaries,  we  are  now  all  three  of  a  kind.  May 
the  mantle  of  peace  aud  prosperity  be  upon  all  of  us. 


The  Tradesman,  published  semi-monthly  in  Chattanooga, 
comes  to  us  in  a  new  form  which  is  now  almost  exactly  the 
size  of  The  American  Engineer.  It,  The  Tradesman,  has 
all  the  appearances  of  prosperity.  Whether  its  proprietors 
are  correspondingly  happy  we  have  no  means  of  knowing,  but 
it  seems  as  though  they  ought  to  be. 


A  Thousand-Mile  Ride  on  the  Engine  of  the  Swiftest 
Train  in  the  World.  From  New  York  to  Chicago  in  the 
Cab  of  the  Exposition  Flyer.  By  Cy  Warman,  formerly  en- 
gineer on  the  Denver  &  Rio  Grande  Railroad. 

The  above  is  the  imposing  title  of  an  article  in  McC lure's 
Magazine  for  January.  It  is  written  in  the  current  news- 
paper style,  which  is'a  little  hysterical.  It  is  illustrated  with 
engravings  of  various  kinds  one  very  excellent  one  of  the  re- 
produced DeWitt  Clinton  and  train,  which  has  been  published 
so  much  and  so  often.  The  celebrated  999  and  her  train  is 
also  very  well  engraved.  Not  so  much  can  be  said  of  some  of 
the  portraits.  The  writer  of  this  notice  is  well  acquainted 
with  Mr.  Buchanan,  Superintendent  of  Machinery  of  the  New 
York  Central  Railroad,  and  he,  the  writer,  can  bear  personal 
testimony  that  his  hands  are  not  as  big  and  his  head  is  not  as 
small  as  they  are  represented  in  his  portrait  in  this  article. 
The  kind  of  pictures  which  newspapers  publish  of  people 
make  one  long  for  an  extension  of  the  copyright  law,  so  that 
we  may  have  our  faces  copyrighted  and  thus  prevent  such 
misrepresentations  being  published. 

The  article  is  popular  and  readable,  which  is  about  all  that 
can  be  said  in  its  favor. 

On  Formulas  for  Pile-Driving.  By  Charles  Haynes 
Haswell,  M.  Inst.  C.E.  For  nearly  40  years  a  copy  of  "  Has- 
well's  Engineers'  and  Mechanics'  Pocket-Book"  has  been  a 
companion  of  the  writer.  This  copy  was  published  in  1855, 
and  is  well  worn  and  soiled.  It  opens  of  itself  at  the  places 
which  have  been  oftenest  referred  to,  among  these  being 
the  tables  of  areas  and  diameters,  which  are  nearly  worn 
out.  The  author  of  this  book  is  now  84  years  of  age, 
and  may  be  met  any  morning  walking  to  his  office  with 
a  vigor  and  elasticity  which  some  of  us  who  are  a  gener- 
ation younger  may  envy.  It  will,  perhaps,  come  as  a  surprise 
to  some  of  our  readers  to  have  a  new  paper  by  this  same 
author.  The  little  pamphlet  before  us  is  a  paper  of  six  pages 
submitted  to  the  Institution  of  Civil  Engineers.  In  it  he  has 
attached  the  formulae  of  other  writers,  and  has  evolved  one  of 
his  own.  Many  of  us  will  hope  that  Mr.  Haswell  may  write 
still  another  paper  and  give  in  it  the  formula  for  perpetual 
youth,  which  he  apparently  has  discovered. 


Notes  on  the  Testing  and  Use  of  Hydraulic  Cement. 
By  Frederick  P.  Spalding,  Assistant  Professor  of  Civil 
Engineering,  Cornell  University,  Ithaca,  N.  Y.  Andrus  & 
Church,  Ithaca,  N.  Y.     6f  X  4$  in.,  108  pp. 

The  notes  embodied  in  this  little  book,  the  author  says, 
"  were  designed  for  use  as  a  text  in  a  short  course  of  instruc- 
tion, as  well  as  to  serve  the  purpose  of  a  handbook  in  the 
laboratory."  It  consists  of  three  chapters  on  the  Nature  and 
Properties  of  Cement ;  Cement  Testing  ;  The  Use  of  Cement 
and  the  Literature  Relating  to  Cement. 

A  new  book  is  somewhat  like,  and  in  fact  is  a  new  acquaint- 
ance, and  the  reader  is  influenced  by  it  somewhat  as  he  is 
when  he  meets  a  stranger.  Some  people  and  some  books  keep 
us  at  a  distance,  while  others  at  once  seem  to  take  us  into  their 
confidence.  The  book  before  us  is  one  of  the  latter  kind. 
The  author  begins  by  telling  the  reader  in  the  simplest  and 
clearest  way  what  hydraulic  cement  is,  describes  its  properties, 
how  it  hardens  or  sets,  and  the  peculiarities  of  this  pn 
under  different  conditions.  The  second  chapter  describes  the 
object  of  testing  it,  the  qualities,  such  as  weight  and  specific 
gravity,  fineness,  rate  of  setting,  tensile  strength,  soundness, 
chemical  ingredients,  etc.  The  methods  of  making  such  tests 
are  also  described  in  an  admirably  clear  style,  which  the  reader 
follows  without  an  effort,  and  is  as  much  entertained,  and  a 
great  deal  more  instructed,  than  he  is  in  reading  a  newspaper 
article.  The  third  chapter  tells  us  of  the  use  of  sand  and 
water  in  mortar,  mixing  mortar,  concrete,  and  lime  and  cement, 
the  effects  of  freezing  on  mortar,  its  porosity,  permeability, 
expansion,  and  contraction. 

The  last  chapter  gives  a  list  of  literature  relating  to  hydraulic 
cement  in  English,  French,  and  German.  The  author  says 
that  only  such  papers  have  been  included  as  seem  to  possess 
some  definite  value  for  purposes  of  research.  This  feature  of 
the  book  is  a  very  valuable  one. 

Altogether  these  "  notes."  which  Professor  Spalding  has 
given  to  the  public,  may  be  highly  commended,  and  it  may 
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be  said  of  them  that  he  has  "  so  presented  his  ideas  that  they 
may  be  apprehended  with  the  least  mental  effort,"  instead  of 
clouding  them  in  circuitous  phrases  and  intricate  mathematics, 
as  seems  to  be  the  fashion  of  late  in  the  writing  of  technical 
books. 


Elementary  Lessons  in  Steam  Machinery  and  the  Marine 
,  Steam- Engine,  with  a  Short  Description  of  the  Construction 
of  a  Battleship.  Compiled  for  the  use  of  junior  students  of 
marine  engineering,  by  Stall'  Engineer  J.  Langmaid,  It. N., 
"and  Engineer  H.  Gaisford,  It.N.  New  edition,  revised  and 
.enlarged.  London  and  New  York:  Macmillan  &  Co. 
8}  X  5 J  in.,  261  pp. 

These  "Elementary  Lessons,"  the  authors  tell  us,  "were 
prepared  for  the  naval  cadets  in  H.  M.  S.  Britannia,  and 
represent  a  systematic  course  of  simple  instruction  preparatory 
to  a  more  thorough  study  of  the  whole  subject." 

Under  the  guise  of  this  rather  formidable  title  and  preten- 
tious announcement,  the  authors  and  publishers  have  given 
the  public  a  lot  of  what  may  be  called  engineering  twaddle, 
and  if  this  is  the  basis,  as  the  authors  say  it  is  intended  to  be, 
of  the  instruction  of  the  naval  cadets  in  H.  M.  S.  Britannia, 
they  are  deserving  of  sympathy. 

As  an  example  of  the  sort  of  intellectual  food  prepared  for 
them,  the  following  is  an  example  :  "  In  constructing  steam  or 
other  machinery,  measurements  arc  usually  made  in  feet, 
inches,  and  fractions  of  an  inch,  and  these  measurements  must 
be  very  accurate  and  exactly  adhered  to."  Are  the  cadets  in 
the  British  Navy  in  the  habit  of  thinking  that  steam  machinery 
is  measured  by  the  yard,  furlong,  mile,  or  French  meter  ? 

Again  it  is  said  :  "  Cylindrical  surfaces  are  measured  by 
gauges,  'ring,'  and  'plug,'  similar  to  those  represented  in 
tig.  1."  This  isnot  true  ;  such  gauges  are  not  used  for  measur- 
ing cylindrical  surfaces,  but  only  as  standards  of  reference, 
from  which  the  correctness  of  the  measuring  tools  or  instru- 
ments may  be  verified. 

"  Truly  flat  surfaces,"  it  is  said,  "  are  insured  by  the  use  of 
'straight  edges'  and  'surface  plates.'  "  If  the  authors  had 
here  explained  how  to  use  straight  edges  in  order  to  make  a 
flat  surface,  and  how  the  inaccuracies  in  one  flat  surface  can 
only  be  corrected  by  comparing  or  testing  it  with  two  others, 
they  would  have  been  giving  the  cadets  valuable  information. 
M  The  book  hardly  merits  serious  review.  To  tell  a  student 
that  "a  screw  may  be  defined  as  a  cylindrical  bar  on  which 
has  been  formed  a  helical  projection  or  thread,"  is  giving  an 
explanation  which  is  harder  to  understand  than  the  thing  ex- 
plained. 

The  book  might,  perhaps,  somewhat  coarsely,  be  described 
as  mechanical  hash— that  is,  it  is  a  lot  of  fragments  which 
have  been  thrown  together  without  system  and  often,  appar- 
ently, without  purpose.  The  only  features  which  can  be 
commended  arc  the  j>rin t inir  and  engraving.  Both  of  these 
are  excellent.  Apparently  the  authors  procured  the  services 
of  a  good  mechanical  draftsman,  who  supplied  the  illustrations. 
It  is  to  be  regretted  that  he  did  not  write  the  book.. 


Maps  of  the  United  States  Geological  Survey.  We 
have  received  from  Mr.  J.  W.  Powell,  Director  of  the  United 
States  Geological  Survey,  12  sheets  of  maps  representing  that 
part  of  the  State  of  New  York  and  a  part  of  Connecticut  ad- 
jacent to  the  Hudson  River.  These  maps  are  drawn  to  a  scale 
of  1-62.500.  or  a  little  more  than  an  inch  to  a  mile.  They  are 
approximately  17-J  X  13  in.  in  size,  so  that  each  map  represents 
an  area  of  about  227}  square  miles.  The  maps  are  drawn 
with  the  care  and  have  the  beauty  which  is  characteristic  of 
the  work  which  comes  from  this  department.  The  streams 
and  other  bodies  of  water  are  represented  by  blue  lines,  the 
topography  by  contour  lines  printed  in  brown  or  bronze-colored 
ink,  and  the  roads,  boundary  lines,  and  lettering  in  black. 
They  are  exquisite  examples  of  this  kind  of  work,  and  what 
is  of  more  importance,  their  correctness  is  authenticated  by 
the  United  States  Geological  Survey  and  the  State  Engineer 
and  Surveyor  of  New  York.  These  maps  are  made  by  the 
co-operation  of  the  Department  at  Washington  and  the  State 
of  New  York,  Congress  and  the  State  Legislature  having  each 
made  an  appropriation  to  meet  the  expense,  and  we  are  in- 
formed that  the  same  thing  has  been  done  in  the  States  of 
Connecticut  and  New  Jersey. 

Most  of  the  sheets  before  us  were  engraved  by  the  United 
States  Geological  Survey,  one  by  Evans  &  Bartle,  and  the 
others  by  Julius  Bien  it  Co.,  of  New  York.  All  the  maps 
were  made  under  the  authority  of  the  Director  of  tin-  United 
States  Geological  Survey.  J.  W.'PoweU,  Martin  Bchenck,  Chief 
Engineer  of  the  State  of  New  Yi.rk,  Henry  Gannett,  Chief 
Topographer,  H.  M.    Wilson,   Geographer,  "in  charge.     The 


topography  of  different  maps  was  by  Frank  Sutton,  J.  H. 
Jennings,  G.  L.  Johnson,  E.  B.  Clark,  J.  W.  Thorn,  Itobert 
Muktrow,  It.  D.  Cummin,  and  W.  M.  Beaman.  The  triangu- 
lation  was  from  the  United  States  Coast  and  Geodetic  Survey, 
New  Vork  State,  and  New  York  Aqueduct  Commissioners' 
Surveys. 


New  Atlas  of  the  State  of  New  York.  In  connection 
with  the  previous  notice  it  may  not  be  out  of  place  to  mention 
that  Messrs.  Julius  Bien  &  Co.  have  in  contemplation  the  pub- 
lication of  an  atlas  of  New  York,  which  will  fairly  represent 
the  greatest  State  in  the  Union,  which,  it  may  be  added,  no 
atlas  yet  published  has  ever  done.  We  had  the  privilege  of 
inspecting  some  of  the  advance  sheets  of  this  map,  and  think 
we  are  authorized  in  confirming  the  publishers'  statement  that 
it  will  be  the  most  complete  atlas  of  this  State  ever  published. 

It  will  contain  a  general  map  of  the  United  States,  showing 
State  boundaries,  principal  cities  and  towns,  river  systems, 
railroads,  etc.  A  general  map  of  the  State,  showing  county 
boundaries,  railroads,  canals,  and  all  important  cities  and 
towns  ;  also  the  new  proposed  State  Park  in  the  Adirondacks. 
A  temperature  map,  showing  mean  annual  temperature.  A 
rainfall  map,  showing  average  annual  rainfall.  A  population 
map,  showing  density  of  population.  A  hypsometric  map. 
showing  elevations.  Also  a  large  map  showing  original  land 
grants,  patents,  and  purchases  throughout  the  State.  These 
will  be  followed  by  detailed  maps  of  each  county  on  large 
scale,  showing  city  and  township  boundaries,  post-offices  and 
villages,  public  roads,  lakes,  rivers,  railroad  lines  and  stations, 
with  altitude  where  obtainable.  The  lot  lines  of  the  original 
land  patents  in  the  Stale  will  also  be  given  (where  obtainable), 
from  the  latest  authentic  data,  most  of  which  have  never 
before  been  published.  An  alphabetical  list  of  counties,  town- 
ships, cities  and  villages,  with  population  from  last  census, 
will  be  given,  and  all  railroad  stations,  telegraph,  express  and 
post-offices  will  be  appropriately  designated. 


"  The  Iron  Founder"  Supplement.  A  Complete  Illustrated 
Exposition  of  the  Art  of  Castimj  in  Iron.  Comprising  the 
Erection  and  Management  of  Cupolas,  Iteverberatory  Fur- 
Jnaces,  Blowers,  Dams,  Ladles,  etc.:  Mixing  Cast  Iron; 
Founding  of  Chilled  Car-Wheels  ;  Malleable  Iron  Castings  ; 
Foundry  Equipments  and  Appliances  ;  Gear  Molding  Ma- 
chines ;  Molding  .Machines  ;  Burning,  Chilling,  Softening, 
Annealing,  Pouring  and  Feeding  ;  Foundry  Materials  ;  Ad- 
vanced Molding  ;  .Measurement  of  Castings  ;  Wrought 
Iron,  Steel,  etc.  Also  the  Founding  of  Stations  :  the  Art 
of  taking  Casts  ;  Pattern  Molding  ;  Useful  Formulas  and 
Tables.  By  Simpson  Bolland,  Practical  Molder  and  Man- 
ager of  Foundries.  71  X  5  in.,  392  pp.  New  York  :  John 
Wiley  &  Sons. 

As  indicated  by  its  title,  this  book  is  a  supplement  to  the 
author's  earlier  book,  "The  Iron  Founder."  The  supple- 
ment begins  with  a  chapter  on  the  Evolution  of  the  Iron 
Founder's  Art,  which  is  followed  by  one  on  Blast  Blowers, 
which  gives  a  description  of  the  several  kinds  of  blowing  en- 
gines used  in  the  past,  as  well  as  some  of  those  in  use  at  the 
present  day.  Among  the  latter  the  Sturtevant.  the  Mackenzie, 
and  the  Root  blowers  are  illustrated  and  described.  The 
chapter  on  Mixing  Cast  Iron,  with  the  description  of  its  chemi- 
cal composition,  it  is  feared,  will  not  be  of  very  material  help 
to  practical  founders.  Underlying  the  descriptions  the  author 
seems  to  entertain  the  idea  that  mixing  iron  is  a  great  mystery, 
and  the  reader  is  left  in  doubt  whether  it  has  all  been  revealed 
to  him.  The  chapter  on  Foundry  Cupolas  is  very  clear,  but 
might  have  been  fuller.  A  defect  in  the  bcok  is  that  no  titles 
are  printed  with  the  engravings.  In  looking  through  a  book 
of  this  kind,  the  "  looker"  often  wants  to  know  what  a  given 
illustration  represents  without  reading  the  whole  description 
of  it.  Titles  to  engravings  are  a  great  help  in  doing  this.  In 
these  days  of  overmuch  literature,  the  number  of  people  who 
look  through  books  and  don't  read  them  is  much  larger  than 
those  who  do  read  them.  The  demands  of  the  former  class 
ought  to  be  regarded.  In  the  chapter  on  Reverberatory  or 
Air  Furnaces  their  characteristic  features  are  not  sufficiently 
explained.  A  little  elucidation  of  the  construction  and  opera- 
tion of  each  would  be  a  great  help  to  students  who  are  not 
practical  founders. 

The  subjects  treated  are  :  Casting  One"  Hundred  Tons  of 
lion,  showiug  the  construction  and  use  of  the  necessary  equip- 
ment for  pouring  heavy  eastings,  dams,  receivers,  air  furnaces, 
ladles,  with  table  of  capacity,  runners,  etc.;  Castings,  how  to 
obtain  their  measurement  and  secure  their  weights.  In  this 
latter  chapter  there  is  a  long  dissertation  on  arithmetic,  men- 
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suration,  tables  of  weights,  and  strength  of  different  materials 
which  ought  not  to  have  a  place  in  the  body  of  the  book.  If 
given  at  all.  it  ought  to  have  been  placed  in  an  appendix. 

A  chapter  on  Foundry  Appliances  includes  testing  machines, 
block  and  plale  methods  of  molding,  gear  molding  by  ma- 
chinery, and  a  description  of  some  modern  molding  machines. 
A  reviewer  cannot  help  but  see  what  an  excellent  chance  the 
author  missed  of  giving  a  sort  of  primer  on  the  strength  ef 
cast  iron,  how  to  test  it,  its  behavior  under  test,  and  the  influ- 
ences which  effect  its  strength.  The  engravings  in  this  chap- 
ter, especially  those  of  molding  machines,  are  very  bad,  and 
the  descriptions  of  them  inadequate.  Chains,  Beams,  Slings, 
Hooks,  Ropes,  etc..  Pouring,  Flowing-off,  and  Feeding  Cast- 
ings are  described  in  much  detail,  and  the  reader  will  be  richly 
repaid  for  the  time  given  to  this  part  of  the  book.  In  the  re- 
maining portion  of  it  the  following  subjects  are  discussed': 
Studs,  Chaplets  and  Anchors,  High  Class  Molding,  Sectional 
Molding  for  Heavy  Green  Sand  Work,  the  Founding  of  Statues 
in  Iron  and  Bronze.  This  last  chapter  contains  an  engraving 
of  a  statue  of  Venus  which  makes  one  doubl  whether  she  was 
the  goddess  of  beauty.  If  she  resembled  the  engraving,  she 
was  certainly  not  a  beautiful  goddess. 

The  author  gives  us  dissertations  on  the  art  of  Taking  Casts, 
Pattern  Modeling  in  Clay,  the  Making  of  Malleable  Iron  Cast- 
ings and  Chilled  Car- Wheels,  directions  how  lo  Repair  Broken 
and  Cracked  Castings,  and  ends  with  descriptions  of  the  quali- 
ties of  various  materials  used  in  foundry  work  and  various 
useful  receipts. 

The  book  has  the  merits  and  the  defects  of  literature  which 
is  produced  by  "  practical"  men.  It  is  full  of  information 
relating  to  the  difficulties  encountered  in  doing  foundry  work, 
but  in  other  directions,  as  has  been  indicated,  the  treatment  of 
the  subjects  is  inadequate.  On  the  whole,  it  may  be  highly 
recommended  to  those  who  want  information  concerning  the 
details  of  foundry  practice.  The  printing  and  paper  are  only 
"fair  to  middling;"  some  of  the  engravings  are  excellent, 
others  poor,  and  still  others  positively  bad. 


TRADE    CATALOGUES. 


Valentine  A  Co.  have  sent  us  a  pocket  memoranda  tablet 
with  calendar.  It  is  bound  in  leather  with  celluloid  covers, 
and  is  designed  in  the  admirable  stvle  which  characterizes  all 
the  advertising  devices  of  this  house. 


?  The  Link-Belt  Machinery  Company  have  issued  a  little 
pocket  edition  of  a  pamphlet  describing  the  Ewart  Friction 
Clutches  which  they  manufacture.  It  is  well  illustrated  with 
good  engravings  and  descriptions  of  the  clutch. 


United  States  Metallic  Packing  Company,  of  Philadel- 
phia. 51  pp.,  4^-  X  1  in.  Illustrated.  Describes  different 
kinds  of  packing  made  by  the  Company,  with  good  illustra- 
tions showing  sectional  views  of  it,  and  a  long  list — which 
occupies  40  pp.— of  users  of  it. 


The  Buckeye  Automatic  Car  Coupler  Company,  Colum- 
bus, O.  25  pp..  6  x  8}  in.  Illustrated.  Describes  coupler, 
shows  dimensions  and  gauges,  form  and  method  of  construc- 
tion, gives  specifications  of  tests,  describes  material  used  in 
manufacture,  and  gives  reports  and  illustrations  of  results 
under  Master  Car-Builders'  tests. 


BOOKS   RECEIVED. 


Bureau  of  the  American  Republics.  Bulletin  No.  61,  Uru- 
guay.    Washington,  D.  C. 

Electricity  up  to  Dale,  for' Light,  Power,  and  Traction.  By 
John  B.  Verity,  M.  Inst.  E.E.  New  York  :  Frederick  Warne 
A  Co. 

Eleventh  Annual  Report  of  the  Board  of  Railroael  Commis- 
sioners of  the  State  of  JVew  York  for  the  Tear  1893.  Volume  I. 
Albany. 

Seventh  Annual  Report  of  the  Interstate  Commerce  Commis- 
sion :  Dtcember  1,  1893.  Washington  :  Government  Printing 
Office. 

The  Electric  Transmission  of  Intelligence  and  other  Advanced 
Primers  of  Electricity.  By  Edwin  .1.  Houston.  A.M.  New 
York  :  The  W.  J.  Johnston  Company,  Limited.  ^ 


The  Cincinnati  Soulliem  Railway.  A  Study  in  Municipal 
Activity.  By  .1.  H.  Hollander,  Fellow  in  Economics,  Johns 
Hopkins  University.  A  memorial  of  Lucius  S.  Merriam, 
Ph.D.  (J.  IT.  U.).  (Johns  Hopkins  University  Studies  in  His- 
torical and  Political  Science.)  Baltimore  :  The  Johns  Hop- 
kins Press. 

The  Correspondence  School  of  Mechanics.  A  System  of  Home 
Study  in  Mechanics,  Geometrical  and  Mechanical  Drawing. 
This  is  a  pamphlet  of  56  pages  describing  the  methods  and 
course  of  instruction  in  this  school,  which  is  located  in  Scran- 
ton,  Pa.  Doubtless  there  are  many  students  who  are  unable 
to  go  to  a  technical  school  and  who  will  be  glad  to  avail  them- 
selves of  a  course  of  study  which  they  can  pursue  at  home. 
The  volume  before  us  will  give  them  information  about  the 
system  adopted  in  the  school  which  has  issued  this  publication. 

Fiber- Graphite  Bushings  for  Hangers,  Pillow -Blocks,  Loose 
Pulleys,  etc.  Requiring  no  oil.  The  Link  Belt  Machinery 
Company,  Chicago,  111. 

This  little  publication  describes  the  merits  of  fiber-graphite, 
of  which  it  is  said  "  that  by  its  use  line  shafting  and  journals 
of  like  kind  may  be  run  absolutely  without  the  use  of  oil  or 
other  applied  lubricant,  at  any  desired  speed  and  at  pressures 
up  to  50  lbs.  to  the  square  inch."  Of  such  bearings  the  pub- 
lishers say  that  "about  4,000  have  been  installed."  Fiber- 
graphite  is  described  as  "  simply  the  highest  grade  of  lubri- 
cating plumbago,  compounded  with  other  materials  in  such  a 
manner  as  to  produce  virtually  solid  graphite  linings." 

Many  readers  will  probably  read  what  is  said  in  this  publi- 
cation with  incredulity,  but  the  Company  issuing  it  are  not 
given  to  making  representations  which  the}7  cannot  substan- 
tiate. 


AN  EDITORIAL  PERPLEXITY. 


The  following  letter,  addressed  to  the  editor  of  this  paper, 
was  received  through  the  mail  a  short  time  ago  : 

Dear  Sire 

I  am  very  interesting  over  this  Problem  in  yours  Book  from 
the  January.  This  Problem  it  is  right  when  you  all  this  Ques- 
tions in  a  answer  and  in  a  Drawing  you  got  Part  I.  What  is 
the  circle  '  Part  II  Whe  you  make  a  straight  line  in  a  round 
line  and  a  round  bak  in  a  straight  line  Part  III  How  many 
Diameter  you  got  in  the  Elipse  or  oval  ?  Part  IV  Whe  you 
finishet  the  Diameter  out  from  the  Elipse  or  oval.  Please 
Mr  you  will  send  my  bak  on  answer  I  give  you  over  all  an 
answer  and  a  drawing. 

Yours  very  trully 

The  meaning  of  this  is  as  hard  to  make  out  as  the  explana- 
tions in  some  of  the  recent  technical  books. 


TENDER  FRAME,  PHILADELPHIA  &  READING 
RAILROAD. 


To  the  Editor  of  the  American   Engineer  and  Railroad 
Journal  : 

I  notice  in  the  December  number  of  your  Journal  an 
article  on  Philadelphia  &  Reading  iron  tender  frame,  which 
contains  some  errors  which  I  would  beg  leave  to  correct. 
First,  the  channels  are  not  butted  together  on  the  center  line, 
as  stated,  but  on  the  sides,  33i  in.  from  end.  This  is  done  for 
two  reasons.  The  frame  being  but  90  in.  wide  makes  the  end 
sill  or  bent  portion  comparatively  small,  and  therefore  much 
easier  and  cheaper  handled  in  smithshop  than  if  side  sills  were 
bent  at  ends,  as  per  your  statement.  All  our  old  iron  tenders 
had  channels  butted  in  center,  but  without  proper  bracing 
this  became  an  element  of  weakness,  and  in  repairing,  instead 
of  just  putting  in  patches,  we  put  in  whole  new  ends  and 
spliced  same  to  sides  with  splice  plates  from  2  to  3  ft.  from 
ends,  as  shown  on  engraving,  and  have  had  no  trouble  with 
this  construction.  We  therefore  adopted  this  in  preference  to 
the  old  construction  on  the  new  frame.  This  splice  is  also 
at  a  part  of  the  frame  which  is  not  subjected  to  heavy  trans- 
verse loads,  as  it  is  at  or  near  the  extremity  of  tank.  In  ten- 
sion this  splice  possesses  strength  equal  to  other  parts  of  frame. 

The  body  bolster  is  composed  of  three  pieces,  tin"  tension 
members  being  \  in.  X  6  in.,  and  the  compression  1  in.  x  15 
in.  The  tension  members  being  Hanged  at  end  are  made  in 
two  pieces  for  convenience  in  smithshop.     The  compression 
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member,  not  requiring  such  difficult  bending,  is  left  in  one 
piece. 

You  take  us  to  task  for  the  scanty  diagonal  bracing.  I 
would  beg  leave  to  state  that  we  have  frames  in  service  with 
bracing  which  is  inferior  to  this,  and  we  have  no  trouble. 
Furthermore,  there  is  space  allowed  for  a  water  scoop  and 
necessary  mechanism.  If  you  examine  into  detail,  you  will 
also  fiud  that  if  bracing  were  extended  it  would  be  impossible 
to  get  it  either  in  or  out  without  tearing  frame  apart. 

The  old  design  of  frames  called  for  a  number  of  holes 
through  flanges  of  channels,  and  particularly  was  this  the 
case  where  the  bolsters  crossed  the  sills.  The  consequence 
v\;is  that  the  sills  would  bend  through  these  holes,  for  the  very- 
life  of  the  metal  was  cut  away.  In  the  new  design  you  will 
not  find  one  hole  in  the  flanges,  except  at  such  places  where 
the  channel  is  not  subjected  to  an  upward  or  downward 
thrust,  or  near  the  ends  of  the  channels,  where  the  strength  is 
excessive. 

When  the  channels  are  subjected  to  a  load,  you  will  invari- 
ably find  the  holes  at  or  near  the  neutral  axis  of  the  beam. 
To  accomplish  this  it  became  necessary  to  make  some  parts 
somewhat  expensive.  Notice  the  construction  where  the 
bolsters  are  fastened  to  center  sills.  The  channels  rest  on 
projections  from  a  cast-iron  box  or  filling  piece,  to  which  they 
are  bolted  through  the  neutral  axis.  The  bolsters  are  also 
bolted  to  this  box,  which  extends  i  in.  above  channels,  thereby 
taking  away  all  possibility  of  bolsters  and  channels  chafing 
on  each  other  and  cutting  away  the  best  metal  if  they  should 
become  loose. 

At  the  front  end  it  was  possible  to  get  in  only  one  stiffening 
plate  i  in.  thick.  At  the  back  end  there  are  two,  one  top  and 
one  bottom.  The  brackets  for  bumper-blocks  are  bolted 
direct  to  the  under  plate.  The  bracket  for  back  pulling  cast- 
ing is  also  bolted  to  same  plate.  In  addition  to  the  stiffening 
plates  at  back  end  there  is  also  a  filling  casting  between  plates 
and  between  center  sills,  to  which  casting  the  plates  and  sills 
are  bolted,  thereby  making  a  solid  construction  at  back  end. 

These  plates,  both  back  and  front,  take  the  anchor-bolts 
which  hold  tank  in  position.  The  floor  (not  shown  on  draw- 
ing) is  bolted  to  strips  which  are  on  inside  of  center  sills  and 
on  outside  of  side  sills,  but  which  are  not  bolted  to  sills.  It 
would,  therefore,  be  possible  after  raising  tank  to  take  floor 
off  in  one  piece.  We  deem  the  weight  of  tank  and  strips  suffi- 
cient to  keep  floor  from  shifting  in  all  ordinary  service,  and  in 
case  of  a  wreck  its  construction  does  not  matter  much. 

Heading,  Pa.  E.  L.  Moser,  M.  E. 


MODERN  LOCOMOTIVES. 


To  the  Editor  of  Tue  American  Engineer  and  Railroad 
Journal,  : 

The  Midland  Railway  Company  at  Derby  Works  has  just 
turned  out  a  new  express  engine,  No.  179,  designed  by  Mr. 
S.  W.  Johnson,  being  the  first  of  an  order  of  10  having  sev- 
eral new  features.  Like  the  former  engines  of  the  class,  it 
has  a  leading  bogie  and  single  driving-wheels  of  7  ft.  6  in. 
diameter.  The  cylinders  of  the  179  class  are  19  in.  x  26  in., 
and  inclined  downward  to  the  driving-axle.  The  valves  are 
of  the  piston  pattern  worked  by  link-motion,  and  placed  below 
the  cylinders  and  inclined  upward  to  the  driving-axle.  The 
boiler  pressure  is  160  lbs.  per  square  inch. 

No.  179  has  been  tried  a  few  trips  before  being  painted,  and 
has  given  some  wonderfully  good  results. 

There  seems  every  reason  to  believe  that  piston-valves  placed 
under  the  cylinders  will  be  a  striking  improvement,  the  very 
fact  that  they  drain  the  cylinders  of  water  is  of  the  highest 
importance  in  practice.  Clement  E.  Stretton,  C.E. 

Leicester,  December  20,  1893. 


THE  INDUSTRIES  OF  CHEMNITZ. 


To  the  Editor  of  The  American  Engineer  and  Railroad 
Journal : 

Somebody  was  good  enough  to  give  me  a  marked  copy  of 
your  very  interesting  magazine,  The  American  Engineer 
and  Railroad  Journal.  I  read  its  contents,  and  cannot  help 
complimenting  you  on  style,  stuff,  and  make-up.  The  articles, 
besides  being  well  written,  are  nicely,  neatly,  and  intelligently 
illustrated,  the  matter  is  of  current  interest,  treated  broadly 
enough  for  the  layman,  and  detailedly  enough  for  the  tech- 
nician ;  the  magazine  is  a  very  convenient  size,  well  printed 
and  bound.  I  cannot  comment  on  these  things  without  com- 
plimenting their  author.  Merited  praise  is  the  hard  worker's 
and  just  man's  due.      Intelligent  men  cannot  be   flattered. 


What  I  want  to  say  here  is  that  Chemnitz,  this  far  inland 
Saxon  city,  the  Manchester  and  Nottingham  of  Germany, 
illustrates  as  much  as  any  city  in  the  empire  the  striving,  get- 
there  spirit  of  the  modern  German. 

In  1834 — 60  years  ago — Chemnitz  counted  within  her  gates 
21,137  people  ;  to-day  she  has  150,000  :  1834,  21,000  ;  1840, 
23,500  ;  1846,  29,000  ;  1852,  34,000  ;  1858,  40,500  ;  1864,  55,000  ; 
1871,  68,000  ;  1875,  78,000  ;  1880,  95,000  ;  1885,  110,000  ;  1890, 
138,950  ;  1894,  150,000. 

Chemnitz  counts  in  the  world's  markets  as  Germany's  textile 
center.  Here  is  the  home  of  hosiery  and  underwear.  Last 
year  (1892)  there  came  into  Chemnitz  13,668,951  lbs.  of  raw 
cotton,  9,231,439  lbs.  of  cotton  yarn.  There  was  sent  out 
1,612,778  lbs.  raw  cotton.  5,231,644  cotton  yarn,  and  16,056,- 
962  cotton  and  woolen  goods. 

Back  in  the  forties  Chemnitz  began  the  manufacture  of 
machines.  During  the  decade  that  went  out  with  1850  she 
could  count  only  833  persons  in  her  machine  shops.  One 
concern  alone  until  quite  recently  employed  5,000,  and  to-day, 
in  spite  of  dull  times,  has  on  its  active  pay  rolls  3,500.  One 
Company,  the  Saxon  Loom  Company,  has  sent  out  its  50,000th 
loom,  and  employs  (a.d.  1893)  1,000  persons.  Last  year  there 
was  brought  into  the  city  35,022,847  lbs.  of  raw  Iron  ;  there 
was  sent  out  machines  and  parts  of  machines,  48,501,000  lbs. 

The  companies  that  counted  themselves  fortunate  in  1851 
with  $1,000,000  worth  of  work  turned  off,  ran  up  a  record  last 
year  of  $7,500,000.  In  1851,  $750,000  meas-ired  the  amount 
in  textiles  ;  last  year  and  for  several  years  past  it  has  been 
above  $17,000,000. 

Today  (a.d.  December  20,  1893)  started  the  narrow-gauge 
trolley  electric  cars.  Last  year  the  company  carried  in  horse- 
cars  1,500,000  persons,  pocketing  $40,000.  The  local  banks 
turned  over  $234,069,835,  one  bank  alone  doing  a  business  of 
more  than  $28,084,000.  How  was  it  possible  to  do  all  this 
and  the  "  much  more"  that  goes  with  it,  but  not  interesting 
enough  to  take  up  your  valuable  space?  First  of  all,  because 
of  energy,  activity,  enterprise,  and  intelligently  directed  ad- 
vertising. One  firm  jumped  from  230  hands  in  1885  to  736  in 
1888,  from  thousands  to  millions.  How?  By  going  to  a  place 
or  country  called  the  United  States  of  America,  lying  in  latitudes 
between  Mexico's  Gulf  and  our  great  lakes,  and  between 
longitudes  west  and  east  running  through  Cape  Cod  and  the 
Golden  Gate,  and  not  only  telling  the  people  about  his  wares, 
but  by  getting  American  papers— for  pay,  of  course — to  "  push 
them."  By  combining  chemistry  with  practical  workman- 
ship, by  putting  the  theorist,  the  scientist  side  by  side  with 
his  trained  workmen  to  watch  every  change.  ;He  got  the 
secrets  wanted,  worked  them  up,  and  conquered.  It  is  a  com- 
bination that  gives  Germany  her  successes.  Her  schools, 
especially  her  real  gymnasiums,  the  technical,  industrial,  and 
industrial  art  schools  are  doing  it. 

In  business  schools  we  beat  the  world,  but  in  building  up 
captains  of  industry,  the  man  to  make  science  the^handmaid  of 
inventive  genius,  to  rob  Nature,  where  no  necessity  demands, 
of  her  richest  secrets,  Europe  leads.  France,  Switzerland,  Ger- 
many, Scandinavia,  Russia  are  ahead. 

Get  these  schools  for  us,  give  them  to  Yankee  genius,  and 
the  end  will  more  than  justify  effort  and  expenditure.  Out 
of  these  cities  are  sent  trained  men  year  after  year.  They  go 
by  rail,  boat,  or  caravan  into  remote  and  near  countries,  they 
carry  their  country  with  them,  they  come  back  bringing  orders 
or  send  them.  These  orders,  no  matter  how  small  or  large, 
are  filled.  Colors  that  cannot  be  obtained  elsewhere  the  Ger- 
man plods  till  they  are  obtained.  He  may  not  be  brilliant  as  his 
French  rival,  or  inventive  as  our  Englishman,  but,  better  than 
both,  he  knows  how  to  take  up,  persevere,  carry  out  and  com- 
bine. To  tireless  energy  he  unites  a  plodding  perseverance, 
sure  in  time  to  bring  their  rewards. 

J.  C.  Monaghan, 

Consul. 

Chemnitz,  December  21,  1893. 


THE  RAILWAY  SIGNAL  QUESTION. 


Editor  of  the  American  Engineer  and  Railroad  Journax,  : 
The  increasing  number  of  serious  collisions  between  rail- 
way trains  has  for  some  time  elicited  unfavorable  comment 
respecting  the  management  of  our  railways.  It  has  been 
pointed  out  that  in  nearly  every  case  the  signaling  apparatus 
was  wretchedly  primitive,  or  else  that  no  signaling  was  used. 
Now,  in  point  of  fact,  the  science  and  art  of  railway  signal- 
ing have  been  developed  to  a  remarkable  extent  during  the 
last  twenty  years.  The  English  railways,  being  those  which 
earliest  saw  large  and  congested  traffic  conditions,  with  ever- 
increasing  demand  for  greater  speed,  have  naturally  borne  the 
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brunt  of  practical  experience  in  the  signal  field,  and  conse- 
quently American  railway  managers  have  not  so  soon  become 
aware  of  the  importance  of  this  branch  of  the  service. 

The  recent  disasters  have  to  a  certain  extent  awakened  a  few 
managers  to  the  increasing  ratio  of  danger  in  proportion  to 
the  ever-increasing  number  and  speed  of  trains,  but  in  all  prob- 
ability no  very  general  introduction  of  proper  signal  appli- 
ances will  take  place  until  the  Government  is  compelled  to 
exercise  some  kind  of  supervision  of  railroads  to  guard  against 
the  recurrence  of  such  cycles  of  disasters,  which  will  surely 
come  in  future  if  some  such  precautions  are  not  taken. 

Collisions  between  railway  trains  may  be  divided  into  three 
classes — viz.  :  1.  Rear  end,  or  those  which  are  caused  by  one 
train  overtaking  another  occupying  the  same  pair  of  rails. 
2.  Butting,  or  those  caused  by  mistaken  understanding  as 
regards  right  of  way  in  single  track  working.  3.  Those 
caused  by  the  wrong  placement  of  switches,  or  the  confliction 
of  signals  at  junctions  or  grade  crossings.  It  is  generally 
conceded  that  the  best  way  to  guard  against  rear-end  colli- 
sions is  by  the  adoption  of  the  block  system.  The  managers 
of  some  roads  have  apparently  understood  this  to  mean  simply 
the  division  of  track  into  block  sections  of  suitable  length, 
and  the  employment  of  men  at  the  block  stations  in  telegraph- 
ic communication  with  each  other. 

Discipline  and  the  use  of  properly  constructed  block-signal- 
ing instruments,  operated  under  carefully  formulated  rules  and 
regulations,  have  played  quite  a  third-rate  part.  The  compara- 
tive efficiency  of  the  block  system  installed  in  this  way,  instead 
of  as  experience  would  dictate,  may  be  illustrated  by  troops 
armed  with  gas-pipes,  instead  of  rifle  barrels.  It  is  necessary 
to  provide  two  safeguards  for  the  aid  of  the  signalman  in  the 
performance  of  his  duty — viz.  :  1.  A  carefully  constructed  block 
signaling  mechanism  ;  2.  A  carefully  prepared  set  of  rules  and 
regulations  dealing  with  the  numerous  contingencies  of  traffic, 
for  the  governance  of  all  concerned  with  the  safety  of  the  line. 

The  New  York  Central  and  the  New  York,  New  Haven  & 
Hartford  railroads  have  recently  equiped  the  most  important 
parts  of  their  lines  with  signaling,  which  in  general,  but  not 
in  detail,  may  be  said  to  represent  the  crystalized  result  of  all 
technical  experience  since  railways  were  commenced. 

The  mere  equipment  of  a  railway  with  good  signaling  ap- 
pliances is,  as  aforesaid,  only  half  the  battle,  and  it  yet  remains 
for  our  best  railways  to  formulate  proper  and  sufficient  rules 
and  regulations  suitable  to  the  divers  contingencies  arising 
from  time  to  time  in  the  movement  of  trains. 

It  was  with  a  glimpse  of  this  need  in  view  that  the  Ameri- 
can Railway  Association  recently  appointed  a  committee  to 
investigate  the  block  signaling  at  present  in  use  in  this  country, 
and  to  draw  up  a  set  of  standard  rules.  Their  attention  is 
drawn  to  the  fact  that  a  very  good  basis  for  their  work  may 
be  found  in  the  rules  drawn  up  by  the  Railway  Clearing  House 
of  Great  Britain. 

Where  but  one  track  exists,  necessitating  the  use  of  the  rails 
in  both  directions,  a  most  serious  condition  faces  us — viz.,  the 
danger  of  a  butting  collision,  through  mistake  as  to  right 
of  track.  The  safeguard  at  present  in  use  in  this  country 
depends  entirely  upon  the  proper  transmission  and  understand- 
ing of  telegraphic  messages,  sent  to  the  crews  of  those  trains 
which  are  to  pass  each  other  at  passing  sidings  other  than  those 
indicated  by  the  time  schedule. 

It  is  needless  to  point  out  that  mistakes  often  occur  in  this 
message  system,  resulting  seriously  in  almost  every  case.  This 
grave  danger  appears  to  have  been  at  last  overcome  by  the 
aid  of  mechanism,  molded  to  form  by  railway  men  of  experience. 

The  new  safeguard  is  known  as  the  Interlocking  Train 
Staff  System.  Each  section  of  single  track  between  two 
passing  sidings  is  provided  with  two  staff  machines,  one  at 
each  end.  These  machines  contain  a  number  of  metallic  staffs, 
and  are  electrically  interlocked  through  the  medium  of  line 
wires.  No  train  or  engine  is  allowed  to  proceed  on  any  piece 
of  single  track  until  the  engineman  has  received  a  staff.  The 
issue  of  a  staff  from  the  machine  is  under  the  electrical  control 
of  the  signalman  at  the  remote  passing  siding,  and  the  issue  of 
more  than  one  staff  from  any  pair  of  machines  at  one  and  the 
same  time  is  mechanically  prevented. 

The  issue  of  a  second  staff  for  another  train  proceeding  in 
either  direction  is  dependent  upon  the  rehousing  of  the  free 
staff  in  one  of  the  machines  appertaining  to  that  section  of 
single  track.  It  will  be  clear  that  as  only  one  train  staff  can 
be  out,  therefore  only  one  train  can  occupy  any  section  of  sin- 
gle track  at  one  and  the  same  time.  It  may  be  pointed  out 
that  this  is  simply  a  form  of  block  working.  Staffs  are  em- 
ployed instead  of  or  in  addition  to  the  line  signals,  because 
the  authority  t»  proceed  does  not  depend  on  sight,  but  is  tangi- 
ble, in  the  form  of  a  staff.  Experienced  men  consider  this 
extra  precaution  very  advisable,  on  account  of  the  dangers 
peculiar  to  single-track  operation. 


^This  brings  us  to  a  consideration  of  the  means  employed  to 
guard  against  collisions  at  junctions  or  other  points  where 
switches  occur  and  trains  are  required  to  cross  the  path  of 
others  at  various  speeds. 

The  interlocking  system  is  invariably  employed  in  such  cases. 
This  system  consists  of  the  concentration  at  a  central  point  of 
all  the  signal  and  switch-operating  levers  of  any  system  of 
switches.  These  levers  are  so  interlocked  with  each  other,  by 
means  of  mechanical  appliances,  as  to  make  the  setting  of  con- 
flicting switches  and  signals  mechanically  impossible.  In 
addition  to  this  all  the  facing  switches  are  provided  with  a 
device  known  as  a  detector  bar,  which  prevents  the  signalman 
from  throwing  the  switch  under  a  train  and  thus  causing  what 
is  known  as  a  "  split." 

When  the  block  system  is  in  use  these  interlocking  plants 
are  necessarily  combined  with  the  block  working,  and  in  fact 
become  the  most  important  block  stations.  All  switching 
operations  on  the  main  tracks  are  thus  carried  on  strictly  under 
the  block  rules.  A.  H.  Johnson. 


THE  LOCOMOTIVE  PROBLEM. 


(Correction  relating  to  the  last  solution.) 


BV   RENE   DE   SAUSSUKE,  C.E.,  ROANOKE,  VA. 


[The  following  paper  is  proffered  by  Mr.  de  Saussure  as  a 
correction  to  the  solution  given  in  our  Jauuary  issue.  As  the 
subject  has  now  been  most  fully  treated,  we  deem  it  advisable 
to  close  the  discussion  with  this  publication. — Ed.] 

So  many  different  solutions  of  this  problem  have  been  al- 
ready published  in  the  American  Engineer  (and  the  problem 
having  of  course  only  one  correct  solution),  it  is  high  time 
to  settle  this  question  and  to  proclaim  which  one  of  the  solu- 
tions is  correct. 

I  attempted  in  the  last  issue  (January,  1894)  to  give  a  purely 
geometrical  solution,  employing  the  usual  methods  of  the 
cinematical  geometry  ;  this  demonstration  is  correct,  but  I 
must  confess  that  the  conclusion  I  made  then  was  wrong  :  in 
other  words,  it  is  true  enough  that  if  the  connecting-rod  A  B 
is  produced  until  it  meets  at  C  the  vertical  line  drawn  through 
the  center  0,  the  speed  of  the  piston  is  at  any  time  proportional 
to  the  length  0  C,  so  that  the  maximum  speed  of  the  piston  is 
attained  when  0  0  is  maximum.  But  I  was  not  right  in  say- 
ing that  0  C  is  evidently  maximum  when  the  connecting-rod 
is  at  right  angle  with  the  crank-pin  radius,  and  I  want  to 
correct  this  part  of  the  solution. 

As  the  correct  part  of  my  last  demonstration  was  purely 
geometrical,  I  propose  to  use  only  geometrical  reasonments  all 
the  way  through — that  is,  to  find  geometrically  when  the 
maximum  of  0  C  occurs. 


I  have  shown  already  that  during  an  element  of  time,  d  t, 
the  connecting-rod  rotates  around  the  virtual  center  S.  KG' 
is  the  position  of  C  after  the  time  d  t,  and  if  we  trace  a  circle 
passing  through  G',  taking  5  as  a  center,  this  circle  cuts  the 
connecting-rod  A  C  at  a  certain  point  D,  and  D  is  the  place 
where  G'  was  before  the  element  of  time  d  t  had  elapsed. 

Reciprocally,  if  we  knew  the  position  of  D  we  could  obtain 
the  next  position  of  C  by  tracing  a  circle  through  D  (5  being 
the  center)  and  taking  its  intersection  with  the  vertical  line 
0  C.    Now,  when  the  angle  S  C  A  is  less  than  90°  (as  shown 
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in  the  figure),  the  point  G' ,  thus  obtained,  will  be  above  C ; 
and  whin  the  angle  8  CA  is  more  than  90°,  the  point  G'  thus 
obtained  will  be  below  C. 

But  the  maximum  of  0  C  will  be  attained  when  the  next 
position  of  C  will  be  neither  above  nor  below  C  (the  maximum 
corresponding  to  a  stationary  position  of  G  during  the  time 
ill).  In  order  to  fulfill  this  condition,  the  line  5  Cmust  be 
exactly  at  right  angle  with  the  connecting-rod  A  C. 

The  problem  is  now  completely  solved  by  a  purely  geometri- 
cal method,  and  I  "ill  announce  it  as  follows  : 

"  The  maximum  and  minimum  speed  of  the  piston  happenfor 
the  too  positions  of  tlie  connecting  rod,  in  which  this  connecting- 
rod  it  lit  right  angle  with  the  virtual  line  S  ft"  This  is,  I 
think,  the  first  complete  and  correct  geometrical  solution  of 
the  problem. 

This  solution  contradicts  of  course  the  one  I  published  in  the 
last  issue,  on  account  of  the  mistake  made  in  the  latter  as 
above  mentioned.  I  thought  then  that  the  maximum  speed  of 
the  piston  was  attained  when  the  connecting-rod  was  at  right 
angle  with  the  crank-pin  radius  :  on  the  contrary,  the  connect- 
ing rod  must  be  at  right  angle  with  the  line  8  G,  and  this  con- 
dition prevents  it  to  be  also  at  right  angle  with  the  crank-pin 
radius  0  B,  because  0  B  and  8  C  meet  at  point  S,  and  therefore 
are  not  parallel. 

I  retract,  then,  all  I  have  said  concerning  the  prior  analytical 
solution  given  by  Mr.  C.  H.  Lindenberger  (in  April,  1893), 
and  apologize  to  him  for  having  said  that  his  solution  was  not 
right.  On  the  contrary,  the  geometrical  solution  as  given 
here  confirms  the  resultobtained  by  Mr.  Lindenberger  analyti- 
cally, that  the  maximum  speed  of  the  piston  does  uot  corre- 
spond to  the  position  where  the  connecting-rod  is  at  right 
angle  with  the  crank-pin  radius,  but  is  very  near  it  (this  is 
shown  by  the  fact  that  when  the  connecting-rod  is  at  right 
angle  with  8  G,  8  B  is  very  near  S  C,  the  point  S  being  very 
far). 

I  will  say  further  that  the  solutions  given  prior  to  .the  one 
of  Mr.  Lindenberger  are  not  correct  ;  such  is  the  case  of  the 
solutions  given  by  W.  II.  Trethewey,  Stratford,  Ont.  (July, 
1892);  Edward  Walker,  New  York  (August.  1892);  Professor 
P.  A.  Weihe,  Delaware  College  (January,  1893),  and  myself 
(January,  1894).  who  assumed  that  the  piston  has  a  maximum 
speed  when  the  connecting-rod  is  at  right  angle  with  the  crank- 
pin  radius.  I  do  not  speak  of  the  solutions  assuming  that  this 
maximum  occurs  at  the  highest  and  lowest  point  of  the  crank- 
pin  circle,  as  no  scientific  methods  could  lead  to  such  a  result. 

Only  two  solutions  published  so  far  were  correct,  the  one  of 
Mr  Lindenberger  and  the  one  of  T.  B.  Leeper.  Lafayette  Col- 
lege, Easton,  Pa.  (July,  1892).  I  must  say  I  did  not  have  time 
to  go  over  the  calculations  of  Mr.  Leeper,  but  anyway  his 
method  is  able  to  lead  to  a  correct  solution.  But  these  two 
solutions  are  analytical,  and  require  a  pretty  long  demonstra- 
tion ;  besides,  they  do  not  give  any  geometrical  or  analytical 
condition  defining  the  position  of  the  maximum  in  a  general 
manner.  They  have  to  assume  that  the  length  of  the  connect- 
iug-rod  and  the  radius  of  the  crank-pin  are  given  numerically, 
and  so  give  only  the  solution  for  the  case  corresponding  to 
these  numerical  data. 

As  I  -  iid  above,  the  geometrical  condition  defining  the  maxi- 
mum and  minimum  speeed  of  the  piston  is  that  the  angle  S  C  A 
be  a  right  angle,  and  this  condition  applies  to  any  size  of  the 
connecting-rod  and  of  the  crank-pin  radius. 


NOTES   AND    NEWS. 


New  Battleships  for  England. — In  a  recent  Admiralty  re- 
port it  is  announced  that  10  battleships,  already  provided  for 
under  the  Naval  Defense  Act,  will  be  completed  early  in  1894. 

Fast  Torpedo  Boat.— At  atrial  of  Yarrow's  new  torpedo 
boat  Ha/oock,  made  near  Gravesend  early  in  December,  the 
marvelous  average  speed  of  30  miles  an  hour  was  obtained  on 
a  run  of  100  miles. 

The  First  Balloon  Ascension  in  the  United  States.— The 
Herkimer,  N.  Y.,  Democrat  is  authority  for  the  statement  that 
the  first  balloon  ascension  in  the  United  Suites  was  made  by 
Messrs.  Rittenhouse  and  Hopkins,  of  Philadelphia,  some  time 
in  the  year  lri83,  about  110  years  ago. 

A  100-lb.  Rail  on  the  Consolidated  Road.— It  is  reported 
from  New  Haven  that  the  work  of  relaying  the  tracks  of  the 
New  York,  New  Haven  &  Hartford  Road  with  100  lb.  steel 
rails  has  been  completed  between  that  city  and  Springfield. 

An  Omission. — The  photographs  of  the  United  States  cruiser 
Si  w  York,  which  were  illustrated  by  half-tone  engravings  in 
our  last  issue,  were  taken  by  William  H  Rau,  of  1,324  Chest- 
nut Street,  Philadelphia,  Pa.  Owing  to  an  oversight  credit 
for  the  same  was  neglected  at  the  time  of  publication. 


Aluminum  for  Gas-holders. — Experiments  have  been  made 
by  MM.  Qoutes  and  Sibillot  with  the  view  of  adopting  alumi- 
num as  the  material  for  the  gas-holders  of  dirigible  balloons, 
instead  of  silk  or  other  stuffs,  and  the  results  of  their  experi- 
ments have  been  satisfactory. 

Aluminium  in  Place  of  Tin.— In  an  article  in  the  Revue 
Scientifique,  M.  L.  de  Djeri  claims  that  aluminium  will  soon 
replace  tin  for  many  purposes.  For  equal  volumes  the  price 
of  the  two  metals  is  not  very  different,  and  the  alloys  of  alu- 
minium with  copper,  etc.,  are  superior  to  those  of  tin. 

Ships  for  the  Manchester  Canal.— The  ships  which  will 
hereafter  be  built  for  use  on  the  Manchester  Canal  are  to  have 
telescopic  masts.  The  lower  masts  are  of  hollow  steel,  and 
the  topmasts  will  be  of  wood  and  lowered  into  the  former 
when  the  ship  passes  bridges. 

New  Process  of  Rain- Making. — A  new  process  of  rain- 
making  was  recently  brought  before  the  Academie  des  Sci- 
ences, Paris,  by  M.  Baudoin.  His  theory  is  that  electricity 
maintains  the  water  in  the  clouds  in  a  state  of  small  drops, 
and  if  the  electricity  be  discharged  the  water  will  come  down. 

Irrigation  of  the  Mojave  Desert — The  great  project  of  irri- 
gating the  Mojave  Desert  by  means  of  a  mammoth  dam  to  be 
built  at  Victor  Narrows,  on  the  line  of  the  Southern  California 
Railroad,  appears  to  be  an  assured  fact.  Documents  for  the 
formation  of  a  company  have  been  completed  and  signed. 

Italian  Petroleum.  —  Attention  has  recently  been  called  to 
the  finding  of  sources  of  petroleum  in  Italy  at  Emilia,  in  the 
province  of  Chieti.  The  light  given  by  it  is  of  a  clear  opal 
color  ;  50  to  60  per  cent,  of  the  burning  oil  and  40  per  cent, 
of  benzine  are  obtained  from  it. 

Pocket  Telephone.— The  policemen  at  Newcastle,  Eng., 
are  said  to  have  been  equipped  with  pocket  telephones  with  a 
foot  or  two  of  wire  attached.  By  means  of  these  instruments 
they  can  communicate  with  the  fire  brigade  through  the  fire 
signal  boxes  without  breaking  the  glass  doors  of  the  same. 

Aluminum  Bullets.— Some  experiments  have  recently  been 
made  for  the  purpose  of  developing  an  aluminum  bullet,  to 
be  used  in  place  of  lead  in  rifle  cartridges.  It  is  calculated 
that  a  soldier  can  carry  about  200  rounds.  In  testing  the 
penetrating  properties,  it  is  said  that  the}'  have  been  found  to 
be  superior  to  lead. 

Benzine  Wagon. — A  four-wheeled  wagon  whose  motive 
power  is  supplied  by  a  benzine  engine  has  been  satisfactorily 
tested  in  Germany.  It  is  intended  to  carry  passengers  through 
city  streets  or  country  roads,  and  can  be  run  at  the  rate  of  half 
a  cent  a  mile.  The  wagon  and  engine  can  be  made  for  $500. 
The  speed  is  as  high  as  15  miles  an  hour. 

A  New  Gun.  —  M.  Turpin,  who  is  well  known  as  a  discov- 
erer of  the  explosive  melinite,  has  invented  a  new  gun  which 
is  said  to  be  very  effective.  Four  charges  can  be  fired  from  it 
in  15  minutes.  These  charges  contain  25,000  projectiles,  which 
are  scattered  over  an  area  of  236,808  sq.  ft.  at  a  distance  of 
11,483  ft. 

Longest  Railway  Tangent  in  the  World. — The  longest 
reach  of  railway  without  a  curve  is  claimed  by  travelers  to  be 
that  of  the  new  Argentine  Pacific  Railway,  from  Buenos 
Ayres  to  the  foot  of  the  Andes.  For  211  miles  it  is  without 
a  curve,  and  has  no  cutting  or  embankment  deeper  than  2  or 
3  ft. 

A  Castle  in  the  Air. — A  Belgian  engineer,  Tobyanski,  has 
evolved  a  project  for  an  aerial  castle  for  the  Antwerp  Exhibi- 
tion. It  is  to  be,  judging  from  the  illustrations  published,  an 
immense  composite  balloon  consisting  of  six  parts,  which  are 
to  be  held  captive  at  a  height  of  1,600  ft.  It  is  to  be  reached 
by  elevators,  and  to  have  a  cafe,  observatories,  etc. 

India's  Telegraph  Service.— The  report  has  been  published 
that  a  great  advance  has  been  made  in  duplex  telegraphy  by 
an  invention  of  one  of  the  members  of  the  Indian  telegraph 
staff.  It  is  said  that  duplex  messages  were  recently  trans- 
mitted without  repeaters  for  a  distance  of  2,100  miles  from 
Calcutta  to  Madras.     The  wire  used  was  of  copper. 

Photographing  Projectiles  in  Transit. — Professor  Fritch, 
of  Berlin,  has  succeeded  in  photographing  projectiles  in  tran- 
sit. He  exhibited  at  a  recent  lecture  photographs  showing 
the  air  waves  caused  by  the  missiles,  which  formed  a  legible 
record  of  the  velocity  with  which  they  traveled.  The  appa- 
ratus is  said  to  be  the  invention  of  a  boy  named  Vernon,  of 
Edinburgh,  Scotland. 

A  New  Insulating  Material. — The  great  electrical  manu- 
facturing concern  of  Berlin  has  introduced  a  new  insulating 
material  which  is  intended  to  replace  rubber  and  vulcanized 
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fiber.  It  can,  it  is  claimed,  be  turned,  filed,  and  drilled  more 
easily  than  hard  rubber  ;  fine  screw-threads  can  be  cut  on  it. 
and  it  can  be  polished.  It  does  not  attack  metals,  and  can  be 
used  in  place  of  marble  and  slate  for  switchboards.  It  resists 
a  temperature  of  450°  F.,  and  is  unattacked  by  hydrochloric 
or  dilute  sulphuric  acid. 

First  Test  of  the  Air-pump. — The  first  public  test  of  the 
air-pump  was  made  in  1834  by  its  inventor.  Otto  von  Guericke, 
in  the  presence  of  Emperor  Ferdinand  of  Germany.  Guericke 
applied  the  carefully  ground  edges  of  two  metallic  hemi- 
spheres, 2  ft.  in  diameter,  to  each  other.  After  exhausting  the 
air  by  his  apparatus  he  attached  15  horses  to  each  hemisphere. 
In  vain  did  they  attempt  to  separate  them  because  ol  the  enor- 
mous pressure  of  the  atmosphere.  The  experiment  was  a 
great  success. 

Hungarian  Railway  Tickets. — The  railway  marks  invented 
by  tin-  Hungarian  Minister  Lukais  will  shortly  be  adopted  on 
ail  Hungarian  railways.  For  the  future  no  traveler  on  Hun- 
garian railways  will  be  troubled  to  stand  waiting  at  the  ticket 
office  for  his  ticket.  He  will  be  in  a  position  to  make  out  his 
ticket  for  himself.  On  a  blank  card  he  will  write  the  name  of 
the  station  from  which  he  takes  his  departure,  and  that  of  the 
station  he  means  to  go  to,  and  he  will  stick  on  to  the  remaining 
empty  space  on  the  card  as  many  "railway  marks"  as  his 
journey  will  cost.  The  blank  cards  will  be  obtainable  at  all 
tobacco  shops. — London  Daily  y.  ,-.. 

Hand  hole  Cover  for  Boilers.— We  illustrate  a  man- and 
hand-hole  cover  that  has  been  designed  by  Mr.  A.  B.  Willits, 
of  the  United  States  Navy,  for  ma- 
rine boilers.  The  plate  is  flanged 
inward,  the  edge  faced  and  a  steel 
plate  cover  used  inside,  pulled  up  to 
the  face  by  a  bridge  and  bolt  in  the 
ordinary  way.  It  is  simpler  and  bet- 
ter than  the  old  flat  hole  stiffened 
by  a  ring  riveted  on.  —  The  Engineer. 

Disincrustation  of  Boilers  with 
Liquid  Carbonic  Acid. — The  Remit 
ih  i  'himie  Industrielle  says  that  at  a 
recent  meeting  of  the  Scientific  As- 
sociation of  Saxony  one  of  the  mem- 
bers described  the  use  of  liquid  ear- 
bonic  acid  as  a  boiler  disincrustant. 
The  boiler  having  been  filled  with 
cold  water,  carbonic  acid  was  intro- 
duced from  a  receptacle  near  at 
hand.  When  the  water  was  satu- 
rated with  the  gas,  the  acid  dissolved 
the  carbonate  of  lime,  which  was  the 
principal  element  contained  in  the 
scale,  and  precipitated  the  gypsum 
which  was  combined  with  it,  leaving 
the  sheets  of  the  boiler  perfectly 
clean. 

Experiments  with  Shingles. —An  interesting  experiment 
with  shingles  was  tried  a  short  time  ago,  says  a  writer  in  an 
English  journal.  A  green  6-in.  cedar  shingle,  fresh  from  the 
saw,  was  measured  and  weighed,  care  being  taken  to  get  both 
exact.  It  was  found  that  it  weighed  7  oz.  It  was  then  dried 
and  again  weighed  and  measured.  It  had  shrunk  nearly  J  in., 
while  the  weight  had  decreased  from  7  oz.  to  3  oz.  It  was 
then  submerged  in  water  24  hours,  and  the  size  had  not 
changed  a  particle,  while  the  weight  had  increased  1  oz.,  dem- 
onstrating the  superiority  of  cedar  shingles  over  oth>  i 
when  once  dry  they  will  neither  shrink  with  excessive  heat  nor 
pry  one  another  off  the  roof  in  wet  weather. 

Hardness  of  Copper  and  Zinc  — An  interesting  fact  con- 
cerning the  relative  hardness  of  copper  and  zinc  has  been 
brought  to  light  by  means  of  M.  Paul  Jannetaz's  new  scle- 
rometer.  Most  authors  regard  zinc  as  harder  than  copper. 
If,  however,  the  metals  are  examined  in  a  sufficiently  pure 
state,  it  appears  that  copper  is  the  harder  of  the  two.  This 
removes  an  exception  to  the  rule  that  the  harder  the  bedy 
the  less  its  atomic  volume. 

Tunnel  and  Bridge  to  Copenhagen.  — Owing  to  the  accu- 
mulations of  ice  which  cuts  off  Copenhagen  from  the  main- 
land during  part  of  the  winter,  it  is  now  proposed  to  build  a 
tunnel  between  the  island  of  Seeland  and  Funen  and  a  bridge 
between  Funen  and  the  mainland.  The  construction  will  be 
easy  owing  to  the  soft  nature  of  the  bottom,  and  the  island  of 
Bpragal  will  be  used  for  ventilation  aud  other  purposes. 
When  the  work  is  completed  it  is  estimated  to  cost  about 
£1,800,000.  Copenhagen  will  be  two  hours  nearer  the  con- 
tinent. 
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Comparison  of  Artificial  Lights. — It  is  stated  that  a  care- 
ful examination  under  the  spectroscope  of  various  lights 
shows  that  the  arc  lamp  and  the  improved  incandescent  gas- 
lights are  the  artificial  sources  of  light  that  approach  sunlight 
most  nearly  in  nature  ;  but  all  artificial  light  has  a  warmer  or 
more  golden  light  than  daylight.  Ordinary  gas  flames  and 
ordinary  incandescent  lamps  emit  the  red  and  yellow  r 
and  are  consequently  less  satisfactory.  It  is  believed  that  a 
light  closely  approaching  daylight  in  character  could  be  ob- 
tained by  the  use  of  colored  reflectors  with  arc  lamps. 

A  Colossal  Microscope.— According  to  the  Annates  Tech- 
niques, a  gigantic  microscope  is  being  constructed  in  Munich. 
It  has  a  magnifying  power  of  11,000  diameters,  but  this  can  be 
increased  to  I6,000\v  means  of  an  electric  light,  the  image  in 
this  case  being  thrown  on  a  screen.  In  order  that  the  heat  of 
the  lamp  may  occasion  no  expansion  of  the  metallic  parts  of 
the  armature  and  consequently  displace  the  focus  of  the  lenses, 
a  bronze  cylinder  containing  liquid  carbonic  acid  is  so  arranged 
that  a  little  liquid  escapes  w:hen  the  temperature  reaches  a  cer- 
tain point,  and  by  its  evaporation  reduces  the  armature  to  a 
normal  temperature. 

Preservation  of  Wood. — M.  Verrier  has  made  an  applica- 
tion of  the  following  method  of  preserving  wood.  The  wood 
which  is  to  be  injected  is  cut  in  the  months  of  August  and 
October,  and  immediately  stripped  of  all  the  lateral  branches, 
merely  keeping  a  bouquet  of  leaves  at  the  end  of  each  limb. 
The  wood  is  carefully  cut  or  sawed  so  that  all  the  pores  of  the 
wood  which  are  exposed  are  immediately  placed  in  vats  filled 
three-quarters  full  of  water,  into  which  from  175  to  230  lbs. 
of  pulverized  sulphate  of  copper  is  added  per  100  galls.  The 
bouquet  of  leaves,  left  at  the  upper  end  of  each  limb,  is  suffi- 
cient to  cause  an  ascension  of  the  liquid  by  virtue  of  the  capil- 
lary attraction,  and  the  ascensional  energy  of  the  leaves.— 
MoniteuT  Industriel. 

Cement  for  Steam  pipes.— A  cement  of  specially  valuable 
properties  for  steam-pipes,  in  filling  up  small  leaks,  such  as  a 
blow -hole  in  a  casting,  without  the  necessity  of  removing  the 
injured  piece,  has  been  compounded.  The  cement  in  question 
is  composed  of  5  lbs.  of  Paris  white.  5  lbs.  yellow  ochre,  10  lbs. 
litharge,  5  lbs.  red  lead,  and  4  lbs.  black  oxide  manganese, 
these  various  materials  being  mixed  with  great  thoroughness, 
a  small  quantity  of  asbestos  and  boiled  oil  being  afterward 
added.  The  composition,  as  thus  prepared,  will  set  hard  in 
from  two  to  five  hours,  and  possesses  the  advantage  of  not 
being  subject  to  expansion  and  contraction  to  such  an  extent 
as  to  cause  leakage  afterward,  and  its  efficiency  in  places  diffi- 
cult of  access  is  of  special  importance. — American  Gaslight 
Journal. 

Smokeless  Powder.— The  adoption  of  smokeless  powder 
in  the  Italian  Army  is  likely  to  cost  Italy  dear.  According  to 
the  France  Mi  lita  • .  the  smokeless  powder  used  by  the  Italian 
artillery  has  irreparably  damaged  a  very  large  number  of 
guns.  The  powder  has  produced  such  an  effect  upon  the 
bores  of  the  guns,  that  some  500  have  already  been  condemned, 
and  orders  have  been  issued  to  considerably  reduce  the  amount 
of  gun  practice.  Enormous  expense  will,  in  consequence,  be 
necessary  to  restore  the  Italian  field  artillery  to  its  former 
state  of  "efficiencv,  no  less  a  sum  than  £*,000.000  being  men- 
tioned as  the  amount  required.  If  the  report  as  to  guns  being 
rendered  practically  useless  through  smokeless  powder  being 
used  be  correct,  it  "will  probably  have  an  important  effect  on 
the  development  of  these  powders,  which  have  received  such 
a  stimulus  of  late  years. 

Ventilation  of  Sewers.— The  municipal  authorities  of  an 
English  town  have  accepted  the  offer  of  a  local  lighting  com- 
panv  to  provide  electromotors  for  ventilating  the  uptake  col- 
umns of  sewers.  The  motors  are  to  be  continuously  supplied 
with  current  for  three  months  for  $25  each,  tests  being  taken 
in  the  mean  time  on  the  amount  of  foul  air  extracted  from  this 
sewer.  The  introduction  of  electromotors  for  this  purr 
bv  no  means  the  first  occasion  on  which  mechanical  powi 
been  emploved  for  removing  dangerous  g  ge  blowers 

and  fans  have  been  successfully  used  for  carrying  a  supi 
fresh  air  through  the  workings  at  mines  and  collieries.     For- 
merlv  the  ventilation  was  effected  by  hot-air  currents,  a  fur- 
nace being  kept  up  in  the  uptake  for  the  purpose  of  he 
the  outgoing  air,  and  thus  creating  a  draft. 

A  Type  of  Condenser.— An  unusual  type  of  condenser  for 
use- with  steam  engi  I  in  an  English  technical 

journal.     It  is  built  like  an  ordinary  steam  radiator  except  that 
it  is  much  larger,  the  vertical  pipes 
outside  diameter.    The-  exhaust  steam  fi 
one  end  of  the  coil  of  pipe,  is 
then  pumped  out  of  the  other  end  by  the  air  pump.     A  shal- 
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low  trough  extends  along  the  top  of  the  radiator,  and  is  kept 
filled  with  water  by  a  circulating  pump  ;  this  water  trickles 
down  through  fine  holes  in  the  bottom  of  the  trough  over  the 
surface  of  the  pipe,  and  keeps  it  cooled  so  that  the  steam  within 
is  condensed.  The  apparatus  is  placed  on  the  roof  of  a  shop, 
and  has  been  working  successfully  for  two  years.  Its  advan- 
tage lies  in  the  very  small  amount  of  condensing  water  re- 
quired, which  is  only  one  pound  per  pound  of  steam. 

Non-shrinking  Timber. — The  Indian  Texii  is  re- 

sponsible for  the  statement  that  a  timber  known  as  "  Billian," 
which  grows  plentifully  in  Borneo,  is  unaffected  by  water  as 
far  as  dimensions  are  concerned,  either  when  absorbing  it  or 
losing  it  by  evaporation.  It  -weighs  60  lbs.  per  cubic  foot  and 
it  has  a  breaking  strain  1.52  times  that  of  English  oak.  while 
it-  weight  is  only  5  percent  greater.  Compared  with  Burmese 
teak  it  is  62  per  cent,  strouger  transversely,  and  11  per  cent, 
heavier.  Billian  or  Borneo  iron  wood  is  a  hard,  durable  wood 
of  a  dark  brown  color.  When  seasoned  it  turns  a  deep  red, 
and  with  long  exposure  becomes  black  as  ebony.  It  resists  the 
teredo  navalis  (so  destructive  among  timber  in  salt  water),  and 
the  white  ant,  and  is  almost  indestructible.  Its  breaking  strain 
is  the  highest  of  any  known  wood,  and  it  is  extensively  used 
as  sleepers,  beams,  piles  and  for  any  construction  requiring 
strength  and  durability. 

.  Petroleum  and  Coal  Tar. — Petroleum  and  coal  tar  are  fre- 
quently recommended  and  used  to  render  posts  durable,  but 
their  value  varies  with  conditions.  Coal  tar  applied  hot  maj- 
be  made  to  form  an  impervious  casing,  shutting  out  air  and 
moisture,  but,  of  course,  not  preventing  it  from  entering 
above.  Bottled  up  in  this  manner  it  may  promote  decay. 
With  different  conditions  it  may  prove  a  useful  application. 
man.  With  shingles  it  acts  differently, 
being  wholly  exposed  to  the  rain  and  air.  Apply  the  petro- 
leum by  dipping  the  shingles  in  it  in  a  tub  of  the  oil,  and  allow 
a  few  hours  for  it  to  soak  thoroughly  into  the  pores  of  the 
wood,  and  then  lay  them  in  the  usual  way.  It  may  be  applied 
less  perfectly  to  the  shingles  after  they  are  laid,  using  a  coarse 
brush  for  the  purpose,  and  it  should  be  renewed  once  in  seven 
or  eight  years.  It  affects  the  rain-water  only  for  a  few  weeks. 
In  applying  it  to  the  roof  crowd  the  points  of  the  brush  into 
the  crevices  between  the  shingles. 

?,  Utilization  of  Coal  Dust  in  London,  England. — The  Lon- 
don Times  gives  an  account  of  a  process  by  which  anthracite 
coal  bricks  are  now  being  manufactured  by  the  London  Coal 
Brick  Syndicate.  The  bricks  are  made  of  grains  of  anthracite 
dust,  which  are  forced  to  cohere  by  means  of  a  special  cement- 
ing compound  and  by  great  pressure.  The  coal  dust  is  mixed 
with  the  binding  material  in  the  proportion  of  95  per  cent,  of 
the  former  to  4  per  cent,  of  the  latter.  The  compound  is  fed 
into  a  mixer,  where  it  meets  a  jet  of  steam,  a  stiff  paste  being 
formed,  which  is  delivered  successively  into  a  series  of  moulds 
under  a  pressure  of  25  cwt.  As  the  mould  plate  revolves  the 
charge  in  each  mould  is  brought  between  two  rams,  which 
exert  a  pressure  of  2  tons  per  square  inch  on  each  side  of  the 
charge,  forming  a  very  dense  and  homogeneous  coal  brick. 
The  brick,  still  in  the  mould,  passes  on  to  the  delivery  ram, 
by  it  is  pushed  out  on  to  a  table,  and  is  removed  for  the 
market.  These  coal  bricks  are  said  to  make  an  excellent  fuel, 
and  to  possess  a  very  high  efficiency  for  steam-raising  pur- 
poses. The  Times  thinks  that  with  such  a  fuel  at  the  disposal 
of  the  public  there  is  room  to  hope  for  a  reduction  in  the  pol- 
lution of  the  atmosphere  of  towns. 

n  .Counterweight  for  Electric  Cars.— Quite  an  ingenious 
method  has  been  resorted  to  for  assisting  electric  cars  up  a 
steep  grade  in  Seattle.  Two  counterweights,  aggregating 
6  tons,  run  on  a  track  in  a  conduit  3  ft.  wide  and  15  in.  below 
the  street  surface,  and  at  the  bottom  these  weights  abut  against 
an  air  cushion  made  of  two  8-in.  wrought-iron  pipes  of  8  ft. 
length,  inclosing  Tin.  pistons  of  about  the  same  length.  At 
the  other  end  of  a  steel  cable  attached  to  the  counterweights 
is  a  small  dummy  running  in  a  conduit  4  in.  wide  by  8  in. 
deep,  placed  above  the  larger  conduit  ;  this  dummy  has  a  bar 
"hinged  to  it  and  projecting  8  in.  above  the  ground,  to  which 
the  drawbar  of  the  car  is  coupled.  In  operation,  the  loaded 
car  descending  the  grade  draws  up  the  counterweight,  which 
very  nearly  equals  the  weight  of  the  empty  car,  the  electric 
power  and  brakes  being  operated  as  on  the  level.  In  ascend- 
ing, the  counterweight  comes  down  and  pulls  up  the  car.  with 
the  assistance  of  the  electric  motor  to  handle  the  load  ;  when 
the  car  is  uncoupled  at  the  foot  of  the  grade,  an  automatic 
catch  holds  the  dummy  in  position  for  the  next  ascending  car. 
Another  simple  but  essential  mechanism  in  carrying  out  this 
arrangement  is  the  employment  of  a  safety  catch  with  the 
weights  in  case  of  breakage  of  the  rope,  and  the  coupling  is 
automatic. 


Basic  Slag  as  Manure. — The  slag  resulting  from  the  Besse- 
mer basic  process  has  been  proved  to  possess  valuable  quali- 
ties as  a  manure,  owing  to  the  large  percentage  of  phosphorus 
which  it  contains.  As  a  tetra-basic  phosphate  of  lime,  in  which 
form  the  element  is  present,  it  can  be  readily  assimilated  by 
plants,  provided  the  slag  is  ground  sufficiently  fine.  At  the 
North-Eastern  Steel  Works  a  large  milling  plant  has  been 
erected,  in  which  the  whole  of  the  slag,  amounting  to  25  per 
cent,  of  the  total  weight  of  steel  produced,  is  ground  by  edge- 
runners  or  other  means  until  about  S3  per  cent,  will  pass 
through  a  sieve  of  120  wires  per  linear  inch.  It  has  been 
found  by  experiment  that  the  efficiency  of  the  manure  is  not 
increased  by  grinding  it  finer  than  this.  Any  small  fragments 
of  steel  which  may  have  become  mixed  with  the  slag  are  re- 
moved by  magnets.  The  manure  contains  from  17  to  20  per 
cent,  of  phosphoric  acid,  50  per  cent,  of  lime,  and  14  per  cent, 
of  iron  oxides,  together  with  smaller  quantities  of  other  ingre- 
dients. Exhaustive  experiments  have  been  made  with  the 
manure  in  this  and  other  countries.  It  has  been  found  most 
effective  when  mixed  with  other  nitrogenous  manures  in  the 
proportion  of  1  to  1,  and  when  5  cwt.  of  the  mixture  is  used 
per  acre.  It  is  then  about  equal  to  superphosphate  in  bene- 
ficial effect.  At  the  price  of  27s.  per  ton  it  commands  a  ready 
sale. 

Gold  Mining  from  a  River-bed. —Gold  is  sprinkled  through- 
out the  Snake  River  country  through  Idaho,  and  there  are 
numerous  bars  along  the  river  that  would  prove  profitable 
could  water  be  commanded  for  sluicing  or  hydraulic  work. 
To  overcome  this  lack  of_  water,  as  well  as  to  insure  sufficient 
dumping  grounds,  a  big>floating  gold-saving  barge  has  been 
constructed  and  is  nowj'at  work  on  the  Idaho  bank  of  the 
Snake  River  about  10  miles  above  Pavette.  It  is  a  stern-wheel 
flatboat  propelled  by  steam.  Substantially  constructed,  65  ft. 
long  and  22  ft.  wide,  it  is  equipped  with  a  35- HP.  engine 
and  boiler.  With  a  slight  alteration  it  could  be  transformed 
into  a  steam  dredge  and  used  to  scoop  sand  and  gravel  from 
the  bottom  of  the  stream.  That  has  never  been  attempted. 
As  in  the  past,  operations  are  now  confined  to  working  bars 
out  of  the  bed  or  channel  of  the  river.  The  method  pursued 
is  to  anchor  alongside  one  of  these  gravel  deposits  and  by  the 
use  of  scrapers  bring  the  material  to  be  handled  within  the 
reach  of  the  gold-washing  machinery  with  which  the  craft  is 
rigged.  The  gravel  is  scooped  up  by  buckets  attached  to  an 
endless  chain.  There  are  48  of  these  receptacles  on  a  belt 
60  ft.  in  length,  and  each  has  a  capacity  of  about  20  lbs.  of 
dirt,  which  is  delivered  into  a  hopper.  This  is  also  an  agita- 
tor, and  the  process  employed  may  be  described  as  a  steam 
rocker,  with  the  exception  that  it  has  an  end  motion  instead 
of  one  sidewise.  The  gold  is  caught  on  copper  plates  with 
quicksilver.  The  tailings  are  carried  off  in  sluice  boxes  by 
the  force  of  a  stream  of  water  of  150  mineral  inches,  supplied 
by  a  China  pump,  run  by  the  engine  that  drives  all  the  other 
machinery.  The  gravel  is  worked  so  thoroughly  that  no  gold 
escapes  in  the  river.  An  average  of  100  tons  of  gravel  are 
daily  handled,  and  for  this  work  three  men  are  employed — an 
engineer,  one  to  work  the  scraper,  and  another  one  who  shovels 
the  dirt  into  a  pile  so  that  the  buckets  can  scoop  up  a  full  load. 

An  Improvement  in  Furnace  Boilers. — At  the  fall  meeting 
of  the  Alabama  Industrial  and  Scientific  Society  held  in  Bir- 
mingham, Xovi-mber  24,  Mr.  Murray,  Superintendent  of  the 
Linn  Iron  Works,  described  an  improvement  which  he  had 
been  able  to  make  in  furnace  boilers,  whereby  the  use  of  a 
double-decked  boiler  with  cylindrical  mud-drum  suspended 
beneath  and  a  modification  of  the  Spearman-Kennedy  gas 
burner  had  resulted  in  notable  economy. 

Mr.  Murray  was  obliged  to  dismantle  a  battery  of  boilers  at 
the  Alice  furnaces  consisting  of  two  46-in.  in  diameter  return- 
flue  boilers  34  ft.  long.  As  these  boilers  did  not  give  enough 
steam  and  the  new  boilers  had  to  be  put  in  the  same  space  as 
occupied  by  the  old  ones,  the  problem  had  to  be  solved  to 
secure  greatest  heating  surface  in  a  limited  space.  The  new 
boilers  were  built  larger  in  diameter  and  plain  cylindrical 
healers  were  added  under  each  boiler.  This  new  battery  con- 
sists of  two  54-in.  return-flue  boilers  34  ft.  long,  each  having 
two  10-in.  flues.  Under  and  connected  with  each  boiler  is  a 
plain  cylindrical  heater  36-in.  in  diameter,  31  ft.  2  in.  long. 
These  heaters  start  8  ft.  from  the  front,  giving  room  for  the 
grate  and  the  bridge-wall.  The  heaters  pass  through  the  back 
wall  2^  ft.  and  a  20-in.  mud-drum  is  suspended  under  the 
same  on  the  outside  of  the  brickwork.  The  same  setting, 
hangings,  and  about  the  same  brickwork  were  used  as  in  the 
old  battery.  The  new  double-deck  toilers  give  1,660  sq.  ft. 
of  heating  surface  as  against  1,040  sq.  ft.  in  the  old  style,  a 
gain  of  61  per  cent.  The  supplementary  heaters  afford  59  per 
cent,  real  gain.  The  increase  of  cost  over  the  old  system  is 
only  about  12  per  cent. 
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Fi^ Still  better  results  were  attained  by  introducing  a  separate 
jet  of  gas  under  the  heaters  in  addition  to  the  one  under  the 
boilers.  For  this  purpose  Mr.  Murray  designed  a  new  duplex 
gas  burner.  The  upper  burner  is  the  ordinary  Spearman- 
Kennedy  burner,  the  lower  burner  is  connected  with  the  base 
of  the  upper  one  through  a  9  x  9-in.  cast-iron  pipe  leading  to 
a  nozzle  24  in.  x  3  in.  Air  for  combustion  is  admitted  on 
either  side  of  the  battery  through  the  hot  walls  and  envelops 
the  gas-jet  at  its  orifice  from  all  sides.  The  results  with  this 
burner  were  very  flattering,  and  the  same  is  now  used  by  sev- 
eral of  the  furnace  plants  in  that  district. 

Accles  Machine  Gun.— The  Driggs  Ordnance  Company,  of 
Washington,  have  brought  out  a  new  machine  gun  invented 
by  J.  G.  Accles.  In  a  general  way  this  gun  resembles  the 
Gatling  gun,  but  has  a  number  of  important  features.  By  a 
simple  clutch  at  the  side  the  firing  mechanism  can  be  thrown 
in  or  out  of  gear  instantaneously,  and,  secondly,  the  gunner 
can  easily  throw  a  continuous  stream  of  bullets,  or  fire  shots 
singly — at  the  rate  of  about  400  shots  per  minute — the  crank 
being  turned  at  a  steady  rate  all  the  time.  The  gun  may  be 
mounted  on  field-carriages,  parapets,  embrasures,  and  on  all 
tvpes  of  naval  mountings.  On  board  ships  the  guns  are  ar- 
ranged so  as  to  be  actuated  both  by  hand  and  by  electricity. 
In  using  electricity  the  main^current  from  the  ship's  dynamo 
is  led  to  a  smaller  motor  connected  with  the  shaft  which  works 
the  gun.  Great  rapidity  of  fire  is  obtained  with  this  latter 
arrangement.  1,000  shots  per  minute  having  been  fired  accu- 
rately in  recent  experiments. 

The  gun  fires  only  one  shot  at  a  time,  and  a  cartridge  cannot 
be  discharged  without  the  trigger  being  pulled.  Turning  the 
crank  cannot,  therefore,  by  any  possibility,  discharge  car- 
tridges unless  the  trigger  is  also  pulled.  The  force  of  discharge 
is  absorbed  by  the  weight  of  the  gun,  so  that  there  is  no  recoil 
or  disarrangement  of  the  aim  caused  by  firing.  While  the 
habitual  position  of  the  crank  is  on  the  trunnion,  a  preferable 
location  in  the  10-barreled  gun  for  accurate  tiring,  it  can  be 
placed  at  the  rear  of  the  gun,  making  it  possible  to  discharge 
all  of  the  shots  at  each  turn  of  the  crank,  or  30  shots  a  second, 
which  is  at  the  rate  of  1,800  shots  per  minute.  For  the  pur- 
pose of  extreme  rapid  tiring  an  arrangement  is  perfected  by 
which  the  trigger  can  be  locked  in  a  position  of  permanent 
"  pull,"  and  rapidly  turning  the  crank  a  constant  stream  of 
cartridges  can  be  discharged.  Placing  the  crank  on  the  trun- 
nion is  thought  by  ordnance  experts  to  be  of  great  advantage, 
it  being  possible  by  having  it  in  that  position  for  one  man  to 
aim  and  tire  the  gun,  as  it  is  only  necessary  for  the  man  to  sit 
close  to  the  breech  of  the  gun  to  enable  him  to  manipulate  the 
crank  attached  to  the  right-hand  trunnion.  By  this  arrange- 
ment one  man  could  load,  aim,  and  fire  the  gun  at  the  rate  of 
about  600  shots  a  minute.  It  is  thought  that  in  action  bat- 
teries may  often  be  reduced  to  one  man,  and  the  possibilities 
in  this  respect  are  therefore  of  much  practical  value. 

Novel  Method  of  Track  Shifting. — In  the  course  of  the 
four-tracking  and  other  improvements  on  the  New  York,  New 
Haven  &  Hartford  Railroad  between  Woodlawn  and  New 
Haven,  it  has  been  sought  to  reduce  the  grades  and  to  improve 
the  alignment  by  reducing  the  curvature  to  2°.  At  two  places 
on  the  line  there  has  recently  been  accomplished  the  shifting 
of  long  sections  of  track  to  embankments  on  the  new  grade 
without  interruption  of  the  regular  traffic  and  at  a  low  cost. 
Near  Milford,  Conn.,  there  was  a  change  of  track  extending 
8,000  ft.,  with  an  average  raise  of  6  ft.  and  a  maximum  of  9  ft. 
The  filling  for  third  and  fourth  tracks  had  been  brought  to 
the  new  grade.  Under  former  plans  the  two  existing  tracks 
would  have  been  raised  by  a  succession  of  such  lifts  as  could 
have  been  properly  tamped  to  permit  of  the  safe  passage  of 
trains.  The  old  tracks  were,  however,  moved  bodily  on  skids 
from  the  old  to  the  new  grade,  making  the  new  third  and 
fourth  tracks,  and  the  old  part  of  the  railroad  is  then  raised 
without  interference  from  trains.  The  proposal  to  raise  and 
slide  the  tracks  on  skids,  with  block  and  tackle,  was  so  gener- 
ally condemned  by  experienced  trackmen  that  the  roadmasters 
of  the  New  York  Division  did  not  decide  upon  this  step  until 
an  experimental  strip  had  been  removed  by  this  means.  The 
track  was  disconnected  in  five-rail  lengths  (150-ft.  sections), 
and  the  skids,  on  which  the  sections  were  moved,  consisted  of 
rails  spiked  to  6  X  8-in.  spruce  timber,  with  dowels  at  each 
end.  to  which  were  attached  the  blocks  and  tackles.  The  work 
of  shifting  8,900  ft.  of  track  a  distance  ranging  from  20  to 
30  ft.  and  lifting  it  an  average  of  6  ft.,  was  accomplished  with 
261  days'  work,  including  the  time  of  going  to  the  work  and 
returning,  or,  reckoning  only  the  time  actually  spent  in  labor, 
a  little  more  thau  100  full  days'  work  sufficed  to  place  the 
track  in  position  for  surfacing.  This  stated  to  be  about  equiva- 
lent to  that  which  under  the  usual  methods  would  be  neces- 
sary to  draw  the  spikes,  disconnect  the  rails,  and  to  carry  the 


ties  and  rails  25  ft.,  including  the  lift  of  6  ft.,  after  which  it 
would  be  necessary  to  space  and  line  the  ties  and  to  connect, 
gauge,  and  spike  the  rails.  Four  miles  of  track  have  been 
raised  in  this  manner,  including  a  stretch  near  Pelhamville, 
where  the  lift  was  8  ft.  and  the  lateral  movement  35  ft.  Ex- 
perienced workmen  brought  the  cost  of  this  shifting  down  to 
16  cents  a  lineal  foot.  The  work  was  planned  by  C.  C.  Elwell, 
M.,  AM.,  Soc.  C.  E.  Roadmaster  of  the  division. 

Travel  on  the  Congo  Road.— The  Congo  Railroad  has  ar 
rived  at  the  dignity  of  a  time-table  and  schedules  of  passenger 
and  freight  traffic.  What  the  road  lacks  in  length  it  makes 
up  in  charges.  It  costs  anybod}-  who  has  a  social  position  to 
maintain  $10  to  travel  26  miles.  This  is  the  first-class  rate, 
and  the  drop  from  first  to  second  class  is  precipitous  and 
abysmal.  The  only  accommodations  for  second-class  passen- 
gers are  such  as  they  can  find  in  the  freight  cars,  but  they  can 
afford  to  stand  up  if  need  be,  for  they  are  required  to  disburse 
only  $1  for  transportation  that  costs  the  unfortunate  few  10 
times  as  much.  Modern  improvements  in  train  management 
are  a  feature  of  the  new  African  railroad.  The  fact  that  only 
one  train  a  day  starts  from  each  terminus  reduces  to  a  mini- 
mum the  danger  of  a  rear-end  collision  ;  but  as  the  Congo 
Railroad  differs  from  our  trunk  lines  in  having  only  a  single 
track,  it  is  not  expedient  for  trains  to  attempt  to  pass  one  an- 
other between  stations.  The  four  stopping-places  along  the 
line  have  therefore  been  connected  by  telephone,  and  conduc- 
tors are  under  orders  not  to  leave  one  station  until  assured  by 
telephone  that  they  will  have  a  full  monopoly  of  the  track  to 
the  station  ahead. 

When  the  line  is  completed  to  Stanley  Pool  there  will  be  a 
fine  opportunity  for  tourists  of  the  adventuresome  sort  to  catch 
a  glimpse  of  the  lower  Congo  Valley  and  return  to  the  sea 
breezes  in  a  few  days.  It  is  to  be  expected  that  the  progress 
of  civilization  will  have  a  tendency  to  reduce  the  price  of  first- 
class  tickets.  The  company,  however,  has  a  monopoly  of  rail- 
road building  for  many  years  to  come,  and  will  be  likely  to 
charge  all  the  traffic  will  bear,  without  any  fear  that  competi- 
tive routes  or  ticket  scalpers  will  demoralize  rates.  Of  course, 
the  needs  of  commerce  and  the  pressure  that  the  Congo  Free 
State  may  exert  will  soon  have  a  tendency  to  place  all  charges 
on  a  reasonable  basis.  The  road  is  completed  to  Nkenge,  25 
miles  from  its  starting-point  at  Matadi.  It  is  now  fairly  on  the 
plateau  behind  the  hills  that  overlook  the  foaming  cataracts 
of  the  river.  The  road  thus  far  has  been  hewn  out  of  the 
toughest  of  rock,  skirting  first  the  Congo  and  then  zigzagging 
up  the  Mposi  River  Valley,  where  a  number  of  costly  bridges 
were  thrown  over  the  troublesome  stream.  Nearly  all  the 
difficulties  of  the  entire  route  have  now  been  conquered  and 
rapid  progress  may  be  made  to  Stanley  Pool,  where  steamers 
from  far  and  near  will  bring  freight  to  the  cars.  Facts  are 
stubborn  things,  and  this  railroad  must  astonish  the  small 
army  of  writers  who  affirmed  a  few  years  ago  that  white  men 
could  accomplish  nothing  in  the  tr3-ing  climate  of  the  Congo 
Valley. — Nea  York  Sun. 


THE 


BUFFINGTON-CROZ1ER      DISAPPEARING 
GUN  CARRIAGE. 


Immediately  after  the  adoption  of  a  policy  on  the  part  of 
the  United  States  Government  to  increase  the  naval  and  coast 
armament  of  the  country,  the  Ordnance  officers  came  to  the 
conclusion  that  for  an  efficient  coast  defense  a  disappearing 
gun  carriage  was  an  absolute  necessity.  This  stimulated  a 
number  of  inventors,  and  several  types  of  disappearing  gun 
carriages  have  been  evolved  which  are  more  or  less  successful, 
some  of  which  have  been  constructed  under  orders  from  the 
Government  and  have  been  tried  under  the  supervision  of  the 
Ordnance  Department. 

Among  the  earliest  attempts  at  the  designing  of  such  a  car- 
riage was  that  of  Colonel  Buffington,  a  modified  form  of  whose 
carriage  was  tested  at  the  Sandy  Hook  Proving  Grounds  on 
December  14,  a  memorandum  of  which  was  given  in  our 
January  issue.  The  carriage  is  known  as  the  Buffington-Cro- 
zier  carriage.  Captain  William  Crozier,  whose  name  appears  in 
connection  with  the  carriage,  was  detailed  by  the  Government  a 
number  of  years  ago  to  visit  Europe  and  gather  such  informa- 
tion as  would  be  placed  at  his  disposal,  in  regard  to  the  con- 
dition of  the  art  in  the  several  military  countries,  and  report 
the  same  to  this  Government.  He  found  no  disappearing  car- 
riage which,  in  his  judgment,  would  warrant  the  appropriation 
of  Targe  sums  of  money  by  this  country  for  construction.  He 
brought  home  one  or  two  gun  carriages,  of  Russian  and  French 
design,  of  the  non  disappearing  type,  but  on  further  investiga- 
tion in  this  country  became  to  the  conclusion  that  the  principle 
underlying  the  construction  of  the  Buffington  carriage  was  one 
which  could  be  developed  into  great  efficiency,  and  he  there- 
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fore  set  about  remodeling  the  carriage  in  such  a  way  as  to  make 
it  suitable  for  the  heavy  guns  intended  for  the  coast  defense  of 
the  United  States.  The  result  of  his  labors  is  the  carriage 
which  was  used  in  mounting  the  8-in.  gun  at  Sandy  Hook,  illus- 
trations of  which  are  given  in  this  issue.  We  show  three  en- 
gravings of  the  carriage  :  two  taken  from  photographs  show- 
ing the  gun  in  the  firing  and  in  the  loading  position  respec- 
tively, and  also  a  reproduction  of  a  working  drawing  of  the 
carriage,  for  which  we  are  indebted  to  Captain  Crozier. 

The  principle  upon  which  the  carriage  works  is  that  there 
is  a  heavy  counterweight  so  adjusted  that  when  it  is  released 
it  will,  by  falling,  raise  the  gun  to  the  firing  position.  Upon 
firing,  the  recoil  of  the  gun  throws  it  back  to  the  loading  posi- 
tion, at  the  same  time  raising  the  weight  so  that  it  is  all  ready, 
upon  a  second  release,  to  fall  to  the  firing  position.  An  ex- 
amination of  the  photographs  and  the  line  engravings  shows 
that  the  gun  is  supported  at  two  points— the  trunnions  and 
breech— by  levers  which  stand  nearly  upright  when  the  gun  is 
in  the  firing  position.  On  either  side  of  the  gun  there  is  a  hy- 
draulic cylinder  which  moves  back  and  forth  over  a  rigidly  fast- 
ened piston.  On  this  cylinder  the  levers,  which  carry  the  trun- 
nions of  the  gun,  are  pivoted  near  their  center  point.  At  the 
other  end  of  these  levers  from  the  trunnions  the  counterweight 
is  attached.  The  counterweights  are  so  held  that  in  rising  and 
falling  their  motion  must  be  truly  vertical  ;  cross-heads  at- 
tached to  them,  running  in  guides  in  the  main  castings  of  the 
carriage.  The  cylinders,  on  the  other  hand,  in  their  motion 
to  and  fro  run  over  the  guides  which  are  at  right  angles  to 
the  guides  carrying  the  counterweights.  It  is,  therefore,  evi- 
dent, from  the  well-known  law  which  has  been  so  often  ap- 
plied in  the  construction  of  ellipsographs,  that  when  one  end 
and  the  center  of  a  lever  are  moving  at  right  angles  to  one 
another,  the  further  extremity  of  the  lever,  which  in  this  case 
carries  the  trunnions  of  the  gun,  must  move  through  an  arc 
of  an  ellipse.  Therefore,  in  the  recoil  of  the  gun,  the  trim 
nions  move  back  from  the  firing  to  the  loading  position  through 
the  arc  of  a  perfect  ellipse.  On  the  other  hand,  the  levers 
which  are  used  for  supporting  the  breech  of  the  gun  are  pivoted 
to  blocks  held  in  the  body  of  the  carriage,  so  that  as  the  breech 
rises  and  falls  it  passes  "through  the  arc  of  a  circle.  When 
the  combination  of  these  two  motions  is  carried  forward  to 
the  muzzle  of  the  gun  it  produces  a  very  unique  motion,  and 
one  which  could  not  be  excelled  in  the  retiring  of  the  muzzle 
to  the  loading  position  at  a  point  back  of  the  parapet.  It  is 
as  though  one  should  take  the  muzzle  in  the  hand,  push  it 
back  to  the  edge  of  the  parapet,  and  then  suddenly  lower  it 
behind  it.  The  principle  on  which  the  gun  is  worked  is  there- 
fore very  simple,  and  one  which  will  readily  be  comprehended 
from  the  description  and  the  mechanism  when  coupled  with 
an  examination  of  the  drawing. 

The  gun  is  aimed  while  it  is  in  the  loading  position.  It  is 
aimed  by  means  of  a  range  finder  whereby  the  angle  of  firing 
elevation  is  obtained,  so  that  the  gun  is  not  exposed  to  the 
enemy's  tire  except  fur  the  time  required  to  rise  over  the  para- 
pet and  retire;  the  time  of  pulling  the  lanyard  being  almost 
inconceivably  short.  The  method  of  aiming  is  exceedingly 
simple.  The  horizontal  aiming  is  of  course  obtained  by  swing- 
ing the  carriage  to  the  proper  point.  The  vertical  elevation 
of  the  gun  is  very  easily  and  quickly  obtained,  inasmuch  as 
the  gun  is  not  moved  while  aiming.  The  levers  which  carry 
the  breech  are  pivoted  at  their  lower  extremities  in  a  block 
which  is  similar  to  the  link  block  of  a  steam-engine  using  the 
Stephenson  link  for  its  valve  motion.  This  block  slides  be- 
tween a  pair  of  guides  which  are  curved  to  a  radius  equal  to 
the  length  of  the  lever,  and  with  their  center  at  the  center  of 
the  breech  trunnion  when  the  gun  is  in  the  loading  position. 
The  gun  is,  therefore,  down  on  its  bed  and  there  is  no  strain 
whatever  on  these  levers,  and  the  lower  end  can  lie  raised  or 
lowered  by  a  suitable  mechanism  of  gears  and  worms  without 
any  very  great  effort,  by  one  man.  But  the  mechanism  is 
self-locking,  so  that  the  moment  the  block  reaches  a  point  in- 
dicated on  the  guides  as  giving  the  suitable  elevation,  which 
has  been  obtained  by  means  of  a  range  finder,  the  sun  is  ready 
for  being  raised  to  tiie  tiring  position,  and  the  elevation  is  ob- 
tained by  raising  or  lowering  the  height  of  this  movable  block 
at  the  lower  end  of  the  breech  levers.  The  raising  of  the 
block  decreases  the  elevation  of  the  gun  ,and  lowering  the 
block  increases  the  same.  The  extreme  elevation  possible 
with  the  carriage  given  is  15°  of  elevation  and  5°  of  depression. 
When  the  gun  is  back  of  the  parapet  an  angle  of  7'  depression 
from  the  edge  of  the  parapet  just  clears  the  top  of  the  gun. 
The  counterweight  of  the  gun.  as  we  have  said,  moves  in  a 
vertical  line.  It  falls  freely.  When  it  rises  and  the  gun 
settles  to  the  loading  position,  a  rack  on  the  face  of  the  cross- 
heads  is  caught  by  pawls  attached  to  the  carriage,  and  when 
the  gun  is  finally  down  the  (  ounterweighl  is  held  in  its  high- 
est position.    A.  crane  attached  to  the  rear  of  the  carriage  serves 


to  raise  the  shell  to  the  breech  of  the  gun  and  facilitates  load- 
ing, but  as  this  need  not  be  an  integral  part  of  the  carriage,  it  can 
be  arranged  to  suit  the  convenience  and  taste  of  the  officers 
having  charge  of  the  work. 

After  the  gun  is  loaded  and  the  lower  end  of  the  breech- 
lever  fixed  so  as  to  give  it  the  proper  elevation  when  it  has 
reached  the  firing  position,  two  men  are  stationed  at  the  for- 
ward end  of  the  carriage  with  levers  projecting  through  loops 
and  bearing  against  the  pawls  holding  the  counterweights. 
At  the  command  "  Heave,"  they  throw  their  weights  against 
these  levers  and  disengage  the  pawls,  afterward  drawing  the 
levers  out  of  their  sockets  and  laying  them  on  the  ground  behind 
the  parapet.  The  counterweight  thus  released  immediately 
raises  the  gun  to  the  firing  position.  In  doing  this  the  cylin- 
ders on  the  side  of  the  carriage  arc  drawn  forward,  so  thai  the 
pistons  are  down  to  the  bottoms  of  the  same.  These  cylinders 
are,  as  we  have  said,  intended  for  taking  up  a  portion  of  the 
recoil.  The  resistance  of  the  recoil  is  taken  up  one-third  by 
lifting  the  counterweight  and  one-third  by  each  of  the  two 
cylinders.  These  cylinders  are  arranged  on  the  same  plan  as 
the  ordinary  type  of  hydraulic  resistance  cylinders,  such  as 
the  Fletcher  recoil  used  on  the  Driggs-Schroeder  gun  described 
in  our  January  issue.  It  consists  of  an  hydraulic  cylinder 
filled  with  liquid  having  an  internally  projecting  lug,  which  is 
approximately  wedge-shaped  on  the  inner  side.  The  piston  is 
cut  out  to  allow  for  passage  over  this  wedge.  At  the  back 
end  of  the  cylinder  where  the  piston  is  located  at  the  moment 
of  firing,  the  opening  between  the  wedge  and  the  piston  is  the 
greatest,  because  the  motion  there  is  the  fastest.  This  clear- 
ance decreases  toward  the  other  end  of  the  cylinder,  and  cal- 
culations are  made  in  this  particular  instance  so  that  the  actual 
resistance  to  the  recoil  of  the  gun  runs  constant  throughout 
the  whole  recoil.  The  liquid  completely  filling  the  cylinder 
simply  flows  from  one  face  of  the  piston  over  the  other,  and  it 
is  this  resistance  to  the  flow  of  the  liquid  which  takes  up  the 
force  of  the  recoil.  We  have  now  seen  that  at  the  moment  the 
command  "  Heave"  is  given,  the  counterweights  fall,  raising 
the  gun  to  the  firing  position  and  drawing  the  cylinders  to  the 
front  side  of  the  carriage. 

When  the  gun  is  fired  the  reverse  simply  takes  place.  The 
gun  is  thrown  back  to  the  loading  position,  the  cylinder  forced 
to  the  back  side  of  the  carriage,  and  the  counterweight  raised 
until  it  is  caught  by  the  pawls  and  held. 

The  rapidity  of  the  action  of  this  carriage  is  shown  by  the 
tests  which  were  held  at  Sandy  Hook,  and  to  which  we  have 
already  referred,  in  which  It)  shots  were  fired  in  12  minutes 
and  3  seconds.  The  party  who  visited  Sandy  Hook  to  wit- 
ness these  tests  being  unaccustomed  to  the  noise  of  the  firing 
of  large  guns,  was  cautioned  to  take  refuge  behind  something 
in  order  that  the  sounds  might  be  broken  and  no  injury  done 
to  their  ears.  The  writer  of  this  was,  during  the  first  three 
shots,  behind  a  building  and  about  5  ft.  from  the  corner.  Im- 
mediately upon  hearing  the  report  he  jumped  forward,  but  be- 
fore the  corner  could  be  reached,  which,  as  we  have  said,  was 
only  5  ft.  distant,  the  gun  was  back  in  the  loading  position, 
showing  the  rapidity  with  which  the  work  was  accomplished. 
Afterward  from  another  position  the  whole  firing  was  wit- 
nessed, and  the  ease  and  grace  with  which  the  gun  settled 
back  was  certainly  very  remarkable.  While  no  actual  time 
was  taken  as  to  that  occupied  by  the  recoil  and  the  raising  to 
the  firing  position,  it  was  variously  estimated  that  from  three 
to  five  seconds  from  the  time  the  word  "  Heave"  was  given 
until  the  gun  was  back  in  the  loading  position,  the  remainder 
of  the  time  was  occupied  in  loading.  Thus  it  will  be  seen  that, 
making  the  most  liberal  allowance  of  time  given  by  any  one 
present,  the  actual  time  in  which  the  gun  was  exposed  to  the 
fire  of  the  enemy  for  each  shot  probably  did  not  exceed  two 
and  one-half  seconds,  and  in  the  opinion  of  the  writer  was 
somewhat  less  than  this.  In  firing  there  is  no  apparent  jar  or 
shock  thrown  upon  any  portion  of  the  carriage.  Everything 
works  smoothly  and  easily,  and  it  is  difficult  to  realize  that 
such  tremendous  energies  are  at  work.  The  shots  which  were 
fired  at  the  time  of  the  trial  in  December  weighed  about  300 
lbs.,  and  were  fired  with  charges  of  125  lbs.  of  powder  each. 
Aside  from  its  interest  to  Ordnance  oflicers  as  an  important 
element  in  our  system  of  coast  defense,  this  carriage  offers  us 
one  of  the  finest  examples  of  close  calculations  in  machine 
construction  and  the  capabilities  of  American  workmanship  of 
which  we  have  any  knowledge. 

The  body  of  the  carriage  is  constructed  entirely  of  steel  cast- 
ings, some  of  which  were  at  the  time  of  their  casting  the 
heaviest  that  had  up  to  then  been  made  in  this  country,  and 
which  were  made  by  the  Mid  vale  Steel  Company,  of  Phila- 
delphia, Pa.  The  working  parts  are  of  forged  steel.  The 
machine  work  was  done,  under  the  personal  supervision  of 
( iaptain  Crozier,  at  the  Southwark  Foundry  &  Machine  Works 
at  Philadelphia,  Pa. 
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AMERICAN  AND  ENGLISH  LOCOMOTIVES. 


( Continued  from  pane  13.) 


Specification  of  English  Express  Passenger  Locomotive. 

LONDON  &  SOUTHWESTERN  RAILWAY. 

Tender   for   Four- Wheels   Coupled  Bogie   Passenger 
Engines  and  Tenders. 


DRIVING   AND  TRArLING-WnEEL  centers. 

The  wheel  centers  to  be  of  good  sound  cast  steel,  of  ap- 
proved make,  free  from  honeycomb  and  other  defects.  One 
wheel  center  out  of  40  is  to  be  tested  to  destruction  under  the 
following  conditions  : 

The  wheel  center  is  to  be  raised  in  a  running  position  and 
allowed  to  fall  upon  a  solid  foundation  from  the  following 
heights  :  10  ft..  15  ft.,  20  ft.,  25  ft.,  30  ft. 

Should  any  wheel  center. break  at  the  two  lower  heights — 
viz.,  10  ft.  or  15  ft.,  and  show  defects  on  hard  material,  the 
Railway  Company's  Locomotive  Superintendent  or  his  In- 
spector shall  have  the  power  to  reject  the  whole.  The  wheels 
to  be  inspected  on  the  premises  of  the  maker. 

Tensile  test  pieces  are  to  be  taken  from  the  wheel  center  to 
give  a  breaking  strain  of  not  less  than  28  tons  per  square  inch, 
with  an  elongation  of  not  less  than  20  per  cent,  in  2  in. 

Each  wheel  center  is  also  to  be  tested  by  being  allowed  to 
fall  in  a  running  position  a  distance  of  4  ft.  6  in.  on  to  a 
wooden  block  without  showing  any  signs  of  defect. 

All  the  wheel  centers  must  be  bored  and  turned,  and  have 
keyways  cut  strictly  to  template,  so  that  they  shall  be  exactly 
alike,  and  each  wheel  must  be  forced  on  the  axle  before  the 
tire  is  shrunk  on  by  a  hydraulic  pressure  of  not  less  than  80 
tons.  The  rims  must  be  correctly  turned  to  gauge  to  receive 
the  tires,  and  the  whole  wheel  trimmed  up  so  that  the  surfaces 
and  lines  are  all  fair  and  true.  The  wheel  centers  are  to  be 
turned  to  a  diameter  of  6  ft.  7  in.,  the  rims  are  to  be  4|  in. 
broad,  2|  in.  thick  at  center,  to  have  22  spokes  21  in.  thick 
at  the  boss,  and  4  in.  deep,  and  at  the  rims  If  in.  tliick  X  31 
in.  deep.  The  bosses  are  to  be  bored  out  parallel  to  a  diame- 
ter of  9|  in.,  and  are  to  be  1  ft.  5  in.  diameter.  The  cranks 
for  the  coupling-rods  are  to  be  cast  solid  with  the  bosses,  13-in. 
centers,  and  bored  out  parallel  to  a  diameter  of  5J  in.  to  fit 
the  coupling-rod  crank-pins.  The  crank-pin  holes  are  to  be 
bored  in  a  suitable  quartering  machine.  The  balance  weights 
to  be  cast  solid,  and  to  be  different  for  the  driving  and  trailing 
wheels.  Care  to  be  taken  that  each  wheel  is  cast  with  its 
proper  balance  weight.  Generally  the  wheel  centers  must  be 
as  shown  on  the  drawing. 

BOGIE-WnEEL   CENTERS. 

The  bogie- wheel  centers  are  to  be  of  good  sound  cast  steel 
of  approved  make  ;  quality,  manufacture  and  tests  same  as 
specified  for  driving  and  trailing-wheel  centers.  Each  wheel 
center  to  be  turned  to  a  diameter  of  3  ft.  3}  in.,  the  rims  arc  to 
be  4§  in.  broad,  2.J  in.  thick  at  center,  to  have  10  spokes  1-J  in. 
thick  at  the  boss  and  4  in.  deep,  and  at  the  rims  1§  in.  thick 
and  Si  in.  deep.  The  bosses  are  to  bored  out  parallel  to  a 
diameter  of  7  in.,  and  are  to  be  1  ft.  in  diameter.  The  wheel 
centers  must  be  bored  and  turned  strictly  to  template,  so  that 
they  shall  be  exactly  alike.  Each  wheel  center  must  be  forced 
on  the  axle  by  a  hydraulic  pressure  of  not  less  than  70  tons. 
The  wheel  centers  arc  to  be  fixed  to  the  axles  without  keys. 


The  tires  are  to  be  of  the  best  cast  steel,  manufactured  by 
Vickers  &  Co.,  and  are  to  be  tested  at  the  works  of  the  maker 
in  the  following  way  : 

Each  tire  is  to  be  guaranteed  to  stand  without  fracture  the 
repeated  falling  of  a  1-ton  monkey  from  a  clear  height,  first 
blow  10  ft.  ;  second,  15  ft.  ;  third,  20  ft.  ;  fourth,  25  ft.  ;  fifth, 
30  ft.,  and  so  on.  Any  tire  which  cracks  or  breaks  before  it 
has  deflected  one-sixth  of  its  external  diameter  is  to  be  rejected. 

Test  pieces  are  to  be  machined  cold  out  of  the  tire  without 
reheating  the  steel  or  treating  in  any  way  beyond  cold  machin- 
ing for  tensile  test.  The  minimum  tensile  strength  to  be  44 
tons  per  square  inch,  and  to  have  an  extension  of  not  less 
than  15  per  cent,  in  2  in.  A  suitable  and  sufficiently  large 
piece  is  to  be  sent  to  nine  Elms  for  testing  in  a  similar  manner. 

The  contractor  shall  require  the  maker  to  provide  at  his 
own  expense  one  additional  tire  for  each  50  ordered,  to  be  se- 
lected from  the  bulk  by  this  Company's  Locomotive  Superin- 


tendent or  his  Inspector,  and  to  be  tested  in  his  presence  by 
the  maker  in  the  manner  before  described. 

In  the  event  of  one  tire  cracking  or  breaking,  or  failing  to 
stand  the  test,  the  company  to  have  the  power  to  reject  the 
whole. 

The  number  of  the  charge  is  to  be  stamped  on  each  tire,  and 
in  the  event  of  there  being  more  than  one  charge  in  every  50 
tires,  a  tire  shall  be  selected  from  each  charge  and  tested. 

The  maker's  name  and  date  of  manufacture  is  to  be  stamped 
on  each  tire. 

All  the  fires  are  to  be  3  in.  thick,  of  the  form  shown  on 
drawing,  and  to  be  secured  to  the  wheels  with  a  lip  and  steel 
set  screws  1-J-  in.  in  diameter,  11  threads  per  inch.  Each  tire 
to  be  bored  to  gauge  before  being  shrunk  on  the  wheel  center. 
Each  tire  to  be  accurately  turned,  so  that  the  diameters  and 
thickness  shall  be  exactly  similar. 


All  the  axles  must  be  of  the  very  best  cast  steel,  manufac- 
tured by  Vickers  &  Co.,  and  must  be  stamped  with  the  maker's 
name  and  date  of  manufacture.  Test  pieces  are  to  be  made, 
giving  a  tensile  strength  of  not  less  than  28  tons  and  not  more 
than  32  tons  per  square  inch,  with  an  elongation  of  not  less 
than  25  per  cent,  in  2  in.  ;  a  piece  of  a  suitable  length,  1J  in. 
square,  is  to  be  bent  double  when  cold  without  showing  any 
signs  of  failure.  The  bogie  axles  to  have  centers  of  bearings 
3  ft.  7  in.,  5|  in.  diameter,  10  in.  long.  The  driving  and  trail- 
ing-axles  to  have  centers  of  bearings  3  ft.  9|  in.,  8  in.  diame- 
ter, 9  in.  long.     All  axles  are  to  be  as  shown  on  drawings. 

DRIVING   AND   TRAILING   AXLE-BOXES. 

The  driving  and  trailing  axle-boxes  to  be  as  shown  on  draw- 
ing, of  the  best  gun-metal,  and  to  have  bearing  surfaces  of 
Dewrance's  anti-friction  metal  :  keeps  to  be  of  cast  iron.  The 
axle-boxes  to  have  lubricating  pads  as  shown.  There  is  to  be 
only  one  groove  in  the  crown  of  the  axle-boxes,  with  the  lubri- 
cating holes  leading  into  it.  The  axle-box  bearings  to  be  £g  in. 
shorter  than  the  axle  journal,  to  give  clearance.  The  axle- 
boxes  must  have  T,'.t  in.  side  play  on  each  of  the  guides.  Each 
axle-box  must  be  made  to  gauges  and  must  be  duplicates  of 
each  other. 

BOGIE   AXLE-BOX. 

The  bogie  axle-box  to  be  of  the  best  gun  metal  :  keeps  to  be 
of  cast  iron,  to  have  bearing  surfaces  and  provision  for  lubri- 
cation, as  shown  on  drawing.  The  axle-box  bearings  to  be 
^  in.  shorter  than  the  axle  journal  to  give  clearance. 

DRIVING  AND   TRAILING   SPRINGS. 

The  springs  are  to  be  made  of  the  very  best  quality  of  spring 
steel,  manufactured  from  Swedish  bar  iron.  Five  per  cent,  of 
the  bars  to  be  tested  at  the  works  of  the  makers  by  the  Rail- 
way Company's  Locomotive  Superintendent  or  his  Inspector 
in  the  following  manner  :  A  piece  to  be  cut  from  each  bar  2  ft. 
6  in.  long,  heated  and  bent  round  to  a  radius  equal  to  80  times 
the  thickness  of  the  bar,  then  hardened  and  tempered.  The 
camber  to  be  taken  after  it  has  been  pushed  straight  once  in 
the  testing  machine,  after  which  the  bar  must  be  pushed 
straight  six  times  without  showing  any  further  permanent  set 
The  tensile  strength  of  the  bars  to  be  not  less  than  45  tons  per 
square  inch,  with  an  elongation  of  not  less  than  15  per  cent,  in 
2  in.  Manufacture  and  brand  to  be  approved  by  the  Railway 
Company's  Locomotive  Superintendent.  The  plates  are  to  !>c 
truly  fitted,  tempered  and  stamped  with  the  maker's  name 
and  date  of  manufacture.  The  plates  to  be  prevented  from 
shifting  side  or  end  ways  by  nibs  stamped  upon  them.  (are 
must  be  taken  that  the  nibs  formed  on  the  plates  fit  the  slots 
properly.  The  buckles  are  to  be  sound  forgings  and  arc  to  fit 
the  springs  accurately,  and  are  to  be  well  secured  to  them,  the 
buckles  to  be  prevented  from  shifting  on  the  springs  by  short 
wrought-irou  pins,  driven  while  hot  through  holes  in  the  top 
and  bottom  of  the  buckle,  and  into  a  hole  in  the  tup  plate  and 
a  recess  in  the  bottom  plate,  as  shown  on  drawing.  The 
springs  are  to  consist  of  12  plates  i  in.  thick  and  5  in.  broad, 
to  a  span  of  4  ft.,  and  to  have  adjustable  bangers  at  the  end 
and  solid  hangers  in  the  center.  Each  spring  must  be  thor- 
oughly tested  before  being  put  in  its  place,  by  being  weighted 
with  11  tons,  and  on  the  removal  of  this  weight  the  spring 
must  resume  its  original  form. 

BOGIE  SPRINGS. 

The  material,  workmanship,  method  of  construction  and 
testing  of  the  bogie  springs  must  lie  the  same  :i-  for  the  driv- 
ing and  trailing  springs.  The  bogie  springs  arc  to  consist  of 
If  plates  i  in.  thick.  5  in.  broad,  to  a  span  of  3  ft.  11 J  in. 
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SPUING   GEAK. 

A  compensating  lieam  to  be  attached  to  the  driving  and 
trailing  springs,  of  wrought  iron,  forged  as  shown  on  the 
drawing,  and  fitted  with  a  phosphor-bronze  bush,  pressed 
into  its  place  by  hydraulic  power.  It  is  to  be  carried  by  a 
forged  cross-shaft,  which  is  to  be  carried  by  two  forged 
brackets,  as  shown.  The  ends  of  the  springs  which  do  not 
engage  with  the  compensating  beam  must  be  provided  with 
suitable  forged  hangers,  as  shown.  The  whole  of  the  spring 
gear  to  be  forged  in  a  sound  manner,  free  from  all  defects 
whatsoever.  The  spring  and  compensating  beam  brackets  to 
be  attached  to  the  frame  by  i  in.  turned  cold  rivets  of  best 
Yorkshire  iron,  having  a  tensile  breaking  strength  of  not  less 
than  22  tons  per  square  inch,  with  an  extension  of  not  less 
than  30  per  cent,  in  2  in. 

CYLINDERS. 

The  cylinders  are  to  be  19  in.  in  diameter  when  finished, 
with  a  stroke  of  26  in.  The  steam  ports  are  to  be  16  in.  long 
and  If  in.  wide.  The  exhaust  port  is  to  be  16  in.  long  and  3 
in.  wide.  The  bars  are  to  be  H  in.  wide.  The  cylinders  are 
to  be  made  of  best  close  grained,  hard,  strong  cast  iron  ;  they 
must  be  as  hard  as  they  can  be  made,  to  allow  of  their  being 
properly  fitted  and  finished,  and  must  be  perfectly  free  from 
honeycomb  or  any  other  defect  of  material  or  workmanship  : 
thev  must  be  truly  bored  out,  the  front  end  being  bell-mouthed. 
All  the  joints,  covers  and  surfaces  are  to  be  planed  or  turned, 
and  scraped  to  a  true  surface,  so  that  a  perfect  joint  can  be  ob- 
tained. All  studs  are  to  be  tightly  screwed.  The  cylinders 
are  to  be  made  with  loose  covers  at  both  ends,  provision  being 
made  on  the  back  cover  for  carrying  the  slide  bar.  They  are 
to  be  set  in  a  horizontal  line,  placed  at  a  distance  apart  of  6 
ft.  2 *  in.  from  center  to  center,  with  steam-chest  on  side  as 
shown  on  drawing.  The  holes  in  the  frames  and  flanges  of 
the  cylinders  are  to  be  carefully  rimered.  When  the  cylinders 
are  correctly  set  to  their  places  they  are  to  be  firmly  secured 
to  the  frames  by  turned  bolts  1}  in.  diameter,  driven  home  a 
tit'ht  fit.  The  cylinders  are  to  be  covered  with  lagging  and 
clothing  plates  14  Standard  W.  G.  thick.  The  front  and  back 
cylinder  covers  are  to  be  protected  by  clothing  plates  secured 
as  shown.  The  cylinders  before  being  fixed  in  position  to  be 
tested  in  the  presence  of  the  Railway  Company's  Locomotive 
Superintendent  or  his  Inspector,  by  hydraulic  pressure  to  200 
lbs.  per  square  inch.  All  joints  must  be  perfectly  tight  under 
this  pressure  :  the  front  and  back  cylinder  covers  and  cylin- 
ders generally  to  be  exactly  to  the  drawing. 

PISTON   AND    PISTON-RODS. 

The  pistons  are  to  lie  made  of  cast  steel,  free  from  honey- 
comb or  any  other  defects,  to  the  form  and  dimensions  shown 
<m  drawing,  and  are  to  be  fitted  accurately  to  the  cone  of  the 
red  thereon  by  gun-metal  nut>  formed  with  col- 
lars, and  taper  steel  pins  through  the  nut.     The  piston-hi 
to  be  an  easy  tit  in  the  cylinder  ;  the  packing  rings  are  to  be 
three  in  number,  of  east  iron  \  in.  wide,  i  in.  thick,  and  turned 
all  over.     The  rintrs  are  to  be  turned  larger  than  the  diameter 
of  the  cylinders,  then  to  be  cut  and  sprung  iu  to  fit  the  bore  in 
Ihe  cylinders,  and  are  to  be  prevented  from  turning  round  in 
the  piston  by  dowel  pins  fixed  in  the  position  shown.     When 
finished,  the    whole   must   be  an  easy  and  accurate  fit.  so  that 
finished  rod  and  piston  can  be  moved  readily  backward 
and  forward  in  the  cylinder.     The  piston-rods  are  arranged  to 
work  through  both  front  an  1  hind  cylinder  covers,  and  to  be 
in  diameter  at  back  end  and  24  in.  at  front  end,  and  are 
i  from  the  ver  I  of  approved  make. 

with  a  breaking  strength  of  30  tons  per  square  inch  ;  they  are 
to  be  truly  fitted  to  tin-  heads,  and  are  to  be  tapered  where 
they  enter  the  1  1  to  which  they  are  to  Vie  secured 

by  cottars  of  mild  Swedish  steel.  Full  particulars  of  the  various 
dimensions  nil  tapers  are  to  be  obtained  by  reference  to  the 
full-size  drawings. 

METALLIC    PACKLNG. 

Both  piston-rods  to  be  fitted  with  the  United  States  Metallic 
ing  Company's  packing,  which  is  to  be  obtained  from 
that  company.  The  hind  cylinder  cover  is  to  be  arranged,  as 
shown  on  the  detail  drawing,  to  suit  this  packins.  and  the  front 
cylinder  cover  to  have  a  stuffing-box,  which  is  also  fully  shown 
on  the  drawing. 

SLIDE-VALVE. 

The  slide-valve  is  to  be  of  the  best  Stone's  bronze,  to  be 
made  exactly  as  shown  on  the  drawing,  and  with  recesses  in 
its  working  face. 


YAI.YE-SriNDI.ES. 

The  valve-Spindles  and  buckles  are  to  Ik-  of  best  Yorkshire 
iron,  and  of  the  dimensions  shown  on  drawing.  The  spindles 
are  to  be  guided  by  gun-metal  glands  and  bushes  through  the 
Bteam-chest  ;  the  valve-spindle  is  to  Ik-  tapered  where  it  enters 
the  valve-rod,  and  is  to  be  secured  by  a  cottar  of  mild  Swed- 
ish steel. 

SLIPE-BAKv 

The  slide-bars  (one  to  each  cylinder)  are  to  be  of  the  very 
best  Yorkshire  iron  thoroughly  ea^e  hardened,  6  in.  x  •>  in., 
of  a  manufacture  and  brand  to  be  approved  by  tin-  Railway 
Company's  Locomotive  Superintendent  :  they  are  to  be  at- 
tached with  1+  in.  bolts  1"  the  back  cylinder  covers,  which 
must  be  accurately  fitted  to  receive  them,  and  at  the  back  ends 
they  are  to  lie  attached  with  bolts  H  in  in  diameter  to  the  mo- 
tion-plate :  a  brass  liner  }  in.  thick  is  to  be  plac-d  at  each  end 
between  the  bar  and  carriers.  Each  bar  is  to  have  15  lubricat- 
ing recesses  placed  zigzag.  2  in.  in  diameter,  on  the  top,  with 
a  ;-in.  hole  in  the  recess  leading  to  the  bottom  of  the  bar. 
Bach  bar  to  have  a  perfectly  smooth  true  polished  face  all  over 
the  bearing  surf; 

I  BOSS-HKADS. 

The  slide-block  rubbing  pieces  are  to  be  of  cast  iron  of  the 
same  metal  as  the  cylinders,  and  are  to  be  well  provided  with 
means  of  lubrication.  The  cross-heads  are  to  be  of  the  very 
best  cast  steel,  free  from  honeycomb  or  any  other  defi 

The  gudgeon-pins  are  to  be  of  best  Yorkshire  iron  case  hard- 
ened, and  are  to  be  prevented  from  turning  round  in  the  cross- 
head  by  means  of  a  key  fitted  in  the  outer  jaw.  The  rubbing 
pieces  are  to  be  securely  fixed  to  the  cross  head  with  }  in. 
diameter  turned  bolts  well  fitted  into  the  holes.  Great  care 
must  be  taken  that  the  sleeve  works  freely  on  the  bar. 

YAI.VE    MOTION. 

The  valve  motion  is  to  be  of  the  curved  link  type,  and  the 
expansion  links  are  to  be  hung  from  the  center.  The  eccen- 
tric pulleys  are  to  be  in  two  parts,  the  smaller  being  of  best 
Yorkshire  iron,  the  larger  of  cylinder  metal,  and  are  to  be 
ied  on  the  axle  by  means  of  keys  and  set  screws  as 
shown.  Theeccentric  straps  are  to  be  of  good  tough  cast  irou. 
free  from  honeycomb  or  any  other  defect.  The  throw  of 
eccentrics  to  be  6  in.  The  eccentric  oil-cups  are  to  be  fitted 
with  a  button  and  spring.  The  eccentric  rods  are  to  be  of  best 
Yorkshire  iron  secured  to  the  straps  as  shown.  All  the 
wrought-iron  work  is  to  be  of  best  Yorkshire  iron  ;  the  working 
parts  are  to  be  well  and  properly  case  hardened  and  re-cleaned 
up,  and  must  be  of  the  very  best  finish,  and  free  from  all  marks 
and  defects.  All  pins  are  to  be  of  best  Yorkshire  iron,  case 
hardened,  2  in.  in  diameter,  and  made  to  standard  gauges. 
The  motion  is  to  be  reversed  by  a  screw  gear  fixed  on  trailing 
-her  on  right-hand  side  of  engine.  The  valve  rods  are  to 
work  through  cast-iron  guides  bolted  to  the  motion-plate. 

The  guides  are  to  be  bored  out  to  fit  the  rods  and  to  be  made 
of  cylinder  metal,  and  to  be  provided  with  a  lubricating  box 
as  shown.  The  guides  are  to  be  heated  to  a  high  temperature 
and  then  dipped  in  oil. 

REYEKslNo-sIIAKT. 

The  reversing-shaft  to  be  forged  from  best  Yorkshire  iron. 
The  levers  are  to  be  forged  solid  with  the  shaft,  which  is  to  be 
placed  above  the  motion  and  carried  by  a  cast-iron  bracket 
with  loose-  cap  liolled  to  the  frames  with  1-in.  bolts  turned  to 
.'■  and  made  a  driving  tit  :  these  brackets  are  to  be  made 
Under  metal,  and  bored  out  to  3;  in.  diameter  to  take 
tiie  reversing-shaft.  The  working  parts  of  the  shaft  are  to  be 
properly  case  hardened.  The  reversing-arm  is  to  be  on  the 
outside  of  the  bearing.  The  shaft  is  to  be  made  as  shown  on 
drawing,  and  lo  be  a  sound  forging  in  every  respect. 

(  1  iNNECTING-RODS. 

The  connecting-rods  are  to  be  of  best  Yorkshire  iron,  forged 
solid  in  one  length,  6  ft.  8  in.  from  center  to  center,  and  are  to  lie 
fitted  with  adjustable  brasses  of  gun-metal  at  big  end.  and  the 
small  ends  are  to  be  fitted  with  gun-metal  bushes  accurately 
fitted  and  pressed  into  their  places  by  hydraulic  power.  .\il 
bolls  to  be  of  best  Yorkshire  iron,  and  all  cottars  of  mild 
steel  ;  the  cottars  are  to  be  accurately  fitted,  and  provided 
with  set  screws  and  cross-cottars.  The  brasses  at  the  biur  ends 
are  to  be  lined  with  white  metal.  Oil-cops  are  to  be  Forged 
solid  with  the  big  end  straps  ;  at  the  small  ends  a  recess  is  to 
he  made  for  lubrication. 

COUPLING -RODS. 

The  coupling-rods  are  to  be  forged  from  best  Yorkshire  iron 
and  machined  out,  to  form  the  H  section  ;  the  ends  arc  to  be 
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accurately  fitted  with  gun-metal  bushes,  pressed  into  their 
places  by  hydraulic  power,  so  as  to  insure  a  perfectly  tight  tit, 
and  to  be  secured  as  shown  ;  the  bushes  to  have  five  grooves 
$  in.  wide  and  -fg  in.  deep,  tilted  with  white  metal.  All  oil- 
cups  for  connecting-rods,  coupling-rods  and  eccentric  straps 
to  be  provided  with  a  button  and  spring,  and  are  to  be  dupli- 
cates. The  rods  must  be  made  in  every  particular  as  shown 
clearly  on  the  detailed  drawing. 

CRANK-PINS. 

The  crank-pins  are  to  be  of  best  Yorkshire  iron  properly 
case-hardened  on  the  wearing  surface.  The  hole  in  the  wheel 
is  to  be  parallel  as  shown  ;  the  pins  are  to  be  accurately  fitted 
anil  pressed  into  the  wheels  before  the  tire  is  shrunk  on  by 
hydraulic  power  of  not  less  than  30  tons,  and  riveted  over  on 
the  inside.  Cottared  washers  are  to  be  placed  on  the  ends  as 
shown  on  detail  drawing. 

STEAM   PIPES. 

The  steam  pipes  in  the  smoke-box  to  be  of  copper,  No.  6 
Standard  W.  G.,  and  4  in.  inside  diameter,  to  have  gun-metal 
flanges  at  both  ends  properly  brazed  to  the  pipes  and  accurate- 
ly faced  so  as  to  secure  steam-tight  joints.  Each  steam  pipe 
is  to  be  led  to  the  cylinder  and  is  to  be  secured  to  the  same 
with  studs  and  brass  cover-ended  nuts. 

VOKTEX   BLAST-PIPE. 

The  blast-pipe  to  be  Adams's  Patent  Vortex,  of  the  form 
and  dimensions  shown  in  the  drawing,  with  an  annular  ex- 
haust. The  blast-pipe  is  to  be  secured  to  the  cylinder  with 
studs  and  brass  cover-ended  nuts. 


The  engines  are  to  be  fitted  with  a  steam  and  an  automatic 
vacuum  brake.  The  brake  material,  which  must  be  obtained 
for  each  engine  from  the  Vacuum  Brake  Company,  32  Queen 
Victoria  Street,  E.  C,  will  consist  of  one  combination  ejector, 
one  steam  cock  for  ejector,  one  automatic  steam-brake  valve 
on  left-hand  side  of  engine,  one  vacuum  gauge,  one  drip  re- 
cipient, one  dummy,  one  of  Clayton's  hose  and  couplings  for 
front  of  engine,  one  of  Clayton's  hose  and  couplings  for  con- 
necting main  air-pipe  of  engine  to  tender,  one  wrought-iron 
pipe  from  ejector  to  smoke-box  passing  through  the  boiler  on 
right-hand  side  of  engine,  main  air-pipe,  with  the  necessary 
T  pieces,  elbows  and  clips,  one  end  pipe  with  cast  iron  bend 
for  front  of  engine.  The  brake  material,  which  will  be  sup- 
plied by  the  contractor,  will  be  as  follows  :  One  steam  brake 
cylinder  with  piston  and  rod  complete  ;  one  copper  pipe,  2  in. 
inside  diameter,  No.  10  Standard  W.  G.,  leading  from  the  ejec- 
tor to  the  trailing  end  of  the  engine  ;  one  copper  pipe  li  in. 
inside  diameter,  No.  10  Standard  W.  G.,  leading  from  the 
steam  cock  on  the  boiler  to  the  top  of  the  ejector  ;  two  copper 
pipes  I  in.  inside  diameter,  No.  14  Standard  W.  G.,  one  from  the 
automatic  steam-brake  valve  for  supplying  steam  to  the  cylin- 
ders, the  other  leading  to  the  ash  pan  ;  one  copper  pipe  4  in. 
bore,  16  Standard  W.  G.,  leading  from  the  union  on  the  main 
air-pipe  below  the  ejector  to  the  steam-brake  valve  ;  one  cop- 
per pipe  i-in.  bore,  16  Standard  W.  G.,  leading  from  steam- 
brake  valve  to  vacuum-gauge  ;  one  wrought-iron  pipe  2  in. 
inside  diameter,  No.  7  Standard  W.  G.,  leading  from  the 
smoke-box  tube-plate  to  the  bottom  of  the  chimney,  to  have  a 
hole  I  in.  in  diameter  at  bottom  of  bend. 

The  driving  and  trailing-wheels  are  each  to  have  one  cast- 
iron  brake-block  applied  to  them.  The  brake  gear  is  to  be 
provided  with  adjustment,  and  made  of  the  best  hammered 
scrap  iron,  all  the  pins  and  working  parts  being  case  hardened. 
The  pins  through  all  points  of  suspension  of  levers  are  to  be 
2  in.  in  diameter,  and  to  have  brass  bushes  where  shown  ;  the 
brake  gear  must  be  as  shown  on  drawing. 

INJECTORS. 

Two  No.  8  gun-metal  injectors,  Dewrance's  patent,  with 
removable  half  cones,  are  to  be  fixed  one  on  each  side  of  en- 
gine as  shown,  to  deliver  into  clack-boxes  placed  at  front  end 
of  boiler.  The  delivery  pipes  are  to  be  of  copper,  li  in.  inside 
diameter,  No.  8  Standard  W.  G.  thick.  The  steam  pipe  is  to 
be  of  copper,  1^  in.  inside  diameter,  No.  10  Standard  W.  G. 
thick.  The  overflow  pipes  are  to  be  of  copper,  1  in.  inside 
diameter,  No.  10  Standard  W.  G.  thick.  Care  must  be  taken 
that  the  pipes  are  so  set  that  the  flanges  of  all  joints  come  fair- 
ly to  their  places  without  any  spring  upon  them.  The  pipes 
are  to  be  solid  drawn  and  perfectly  uniform  in  length,  and  set 
so  that  any  pipe  will  fit  into  its  respective  place  on  any  engine 
equally  well.  The  injectors  are  to  be  fitted  with  a  feedpipe 
arrangement  as  shown.  The  hose  pipes  are  to  be  connected  to 
the  injectors  by  a  brass  casting. 


t  BOLTS  AND   NUTS. 

The  bolts  and  nuts  are  to  be  made  exactly  to  the  lengths  and 
sizes  shown  on  drawing,  and  are  to  be  Whitworth's  standard. 
All  are  to  be  finished  bright  when-  not  otherwise  specified. 
All  nuts  are  to  be  case  hardened.  All  nuts  inside  smoke-box 
are  to  be  of  hard  brass  with  blank  ends. 

CLOTHING. 

The  boiler  and  fire-box  are  to  be  lined  with  felt  and  well- 
seasoned  pine  in  strips  of  not  more  than  2|  in.  wide  X  i  in. 
thick,  tongued,  grooved  and  painted  with  asbestos  fireproof 
paint  on  both  sides,  the  whole  to  be  neatly  covered  with  clean 
and  smooth  steel  sheets,  No.  14  Standard  W.  G.  thick,  to  be 
kept  1}  in.  above  the  fire-box,  and  carried  parallel  the  whole 
length  of  the  boiler  and  fixed  at  top  by  angle-iron  as  shown, 
the  steel  sheets  to  be  secured  at  the  joints  with  hoop-iron  bands 
24  in.  wide,  with  tightening  screws  at  the  ends  ;  the  beading 
on  front  end  of  boiler  to  be  of  sheet  brass  to  the  shape  shown 
on  drawing,  and  finished  to  a  perfectly  clean  and  polished  sur- 
face. The  manhole  casing  is  to  be  of  charcoal  iron,  No.  14 
Standard  W.  G.  thick,  and  is  to  be  fitted  with  a  cast-iron 
shield  for  safety-valve  columns.  The  dome  casing  is  to  be  of 
charcoal  iron,  No.  14  Standard  W.  G.  thickness,  brazed  up 
solid  and  painted. 

CAB. 

The  sides  and  front  are  to  be  of  Best  Best  Staffordshire  iron 
■fa  in.  thick.  The  roof  is  to  be  of  wood,  toDgued  and  grooved, 
and  covered  with  oil  cloth  to  this  company's  pattern  ;  the  roof 
is  to  be  supported  by  angle  irons  and  an  iron  strip  as  shown  ; 
a  ledge  is  to  be  formed  at  each  side,  to  prevent  water  falling 
on  the  men.  The  cab  is  to  have  two  windows  of  best  polished 
plate  glass,  £  in.  thick,  in  brass  frame,  hinged  on  the  top  and 
provided  with  fastenings  as  shown.  The  front  edges  of  the 
cab  and  top  of  hand  rail  plate  are  to  be  stiffened  with  angle- 
iron  and  beading  polished.  A  hand-rail  finished  bright  is  to 
be  fixed  on  each  side  of  the  engine  outside  the  cab.  A  cord 
communication  to  the  whistle  is  to  be  provided  on  the  outside 
of  the  cab  on  right-hand  side  of  engine  as  shown  on  drawing. 

GENERAL   MOUNTINGS. 

Each  engine  is  to  be  supplied  with  the  following  :  One 
Ramsbottom's  duplex  safety  valve  with  cast-iron  columns  and 
brass  valves  and  seats,  the  springs  to  be  set  so  that  when  the  eye- 
bolt  is  screwed  down  to  the  shoulder  the  steam  shall  blow  off 
with  a  pressure  of  175  lbs.  per  square  inch  in  the  boiler.  One 
of  Bourdon's  pressure  gauges,  7  in.  in  diameter,  to  indicate  up 
to  200  lbs.'pressure,  to  this  company's  pattern.  Two  water- 
gauges  complete  with  flanges,  Dewrance's  patent,  with  glass 
guard,  and  with  pipes  leading  to  the  ash-pan.  One  large  and 
one  small  whistle.  Two  steam  cocks,  Dewrance's,  for  the  sup- 
ply of  the  injectors,  to  be  fixed  with  the  whistles  to  one  seat- 
ing on  top  of  tire-box.  One  blower-cock  placed  on  side  of 
smoke-box  worked  by  a  wheel  and  screw-valve  from  foot-plate 
on  right-hand  side  of  engine  ;  and  a  copper  pipe  is  also  to  be 
led  from  blower-cock  through  the  smoke-box  to  the  top  of 
exhaust-pipe,  and  one  from  the  blower  through  the  tube-piate 
to  the  dome.  Two  clack  boxes,  one  on  each  side  of  the  boil- 
ers. Two  drain  cocks  to  each  cylinder,  to  be  worked  from 
the  foot-plate  as  shown  ;  one  lubricator  fixed  on  each  side  of 
smoke-box,  with  pipe  leading  to  steam-chest.  One  lubricator 
screwed  into  each  front  cover  of  cylinder.  One  oil-box  and 
pipes  led  down  to  top  of  each  piston-rod  and  valve  spindle 
glands,  and  fixed  as  shown.  One  lubricating-box  is  10  be 
placed  over  the  leading  and  driving  axle-boxes  with  pipes  lead- 
ing to  the  axle-boxes  and  guides.  One  watering-cock  at- 
tached to  the  injector  delivery  pipe  on  left-hand  side  of  en- 
gine. One  regulator  quadrant  and  stuffing-box  complete 
finished  bright.'"  Four  tapered  plugs,  one  in  each  bottom  cor- 
ner of  fire-box  1|  in.  in  diameter,  12  threads  per  inch.  Three 
filling  tapered  plugs  on  back  of  fire-box  If  in.  diameter,  12 
threads  per  inch.  Four  tapered  wash-out  plugs,  two  on  each 
side  of  back  of  fire  box  above  foot-plate,  1-j  in,  in  diameter,  12 
threads  per  inch.  Eight  wash-out  taper  plugs  in  smoke-bos, 
If  in.  in  diameter,  12  threads  per  inch.  One  wash-out  hole 
with  covering  plate  on  each  side  of  fire-box  at  bottom.  One 
wash-out  hole  with  covering  plate  in  front  and  back  of  fire- 
box. Two  small  tool  boxes  with  padlocks  and  keys,  one  box 
to  be  hung  on  each  side  of  engine  inside  the  cab.  One  water- 
gauge  lamp  bracket  to  this  company's  pattern  fixed  on  the  tray 
over  fire-door.  Five  lamp  irons  at  front  of  engine  to  this  com- 
pany's pattern,  four  to  be  fixed  on  front  of  smoke-box.  one  on 
front  of  buffer  plate.  All  plugs  and  mountings-are  to  boot 
gun-metal,  and  must  be  of  first-class  finish.  Pitch  of  threads 
for  mountings  is  to  be  12  threads  per  inch,  unless  otherwise 
shown  on  drawing. 

The  injector  and  whistle  seatings  and  valves,  blower  cock, 
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clack-boxes,  water-gauges,  cylinder  and  steam-chest  lubrica- 
tors are  to  be  to  this  company's  pattern. 

TOOLS. 

Each  engine  is  to  be  supplied  with  the  following  tools  :  One 
complete  set  of  spanners,  including  two  gland  and  two  mud 
plug  spanners  ;  one  punch  for  tapered  pins  ;  one  large  round 
drift  for  motion  pins  :  one  Bat  drift  for  cottars  ;  one  large 
monkey-wrench  :  one  small  monkey-wrench  ;  one  hand  ham- 
mer :  one  quarter  hammer  ;  one  pinch  bar  ;  two  chisels  ;  one 
pair  of  tongs  ;  one  banting  bar  ;  one  traversing  screw-jack 
and  ratchet,  which  must  be  exactly  to  this  company's pattern  : 
one  oil  can,  16  lbs.  :  one  oil  can.  B  lbs.  ;  one  oil  can,  4  lbs.  ;  one 
tallow  can  ;  one  tallow  feeder  ;  two  oil  feeders  to  pattern  ;  one 
pricker  ;  one  rake  :  one  fork  :  one  coal-pick  ;  one  shovel. 

Three  head  lamps,  two  water-gauge  lamps,  and  one  hand- 
lamp  are  to  be  supplied  to  this  company's  pattern.  A  sample 
set  of  fire  irons  will  be  supplied  by  this  "company. 

PAINTING. 

Before  any  paint  is  applied,  the  iron-work  must  be  cleaned 
and  be  free  from  scales  and  rust.  The  boiler  is  to  receive  one 
coat  of  boiled  oil  while  warm,  and  two  coats  of  Torbay  red 
oxide  paint,  before  being  lagged.  The  inside  of  clothing 
to  receive  one  coat  of  red  oxide.  The  outside  of  clothing  plates, 
plates,  wheels,  the  sides  and  front  of  cab,  and  sides  of  splash- 
ers, to  have  one  coat  of  lead  color,  two  coats  of  filling-up, 
stopped  with  hard  stopping,  then  rubbed  down,  followed  by 
two  coats  of  lead  color  faced  with  pumice  stone  between,  after 
which  two  coats  of  light  green  to  pattern.  The  picking-out 
and  fine  lining  are  to  be  to  pattern  panel,  which  will  be  sup- 
plied by  the  company.  The  outside  of  frames,  guard-bars, 
tops  of  splashers,  smoke-bos,  chimney,  back  of  fire-box,  ash- 
pan,  foot-plate,  brake  work,  and  side  springs  are  to  have  one 
coat  of  lead-color  paint  and  two  coats  of  japan  black.  The 
iaside  of  frames  and  cross-stays  to  have  one  coat  of  Torbay  red 
oxide  and  one  coat  of  tan  color  to  pattern.  Front  of  buffer 
plates  and  buffer  casing  to  be  painted  vermilion  ;  inside  of  cab 
to  have  one  coat  of  lead  color,  two  coats  of  filling-up,  and  t<vo 
coats  of  tan  color  to  pattern.  The  axles  are  to  have  one  coat 
of  lead  color,  and  one  coat  of  Japan  black.  All  the  painting 
on  the  outside  of  the  engine  to  have  three  coats  of  the  best  en- 
gine copal  varnish  of  the  very  best  quality,  and  flatted  between 
the  coats. 

TESTING. 

The  boiler  must  be  tested  before  being  lagged  with  warm 
water  to  362  lbs.  per  square  inch,  or  to  one  and  one-half  times 
the  working  pressure  :  to  be  tested  in  steam  to  175  lbs.  per 
square  inch,  and  to  be  thoroughly  tight  under  each  test.  The 
boiler  is  to  be  tested  in  the  presence  of  the  Railway  Company  s 
Locomotive  Superintendent  or  his  Inspector. 

QUALITY,  ETC. 

All  the  materials  and  workmanship  are  to  be  of  the  very  best 
description,  and  all  the  various  parts  are  to  be  applied  in  the 
best  and  most  approved  manner. 

All  the  iron-work  is  to  be  stamped  with  this  company's 
initials. 

^The  contractor  will  be  required  to  make  complete  general 
and  detail  drawings  of  the  engines  and  tenders,  and  to  supply 
this  company  with  two  complete  sets  of  cloth  tracings  of  them, 
free  of  charge.  Great  care  must  be  taken  that  all  parts  of  the 
engines  are  precisely  of  the  dimensions  shown,  so  that  they 
may  be  duplicates  of  each  other. 

One  of  the  engines  and  tenders  is  to  be  photographed  at  the 
contractor's  expense,  and  twelve  copies  are  to  be  supplied  to 
the  company.  All  the  working  parts  of  the  machinery  are  to 
be  well  case  hardened.  The  number  of  engine  is  to  be  figured 
in  gilt  numbers  on  front  buffer  plates,  and  "by  solid  brass  num- 
ber plates  on  the  hand-rail  plate  on  each  side  of  the  engine. 
Samples  of  the  gilt  numbers  and  drawing  of  the  brass  number 
plates  will  be  supplied  by  the  company. 

Specification  of_Six- Wheels  Tender. 

drawing  no.  6,740. 

Princij  ,ni. 

Ft.  In. 

Diameter  of  wheels  on  tread 3  9f 

Center  to  center  of  journals 6  6 

LeDgth  of  journal 0  9 

Diameter        " 0  5± 

Diameter  of  axle  in  wheel 0  $| 

"      at  center 0  64. 

Wheel-base 13  0 


Length  of  frame 19  94 

Total  length  of  wheel-base  from  center  of  leading  bogie 

wheels  of  engine  to  center  of  hind  wheels  of  tender. . .  44  3J 
Length  over  all,  from  front  buffers  of  engine  to  hind 

buffers  of  tender 53  8f 

Height  of  center  of  buffers  from  rails 3  5 

Capacity  of  tank 3,300  galls. 

TANK. 

The  tank  to  be  of  the  form  shown.  The  tank-plates  are  to 
be  of  the  Best  Best  Staffordshire  iron.  Each  side-plate  of  the 
tank  is  to  be  in  one,  j  in.  thick.  The  bottom  plate  of  the  tank 
to  be  4  in.  thick,  jointed  as  shown,  and  to  form  the  foot-plate 
of  tender.  The  height  of  top  of  foot  plate  from  rail  to  be  4 
ft.  14  in.  The  end  and  front-plates  to  be  4.  in.  thick.  The 
top  to  be  made  of  two  plates  T55  in.  thick,  jointed  as  shown. 
A  stiffening  plate  j  in.  thick  to  be  riveted  to  the  top  of  the 
tank  at  the  front  end.  The  tank  to  be  thoroughly  stayed  by 
plates,  angle  and  tee-irons  in  the  manner  shown.  The  front- 
plate  is  to  be  cut  out  to  form  a  doorway  for  coaling,  and  is  to 
be  fitted  with  a  door  hinged  from  the  "bottom,  and  secured  at 
the  lop  by  suitable  fastenings.  Two  wrought-iron  tool-boxes 
are  to  be  provided  at  the  front  of  the  tank,  one  on  each  side  of 
the  tender.  Another  tool-box  is  to  be  fixed  across  the  tank  on 
the  top  at  the  back.  All  tool-boxes  to  be  fitted  with  false  bot- 
toms, perforated  with  small  holes,  and  to  be  perfectly  water- 
tight at  the  top  ;  the  tool-boxes  are  to  be  provided  with  pad- 
locks and  keys.  The  tank  to  be  provided  with  a  manhole  or 
tank-filler  and  lid  1  ft.  6  in.  in  diameter,  to  which  is  to  be  at- 
tached a  suitable  sieve  as  shown.  The  angle-irons  throughout 
to  be  24  in.  X  24,  in.  X  I  in.  The  tank  to  be  riveted  up  with 
4-in.  rivets  If  in.  pitch,  countersunk  outside  in  the  sides  and 
end  of  the  tank.  The  coping  plates  which  are  attached  to  the 
sides  and  end  of  the  tank  to  be  finished  with  a  wrought-iron 
half-round  molding  piece  as  shown.  Tank  and  well  to  be 
made  entirely  independent  of  the  framing,  and  fixed  as  shown. 
A  well  to  be  provided  13  ft.  3J  in.  long,  3  ft.  11  in.  broad,  and 
1  ft.  6  in.  deep,  of  plates  I  in.  thick,  stayed  and  riveted  in  the 
same  way  as  the  tank.  One  filling-cock  for  bucket  is  to  be  fixed 
on  right-hand  side  in  front  of  tank  as  shown.  A  wash-out 
plug  is  to  be  fitted  to  the  bottom  of  the  well. 

One  hand-rail  is  to  be  fixed  on  each  side  of  the  back  of  the 
tank,  and  is  to  be  finished  bright  ;  four  lamp  irons  to  this  com- 
pany's pattern  are  to  be  fixed  on  the  back  of  the  tank,  and  one 
lamp  iron  on  each  side  of  the  tank,  as  shown. 

FRAME. 

The  frame-plates,  cross-stays,  stretcher-plates,  hind  buffer- 
plates  to  be  of  steel,  same  quality  and  manufacture  in  every 
respect  as  specified  for  the  engine  main  frames. 

Each  frame  is  to  be  made  of  one  plate,  1  in.  thick,  and  all 
holes  are  to  be  marked  and  drilled  from  one  template.  The 
axle-box  guides  are  to  be  made  of  cast  iron,  planed,  fitted, 
bolted  to  frame,  and  must  be  free  from  cross-winding  and 
square  with  the  frames  in  all  directions.  The  horn-stays  are 
each  to  consist  of  two  li-in.  bolts  with  cast-iron  distance 
pieces  accurately  fitted  between  the  horns.  All  the  cross-stays 
are  to  be  accurately  fitted  to  the  frames  and,  riveted  to  them 
by  f  in.  diameter  rivets.  The  frames  are  to  be  accurately 
tested  by  longitudinal,  transverse  and  diagonal  measurement, 
and  must  be  perfectly  parallel  to  each  other.  The  front 
buffing  and  draw-beam  is  to  be  constructed  as  shown,  and  is 
to  be  provided  with  buffers,  fitted  with  volute  springs,  to  this 
company's  pattern.  The  draw -bar  is  to  be  forged  in  one,  the 
hole  at  one  end  being  punched.  Wrought-iron  steps  are  to  be 
provided,  roughed  and  fixed  where  shown.  The  hind  buffing 
and  draw  plate  is  to  have  a  draw-hook  and  bar  furnished  with 
one  of  Spencer's  No.  6  india-rubber  cylinder  to  this  company's 
pattern,  two  cast-iron  buffers  the  same  as  specified  for  the  en- 
gine, two  side  chains  and  screw  coupling  made  of"  best  chain 
cable  iron,  and  to  drawing.  Two  steel  life  guards  are  to  be 
bolted  to  the  frame  behind  the  hind  wheels. 

AXLE-BOXES. 

The  axle-boxes  are  to  be  made  of  cast-iron  fitted  with  a 
wrought-iron  top  and  with  the  best  gun-metal  bearings  lined 
with  Dewrance's  antifriction  metal,  and  to  have  cast-iron 
keeps  provided  with  lubricating  pads.  The  axle-box  l>earings 
to  be  TV  in.  shorter  than  the  axle-journal  to  give  clearance  ; 
front  and  hind  axle-boxes  must  have  4  in.  side  play,  and  the 
center  axle-box  I  in.  side  play  on  each  side  of  the  guides,  as 
shown  on  drawing. 

SPRINGS. 

Tender  springs  to  be  of  same  'quality,  workmanship  and 
manufacture  as  specified.for  the  engine  springs.  Each  spring  to 
consist  of  16  plates,  one  plate  4  in.  thick  and  15  plates  yV  in. 
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thick  to  a  span  of  4  ft.,  each  spring  to  be  provided  with  hang- 
ers at  the  ends,  and  buckles  in  the  center,  as  shown.  Each 
spring  to  be  tested  with  a  weight  of  8  tons,  and  must  resume 
its  original  form  after  testing. 

WHEEL-CENTERs. 

The  wheel-centers  to  be  of  good  sound  cast  steel  of  approved 
make,  quality  and  manufacture,  and  tests  same  as  specified 
for  engine.  Each  wheel-center  to  be  turned  to  a  diameter  of 
3  ft.  3§  in.  ;  the  rims  are  to  be  4*  in.  broad,  3§  in.  thick  at  cen- 
ter, to  have  10  spokes  2^  in.  thick  at  the  boss  and  4  iu.  deep  ; 
at  the  rims  1|  in.  thick  and  3^  in.  deep.  The  bosses  are  to  be 
bored  out  parallel  to  a  diameter  of  6f  in.,  and  are  to  be  llf  in. 
diameter.  All  the  centers  must  be  bored  and  turned  strictly 
to  template,  so  that  they  shall  be  exactly  alike,  and  each  wheel- 
center  must  be  forced  on  the  axle  by  a  hydraulic  pressure  of 
not  less  than  70  tons.  The  wheel  centers  are  to  be  fixed  to  the 
axles  without  keys. 

TIRES. 

The  tires  to  be  3  ft.  9f  in.  diameter  on  tread,  and  in  every 
other  respect  to  be  same  as  the  engine  tires,  both  as  regards 
section,  qualitv  of  material,  and  workmanship,  and  to  be  manu- 
factured by  Vickers  &  Co.  The  same  tests  to  be  .applied  as 
for  the  engine  tires. 

AXXES. 

Each  axle  must  be  made  of  the  very  best  cast  steel,  quality 
and  tests  as  specified  for  the  engine  axles,  and  to  be  manufac- 
tured by  Vickers  ifc  Co.  Centers  of  journals  to  be  6  ft.  6  in.  ; 
diameter  5J  in.  and  length  9  in.  ;  other  dimensions  as  shown  on 
drawing. 

SAND-BOXES. 

Two  cast-iron  dry  sand-boxes  with  circular  valves  are  to  be 
fixed  in  front  of  the  tender.  Sand-pipes  are  also  to  be  fixed  as 
shown,  the  sand  to  be  led  <vithin  3  in.  of  the  rails  by  wrought- 
irou  pipes  1A  in.  inside  diameter.  The  general  arrangement 
of  sand-boxes  and  gear  are  shown  on  drawing. 

FEED-PITES   AND    COCKS. 

Two  feed-cocks  to  this  company's  pattern,  to  be  fixed  at 
the  bottom  of  the  well  as  shown,  two  copper  pipes  2-in.  bore, 
8  Standard  W.  G.,  to  connect  the  feed-cocks  with  the  gun- 
metal  stuffing-boxes,  as  shown.  Strong  hose  pipes  to  be  pro- 
vided, clipped  at  the  tender  end  to  the  stuffing-boxes,  and  at 
the  engine  end  to  the  feed  castings.  The  copper  pipes  to  be 
fixed  by  suitable  clips,  the  whole  arrangement  to  be  as  shown. 

STEAM-BRAKE. 

A  steam  and  hand-brake  combined  is  to  be  fixed  on  tender 
as  shown  ;  the  cylinder,  10  in.  in  diameter,  is  to  be  provided 
with  means  of  lubrication  ;  the  brake-screw,  which  is  to  be 
left  handed,  is  to  work  in  a  cast-iron  column  bolted  to  the  foot- 
plate at  the  front  end  of  the  tender,  and  the  front  pulling-rod 
is  to  be  provided  with  adjustment  as  shown  ;  each  wheel  is  to 
have  one  cast-iron  brake  block  applied  to  it.  The  brake  gear 
is  to  be  made  of  the  very  best  hammered  scrap  iron,  all  the 
pins  and  working  parts  being  of  wrought  iron  case  hardened, 
all  pins  to  be  to  drawing  and  to  have  brass  bushes  where 
shown.  The  steam  is  to  be  led  from  the  engine  to  the  cylinder 
with  a  connection  as  shown. 

The  brake  material,  which  must  be  obtained  from  the 
Vacuum  Brake  Company,  32  Queen  Victoria  Street,  E.  C. 
for  each  tender,  will  consist  of  one  main  air  pipe  with  the  nec- 
essary Tpieccs,  elbows  and  clips,  one  of  Clayton's  hose  and 
couplings  for  front  of  tender,  one  of  Clayton's  hose  and 
couplings  for  back  of  tender,  one  end  pipe  with  cast-iron 
bend,  one  dummy,  one  drip  recipient.  The  brake  cylinder, 
piston  and  rod  complete  are  to  be  supplied  by  the  contractor. 
The  brake  gear  generally  to  be  as  shown  on  drawing. 


Before  any  paint  is  applied,  the  iron-work  must  lie  clean 
and  free  from  scales  or  rust.  The  inside  of  the  tank  to  have 
two  good  coats  of  thick  red-lead  paint,  the  outside  being  pre- 
pared and  finished  iu  a  similar  manner  to  the  engine.  The  top 
and  bottom  of  the  tank,  foot-plate  and  brake-work  are  to  have 
one  coat  of  lead  color  paint,  and  one  coat  of  japan  black. 

The  gilt  numbers  are  to  be  put  on  the  tender  buffer-plate, 
and  letters  on  sides  and  small  numbers  on  ends  of  tenders,  ac- 
cording to  instructions  and  samples  which  will  be  supplied, 
and  all  the  iron-work  is  to  be  stamped  with  this  company's 
initials. 

GENERAL    CONDITIONS. 

The  engines  and  tenders  must  lie  made  to  the  dimensions 
given  in  the  foregoing  specifications,  and  to  drawings  to  be 


supplied  by  the  Company's  Locomotive  Superintendent,  ex- 
cept in  cases  where  his  consent  to  an  alteration  has  been  ob- 
tained in  writing. 

The  quality  of  the  materials  to  be  of  the  make  specified,  and 
when  no  instructions  are  given,  both  materials  and  workman- 
ship are  to  be  of  the  best  of  their  respective  kinds,  and  all  the 
working  parts  interchangeable. 

Before  ordering  any  material,  the  contractors  must  first  sub- 
mit to  the  Locomotive  Superintendent,  for  his  approval,  the 
names  of  the  firms  from  which  the  contractors  propose  to  order 
the  material,  and  obtain  in  writing  his  sanction  to  the  same. 

Complete  detail  drawings  will  be  supplied  on  application  to 
the  Locomotive  Superintendent  which  must  be  accurately 
worked  to,  and  no  advantage  is  to  be  taken  of  any  omission 
of  details  in  the  specifications  or  drawings,  as  the  contractors 
may  obtain  on  application  to  the  Locomotive  Superintendent 
a  full  explanation  of  any  part  of  the  work  not  sufficiently 
shown  or  understood. 

The  engines  and  tenders  must  be  finished  and  complete  in 
every  respect,  and  to  the  entire  satisfaction  of  the  Locomotive 
Superintendent,  who  shall  be  at  liberty  to  inspect,  either  per- 
sonally or  by  deputy,  the  work  during  its  progress,  and  to 
reject  any  defective  or  unsuitable  materials  or  workmanship. 

The  Locomotive  Superintendent  also  to  have  the  right  of 
testing  from  time  to  time,  as  specified,  or  by  additional  tests, 
any  portion  of  the  material  used  in  this  contract.  The  tests 
may  be  made  either  at  the  works  of  the  contractors,  the  com- 
pany's own  works  at  Nine  Elms,  or  those  of  any  other  firm  he 
may  hereafter  decide  upon,  and  should  the  tests  not  appear 
sufficiently  satisfactory  to  the  Locomotive  Superintendent,  he 
may  reject  the  whole  or  any  portion  of  the  material.  The 
entire  cost  of  all  tests  of  materials,  whether  chemical  or  me- 
chanical, that  may  be  required  by  the  Locomotive  Superinten- 
dent, must  be  made  at  the  expense  of  the  contractors,  includ- 
ing both  the  cost  of  the  material  and  the  preparation  of  the 
same  for  testing. 

The  engines  and  tenders  are  to  be  delivered  by  the  con- 
tractors, free  of  charge,  to  the  railway  company  at  Nine  Elms 
fit  and  ready  for  work  ;  and  prior  to'paymentin  the  usual  way 
at  the  end  of  the  second  month  after  deliver}",  each  engine  and 
tender  will  be  required  to  run  1,000  miles  consecutively  with- 
out showing  any  defects  in  materials  or  workmanship,  and  the 
contractors  will  be  held  responsible  for  all  defects  that  may 
appear,  accidents  excepted,  until  they  have  run  that  distance. 
In  the  event  of  the  engines  and  tenders  not  being  delivered  at 
the  time  and  in  the  numbers  specified,  the  company  reserve  to 
themselves  the  right  of  delaying  the  payment,  proportionate 
to  the  amount  of  delay  in  the  delivery  of  the  engines  and 
tenders. 

All  royalties  and  patent  rights  to  be  paid  by  the  contractors. 

In  case  of  any  dispute  arising,  either  during  the  progress  of 
the  contract  or  at  its  termination,  the  decision  of  the  Com- 
pany's Locomotive  Superintendent  is  to  be  taken  as  final  and 
binding  in  every  respect 


APPARATUS    FOR    RAPID    LOADING    OF    COAL 
INTO  SHIPS. 


By  G.  Braet. 


The  swinging  hydraulic  hoist  for  coal,  or  the  hydraulic 
kolentip  built  for  the  Rotterdam  docks,  by  the  Armstrongs,  of 
England,  and  forming  a  portion  of  the  plant  of  Feyenoord.  is 
one  of  the  latest  applications  of  this  system  of  loading  coal. 
The  accompanying  engravings  show,  fig.  1,  plan,  and,  fig.  2. 
a  photographic  reproduction  of  the  plant  and  its  method  of 
operation.  We  also  subjoin  to  the  end  of  this  article  an  ex- 
tract from  the  regulations  regarding  the  use  of  this  swinging 
crane. 

Another  apparatus  for  loading  coal  is  the  Marillier  hydraulic 
elevator  of  the  Albert  dock,  at  Hull,  in  England,  built  by  the 
Hydraulic  Engineering  Company,  of  Chester,  and  it  is  shown  by 
the  engravings,  tig.  3.  This  elevator  is  built  on  the  continuous 
system — that  is  to  say,  the  coal  cars  enter  frcm  one  side  by  a  side 
track,  are  raised  to  the  requisite  height,  and  are  then  unloaded, 
and  afterward  descend  and  go  out  on  the  side  track  on  the  other 
side  of  the  elevator.  The  use  of  turn  tables,  which  are  neces- 
sary in  other  systems,  are  therefore  not  required  in  this  case, 
so  that  there  is  considerable  saving  in  time  and  expense. 

The  apparatus  consists  of  a  wooden  framework  in  which 
three  platforms  are  located  :  two  are  movable  and  one  fixed 
where  the  hydraulic  machine  and  shute  is  located.  The  mov- 
able platforms  on  either  side  are  used  respectively  fur  raising 
the  loaded  cars  and  lowering  the  empty  ones.  The  stationary 
platform  of  the  machine  contains  the  hopper  into  which  the 
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Fig.   1. 
PLAN  OF  HTDRAILIC   KOLENTIP   AT  ROTTERDAM.  HOLLAND. 


Fig.  3- 
MARILLA  HYDRACLIC  ELEVATOR,  ALBERT  DOCK,  HULL,  ENGLAND. 
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coal  is  unloaded  from  the  car.  The  method  of  operating  the 
elevator  is  as  follows  :  The  full  cars,  having  been  hauled  on  to 
the  first  platform,  are  raised  to  a  height  of  28  ft.  at  least  by  a 
hydraulic  direct-acting  lift  fixed  in  one  of  the  pits  under  the 
platform.  If  the  cars  are^hopper-bottom  cars,  they  run  out  on  to 
the  center  of  the  platform  and  are  there  unloaded,  and  then, 
after  having  been  run  upon  the  descending  platform,  drop 
down  and  are  hauled  out  on  to  the  track  and  coupled  to  the 
other  empty  cars  which  have  preceded  them.  The  rails  of  the 
three  platforms  are  located  on  a  slight  incline  so  that  the  car  is 
easily  moved  from  one  to  the  other.  The  engravings  show 
three  cars  being  handled  at  the  same  time.  One  full  car  is 
going  up  ;  a  second  is  being  emptied,  and  a  third,  which  is 
already  emptied,  is  coming  down. 

In  the  mean  time  the  cars  are  being  hauled  up  to  the  elevator 
by  a  capstan  driven  by  a  three-cylinder  hydraulic  motor  built 
by  Brotherhood.     With  hopper-bottom  freight  cars 
this  elevator  can  handle  about  300  tons  an  hour. 

For  some  years  past  coal  has  been  loaded  into 
vessels  at  the  James  Watt  Dock,  at  Grenock,  by 
means  of  traveling  cranes  with  a  capacity  of  about 
25  tons,  which  were  built  by  Mr.  Appleby.  The 
boom  of  this  apparatus  has  a  swiug  of  21  ft.  2  in. 
beyond  the  end  of  the  quay,  and  at  this  height  it 
is  about  78  ft.  9  in.  above  the  level  of  the  water. 
It  can  lift  and  turn  in  all  directions,  and  is  evi- 
dently built  in  such  a  way  that  it  handles  coal 
with  great  facility  and  so  that  either  of  the  tracks 
on  the  quay  can  be  used  for  the  reception  of  loaded 
or  empty  cars.  The  turning  portion  of  the  crane 
is  mounted  on  a  movable  framework  traveling  over 
two  tracks  with  the  standard  gauge  of  4  ft.  11  in. 

The  rails  which  carry  the  crane  itself  are  placed 
at  a  distance  of  5  ft.  11  in.  on  either  side  of  the  or- 
dinary track,  so  that  the  gauge  of  the  track  of  the 
crane  is  28  ft.  2.6  in.  The  height  of  the  opening 
is  such  that  locomotives  and  the  largest  loaded 
cars  can  pass  beneath,  so  that  the  crane  can  lift  any- 
thing which  can  come  on  to  the  quay  without  op- 
posing any  obstacle  to  the  movement  of  the  rolling 
stock  and  without  cramping  the  space  which  could 
otherwise  be  utilized.  The  motive  power  used  is 
steam  from  the  crane  engine  ;  and  the  capstans, 
which  are  also  driven  by  steam,  are  fitted  to  the 
frame  for  the  purpose  of  handling  loaded  or  emp- 
tied cars.  The  following  is  the  method  of  opera- 
tion :  As  soon  as  the  car  is  caught  in  the  cradle 
which  is  suspended  to  the  lifting  chain,  they  at- 
tach the  chain  which  controls  the  tumbler.  The 
drums  are  then  started  and  the  car  is  raised  to  the 
desired  height  ;  the  brake  is  applied  to  the  drum 
of  the  traveling  chain  and  the  other  chain  is  slack- 
ened off.  The  car  is  thus  held  by  the  back  side 
and  the  contents  are  discharged  ;  ihen  the  car  is 
placed  upou  the  track  for  empty  cars.  The  oper- 
ation of  turning  and  raising  takes  place  at  the  same 
time,  and  requires  three  minutes  to  raise  a  car  per- 
fectly, regardless  of  its  capacity.  The  engraving, 
fig.  4,  which  is  herewith  given,  shows  the  traveling 
Appleby  Crane. 

At  present  there  are  some  arrangements  used  in 
France  in  the  Department  of  the  North  of  Calais, 
including  the   immense   coal   basin,    which   com- 
prises, as  we  know,  one-thirtieth  of  the  conces- 
sions, and  the  annual  production  of  which  is  given  in  their 
report  as  more'than  1,000.000  tons.  The  transportation  by  canal 
being  cheaper  than  by  railroad,  some  companies,  and  these  the 
most  important,  have  made  a  connection  between  their  docks 
and  the  canals  ;  the  Lens  Company,  as  well  as  the  Noeux- 
Bruay  companies,  have  built  loading  wharves  for  their  coal  ; 
and  this  latter,  after  having  been  loaded  on  cars  at  the  mines, 
is  hauled  to  a  point  near  the  docks  and  unloaded  into  boats  by 
means  of  tumblers  and  cranes. 

The  mechanism  used  must  satisfy  the  following  conditions  : 
To  unload  the  coal  without  a  shocis  being  given  to  any  part 
of  the  boat,  and  still  keep  it  in  the  uniform  merchantable  con- 
dition ;  second,  to  reduce  the  work  of  leveling  off  as  much  as 
possible— that  is  to  say,  the  redistribution  of  the  coal  down  to 
a  suitable  deck  level  after  the  loading  ;  third,  to  work  rapidly. 

Tin-  ,1/i  ehanisms  of the  Societe  Oharbonniere  de  Lens  (Figs.  5  to 
8). — The  different  points  of  this  coal  handling  station  are  con- 
nected to  the  coal-loading  station  by  a  network  of  tracks  hav- 
ing a  total  length  of  more  than  12.4  miles,  and  which  include 
more  thin  one-half  the  tracks  about  the  station.  They  run 
along  the  dock  for  a  distance  of  903  ft.  There  are  50  hoppers 
distributed  along  the  railroad,  over  which  the  coal  cars  are  sta- 
tioned and  the  contents  of  which  arc  dumped  into  the  hop- 


pers ;  a  machine  with  a  circular  crane  on  a  parallel  track  suc- 
cessively lifts  each  car.  The  whole  of  the  system  includes, 
first,  a  hopper  used  as  an  intermediate  between  the  car  and  the 
vessel  ;  second,  a  special  machine  equipped  with  a  crane  in- 
tended for  raising  the  body  of  the  cars.  A  word  of  explana- 
tion is  necessary  regarding  each  of  these  twTo  installations. 
First  the  hopper  :  each  hopper  may  be  considered  as  composed 
of  a  fixed  and  movable  portion.  The  fixed  portion  is  com- 
posed of  cast-iron  plates  fastened  to  the  masonry  wall  of  the 
wharf  by  means  of  pieces  of  wood  built  into  the  mason  work. 
This  fixed  portion  narrows  down  toward  the  edge  of  the  wharf 
and  has  two  inclinations.  At  the  top  it  is  42°,  and  toward  the 
bottom,  where  the  inclination  is  the  greatest,  it  is  50°.  The 
movable  portion  includes  a  shute  and  a  neck.  The  shute  is 
formed  of  sheet  metal,  and  is  arranged  so  that  it  can  be  fixed 
at  different  inclinations,  in  order  to  regulate  the  height  of  the 


Fig.  2. 
HYDRAULIC  KOLENTIP  AT  ROTTERDAM,  HOLLAND. 

fall  of  the  coal  from  the  hopper  into  the  boat,  in  order  that  the 
coal  may  not  be  broken  or  injure  the  boats.  The  neck  is 
pivoted  at  the  end  of  the  shute  and  can  be  put  in  different 
positions,  permitting  the  distribution  of  the  coal  along  the 
whole  length  of  the  vessel.  A  sluice  gate  closes  the  opening 
of  the  fixed  hopper  when  the  boat  is  not  ready  to  receive  its 
load  at  once.  Counterweights  balance  the  weight  of  the  mov- 
able shute,  and  thus  make  its  manipulation  easy. 

Methods  of  Transportation.— The  Societe  de  Charbonniere  de 
Lens  uses  single  box  cars,  which  have  been  found  to  be  par- 
ticularly satisfactory.  The  box  of  these  cars  is  made  of  iron, 
and  stands  directly  on  the  frames;  the  capacity  of  the  box  is 
limited  transversely  by  pieces  fastened  to  the  car's  sills,  which 
abut  directly  against  the  longitudinal  sills  of  the  car.  The 
sides  of  the'  car  are  movable  ;  the  center  is  formed  of  two 
panels  opening  vertically,  and  the  ends  can  swing  about  a 
horizontal  hinge  fastened  to  the  upper  portion  of  the  box. 
The  opening  c'f  the  doors  at  the  level  of  the  frame  is  provided 
for. 

Motor  Apparatus. — The  motor  apparatus,  as  we  have  already 
said,  is  a  supplementary  steam  crane  placed  alongside  of  the 
machine  to  which  it  is  attached.  The  boom  of  this  crane  is 
surmounted  by  a  pulley  over  which  a  chain  passes  which  has 


70 


THE    AMERICAN    ENGINEER 


[February.  1894. 


a  hook  at  one  end  intended  to  catch  beneath  the  box  of  the  car 
and  raise  it  when  steam  is  admitted  into  the  cylinder  of  the 
crane.  The  manipulation  of  this  mechanism  is  as  follows  : 
The  machine,  after  having  placed  the  loaded  cars  on  the  track 
alongside  the  hoppers,  runs  out  on  a  parallel  track  and  stops 
consecutively  opposite  each  car.  The  hook  of  the  crane  is 
placed  beneath  the  box.  The  side  parts  are  set  free  from  the 
sides  of  the  hoppers,  and  then  the  crane  is  set  at  work  and  the 
box  is  inclined,  and  the  side  doors  opened  so  that  the  coal  is 


of  the  crane  takes,  and  the  arrangement  of  the  axis  of  rotation 
contribute  to  give  sufficient  stability  to  the  whole  of  the  car. 
With  the  Lens  apparatus  300  tons  of  coal  can  be  loaded  per 
hour.  Figs.  5  to  8  also  show  an  arrangement  which  has  been 
adopted  by  the  Lens  Company  for  turning  coal  cars  into  the 
tilting  barrels  which  are  to  transport  it.  This  method  of  un- 
loading coal  can  be  used  at  important  points  where  the  level  of 
the  track  is  located  above  tbatupon  which  the  tilting  cars  are 
run. 
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Fig.  4. 
APPLEBY  TRAVELING  CRANE,  JAMES  WATT  DOCK,  GREENOCK,  ENGLAND. 


dumped  into  the  fixed  hopper.  After  having  lowered  the  box 
into  its  place,  the  machine  is  advanced  to  a  point  opposite  an- 
other car.  and  the-  same  operation  repeated.  When  the  coal 
is  to  be  dumped  from  the  fixed  hopper  into  the  boat  it  is  mere- 
ly necessary  to  open  the  gate  which  is  flush  with  the  wall  of 
the  wharf, 'and  the  coal  is  allowed  to  run  down  into  the  mov- 
able shute  and  from  thence  into  the  neck  ;  by  working  the 
.■ralis  located  on  the  top  of  the  wall  of  the  wharf,  whence  the 
neck  is  so  handled  as  to  distribute  coal  conveniently  into  the 
boat.  The  raising  of  the  single  box  is  accomplished  without 
any  difficulty  whatever  ;  the  oblique  direction  which  the  chain 


EXTRACTS  OF  THE  REGULATIONS  FOR  THE  USE  OF  TnE  COAL 
TIP  AT  ROTTERDAM. 

The  length  of  the  cars,  measured  between  ends  of  the  buff- 
ers, must  not  be  more  than  28  ft.  10.5  in.,  and  the  outside  pro- 
jections on  either  side  must  not  be  more  than  4  ft.  10.8  in.  from 
the  center  of  the  track.  The  weight  of  the  loaded  cars  must 
not  be  more  than  39,690  lbs.  The  cars  must  be  provided  with 
an  opening  which  is  easily  opened  and  runs  their  whole  length. 
Cars  which  do  not  fulfil  the  above  conditions  cannot  be  run  on 
the  tip  without  special  permissionfrom  the  Superintendent. 
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„  The  fee  of  $.05  per  ton  will  be  exacted  for  the  use  of  the 
tip.  This  fee  presupposes  the  delivery  of  the  cars  at  a  point 
indicated  by  the  Superintendent  or  his  subordinates  and  situ- 
ated near  the  tip,  the  running  of  the  cars  on  to  the  platform, 
the  opening  of  the  side  doors,  the  tipping  and  replacing  the 
emptied  cars  on  a  near  by  track.  For  emptying  cars  whose 
dimensions  exceed  those  laid  down  in  the  above  conditions,  the 
Superintendent  is  empowered  to  increase  the  fee  up  to  50  per 
cent.,  according  to  circumstances.  The  charge  for  weighing 
a  car  on  the  scales  of  the  track  near  by  will  be  $.12  per  ton  of 
net  weight  with  a  minimum  charge  of  $.73.  The  net  weight 
is  to  be  obtained  by  deducting  as  tare  the  weight  marked  on 
each  car.  A  memorandum  will  be  given  on  demand  of  the 
total  weight   thus  handled.     Detailed  certificates  of  weight 


COMPOUND    MOGUL   FREIGHT   ENGINE    BUILT 
BY  THE  PITTSBURGH  LOCOMOTIVE  WORKS. 


Among  the  locomotive  exhibits  at  the  Chicago  Exposition 
were  five  built  by  the  Pittsburgh  Locomotive  Works,  of  Pitts- 
burgh, Pa.  One  of  them  was  a  compound  mogul,  illustrations 
of  which  we  give  on  the  two  following  pages.  The  weight  of 
the  engine,  which  is  116,200  lbs.  in  working  order,  of  which 
100,500  lbs.  is  on  the  driving-wheels,  is  an  exemplification  of 
the  tendency  of  modern  construction  toward  the  higher  weights, 
in  order  to  obtain  the  adhesion  necessary  for  hauling  the  heavy 
trains  whichVire  demanded  by  the  department  of  transporta- 
tion. 
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MECIIANISMS  .OF^THE  [SOCIETE;  CI1ARBONNIERE  ;OP  LENS. 


will  be  delivered  to  interested  parties  on  the  payment  of  a  fee 
of  $.02  per  car  with  a  minimum  charge  of  $.24. 

The  commune  assumes  no  responsibility  for  accuracy  of 
weighing  or  certificates.  The  above  fee  includes  the  use  of 
the  crane  belonging  to  the  tip  for  evening  off  the  ballast  in  a 
boat  at  the  beginning  of  the  loading,  provided  the  ballast  does 
not  exceed  6  per  cent,  of  the  total  quantity.  The  Superinten- 
dent is  allowed  at  the  request  of  interested  parties  to  allow  this 
maximum  to  be  exceeded,  but  if  this  is  done  a  supplementary 
charge  of  $.07  per  ton  will  be  charged  for  this  work.  If  the 
crane  is  used  in  the  handling  of  the  coal  it  is  at  the  risk  of  the 
interested  parties.  The  minimum  charge  for  the  use  of  the  tip 
is  placed  at  $2.92.  The  fees  shall  be  increased  30  per  cent, 
for  the  use  of  the  tip  at  night,  and  on  Sundays  and  holidays 
the  minimum  charge  will  be  exacted  when  the  tip  has  been 
engaged  but  not  used. 


The  engravings  which  we  present  give  a  front  and  rear  ele- 
vation with  a  cross-section  through  the  cylinders,  and  in  a 
future  issue  we  hope  to  be  able  to  give  a  detailed  illustration 
of  the  starting  mechanism  which  is  peculiar  to  these  com- 
pounds. The  diameter  of  the  high-pressure  cylinder  is  the 
same  as  that  of  the  English  and  American  locomotives  which 
we  have  been  illustrating  in  detail  during  the  past  year,  and 
the  stroke  is  the  same  as  that  of  the  English  engine.  In  mak- 
ing a  comparison  between  the  details  of  the  compound  anil 
that  of  the  English  engine,  we  find  that  the  size  of  the  high- 
pressure  steam-ports  is  H  in.  X  20  in.,  while  those  of  the  two 
engines  to  which  reference  has  been  made  are  18  in.  X  1±  in. 
for  the  American  engine  and  16  in.  X  If  in.  for  the  English. 
Hut  it  must  lie  remembered  that  we  are  here  comparing  a  freight, 
compound  with  two  typical  express  engines,  so  that  while  the 
cylinder  capacities  are  practically  the  same,  the  amount  of 
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port  opening  which  is  given  to  the  three  engines  under  work- 
ing conditions  is  very  much  less  for  the  express  engines  than 
for  the  freight,  while  the  weight  of  the  freight  engine  is  almost 
exactly  an  arithmetical  mean  between  the  two  express  engines. 
In  the  construction  of  the  boilers  the  riveting  of  the  English 
engine  is  quadruple  for  both  longitudinal  and  circumferential 
seams  ;  for  the  American  express  engine  it  is  sextuple-riveted 


FRONT  KLEVATION  AND  SECTION  OF  SMOKE-BOX. 


CROSS-SECTION  THROUGH  CYLINDERS. 


for  the  horizontal  seams  and  double-riveted  for  the  circumfer- 
ential, and  this  latter  is  the  type  of  riveting  which  is  also  used 
on  the  Pittsburgh  freight.  From  3*  in.  to  4  in.  may  be  taken 
as  standard  thicknesses  of  the  water  legs,  although  the  En_  - 
has  but  3  in.  at  the  front  and  back,  while  the  "American  ex- 
press engine  has  3  in.  at  the  sides  and  back. 
Regarding  the  details  of'the  valve-motion,  it  is.'of  course, 


REAR  ELEVATION  AND  SECTION  THROUGH  FIRE-BOS. 

useless  and  unprofitable  to  make  a  comparison,  because  the 
services  for  which  the  engines  have  beer  b       I  are  so  en- 

tirely different.     The  following  is  a  list  of  tin-  dimensions  of 
the  various  details  of  the  engine  : 

WEIGHT  AND  GENERAL  DIMENSIONS. 

Gange  of  road 

Actual  total  weight  of  locomotive  in  workir.j                    aid- 
ing two  men I1G£00  it*. 

Tot3l  weight  on  driving-wheels  10Q.500  lbs. 

wheel-base ay  10' 

Distance  between  front  and  back  driving 

from  center  of  main  driving-wheels  to  cet ' 

cylinders 

.    i  of  mtiD  connecting-rod  from  center  to  center  of 

journals "  ' 

Transverse  distance  from  the  center  of  one  cylinder  to  the 
centerof  the  other 7'    f 


CYLINDERS.  VALVES.  ETC. 

Diameter  of  L.  P.  cylinder  and  stroke  of  piston 

of  HP.     " 

Horizontal  thickness  of  piston  over  piston-head  and  fol- 
lower-plate  

Jerome  metallic  piston-packing 

Diameter  of  L.  P.  piston-rod 

■HP.         •       -  

Size  of  L.  P.  steam  port 

■    '  H.  P.        "  

"  ■■  L.  P.  exhaust  port 

-  travel  ol  L.  P.  slide  valve 

H.  P.      '        "     

Outside  lap  of  L.  P  slide  valve 

H.  P.     ••         ■      

Inside  clearance  of  L.  P.  slide  valve 

-  H    P.     '•  

Lead  of  L.  P.  slide  valve  in  full  stroke 

H.  P.        

Throw  of  upper  end  of  reverse  lever  from  fu 
to  full  gear  backward,  measured  on  tbe  chord  of  the  arc 
of  its  throw 


29-  X  SB" 

6- 
i 

<  SO" 

3" 

- 

r 
■ 

v 

»  • 

A" 


74 


THE    AMERICAN    ENGINEER 


[February,  1894. 


WHEELS,  ETC. 

Diameter  of  driving-wheels  outside  of  tires  —  4'    6" 

"        "trnck-weels 2'    6' 

Size  of  main  driving-axle  journal,  diameter  and  length 8'      X  9 

"    "other '            "           "       "        8-      X  9' 

"    "  truck-axle  journals,  diameter  and  length 5"      X  9" 

"    "  main  crank-pin  journals,  diameter  and  length     t»"     x  5" 

'    coupling-rod  journals,  diameter  and  length  .. .  4K'  X  6" 

'•    "other              "              " 3t$"  X  4)4' 

Length  of  driving  springs  from  center  to  center  of  bangers.  3'    1" 

BOILER. 

Description  of  boiler Reduced  shell. 

Inside  diameter  of  smallest  boiler  ring 4'  ]n 

Barrel  of  boiler Steel. 

Thickness  of  plates  in  barrel  of  boiler ;:,   and  ?.' 

Horizontal  scam- Butt  joint,  double  lap,  sextuple -riveted. 

Ciroumfercntial  seams Double  riveted. 

Tubes Iron. 

Number  of  tubes 'Zii 

Diameter  of  tubes  outside     2" 

Distance  between  center  of  tubes  23£' 

Length  of  tubes  over  tube-plates 10' and  10; 

"         "fire-box  9' 

Width  of  lire-box 2'    8&" 

Depth  of  tire-box.  front 6' 

"        "         bark 5' 

Water  space  side  of  fire-box 4* 

"       "     back  of  fire-box 3H" 

"       "     front  of  fire-box  4" 

Outside  shell  of  fire-box  Steel. 

Thickness  of  plates  of  outside  shell  of  fire-box '," 

Material  of  inside  fire-box Steel. 

Thickness  of  plates  inside  of  fire  box W 

"        "    hack  end  of  fire-box 

"        "  crown  plate  ?$" 

Tube  plates Steel. 

Thickness  of  front  tube  plates 'A' 

"  back    "       "      Vt 

Crown  plate. Radial  stayed. 

Diameter  of  dome 2'    ti' 

Heightofdome 2'    2" 

Maximum  working  pressure  per  sq.  in 15' 

1. rate  Rocking. 

Width  of  bars  over  fingers. 1'    2" 

Width  of  opening  between  bars 5i" 

(irate  surface 24.2sq.  ft. 

Heating  surface  in  fire-box 161  sq.  ft. 

"  "       of  the  Inside  of  tubes 1,311     " 

Total  heating  surface 1.472    " 

Nozzle ...Single  blast. 

Diameter  of  blast  nozzle 5" 

Smallest  inside  diameter  of  chimney..     1'    33£" 

Height,  from  top  of  rails  to  top  of  chimney .14'    7" 

"  "       "  "    "      "    center  of  boiler 7'    7" 

TENDER  OR  TANK. 

Weight  of  tender,  empty 28,800  lbs. 

Number  of  wheels  under  tender 8 

Diameter  of  tender  wheels 2'     7" 

Size  of  journals  of  tender  axles,  diameter  and  length 4)4"  X  8" 

Total  wheel  base  of  tender 15'    0" 

Distance  from  center  to  center  of  trnck-wbeels  of  tender, . .     .">'    1" 

Water  capacity  of  tank  (in  gallons  of  231  en.  in.)  3,r,00. 

Coal  capacity  of  tender  or  fuel  bin 7tons. 

ENGINE  AND  TENDER. 

Total  wheel  ba«e  of  engine  and  tender In'     i 

■•     length  of  engine  and  tender  over  all 59'    414" 


COMPARISON     OF     ENGLISH     AND     AMERICAN 

LOCOMOTIVES  IN   THE   ARGENTINE 

REPUBLIC. 


THE  following  extracts  are  from  :i  report  made  to  the  Presi- 
dent of  the  Department  of  Engineers  of  the  Argentine  Repub- 
lic by  Juan  J.  Elordi,  Mechanical  inspector  : 

"  In  compliance  with  the  President's  mandate  we  take 
pleasure  in  making  our  report  respecting  the  reasons  which 
have  caused  this  department  I..  affirm  thai  tin-  rolling  stock  of 
the  Southern  Railway  is  not  suitable  for  the  service  intended. 

"  To  enable  US  l'>  expose  lie-  defects  more  (dearly,  we  have 
found  it  necessary  to  make  a  comparative  study  of  this  ami 
the  rolling  stock  from  the  United  Slates,  owned  by  the  West- 
ern  Railway,  which    was   acquired   when   this   enterprise  was 

the  property  of  the  State. 

"  All  the  rolling  stock  of  tie-  Southern  Railway  was  manu- 
factured in  England.  As  regards  quality  of  material  and  its 
strength,  it  is  all  that  could  he  desired  ;  hut.  the  builders  did 
not  take  into  account  the  character  of  road  lied  and  track 
on  which  it  was  to  run,  and,  therefore,  made  it  too  heavy  and 
the  wheel  base  too  rigid. 

"The  locomotives  might  run  well  enough  on  European 
roads  which  are  substantially  buill  and  well  ballasted  ;  hut 
such  is  not  the  case  in  this  province,  where  most  of  the  rail 
ways  are  built  on  loose  soil,  especially  those  of  this  company, 

md  subject  lo  frequent  inundations. 

"  The  result  is  a  large  increase  in  the  cost  of  maintenance 
of  way  and  repairs  to  rolling  stock,  and  consequently  a  heavier 


burden  on  the  income  of  the  road  and  a  proportionate  reduc- 
tion of  interest  on  capital. 

******* 

"  Class  5. — These  locomotives  were  intended  for  the  express 
trains  running  between  Buenos  Ayres  and  Mar  del  Plata,  but 
the  results  of  their  trial  trips  were  so  unsatisfactory  that  the 
Company  was  compelled  to  use  them  for  ordinary  passenger 
service.  .  .  .  They  have  a  single  driving  axle  (Crampton 
system),  and  the  adhesive  weight  upon  it  is  29,392  lbs.,  or 
14,696  lbs.  upon  each  wheel.  This,  even  with  a  working 
pressure  of  Kit)  lbs.  per  square  inch,  is  insufficient  to  obtain 
the  adequate  tractive  power. 

"  Practical  experience  has  demonstrated  that  the  locomotives 
built  for  this  service  should  have  two  coupled  axles,  and  an 
average  weight  of  not  less  than  8  tons  upon  each  wheel,  to 
afford  adequate  tractive  power.     .     .     . 

"  Examining  the  weight  of  the  locomotive,  the  unequal 
distribution  upon  each  axle  will  be  noticed,  and  the  effects  of 
this  will  be  noticeably  injurious  to  the  permanent  way.  .  .  . 
"  Class  6.— Of  all'  the  locomotives  owned  by  the  Company 
these  are  the  most  suitable  for  the  road,  but  even  these  show 
the  weight  imperfectly  distributed,  there  being  an  excess  of 
more  than  10,373  lbs.  on  the  bogie.  The  system  of  supports 
is  inferior.  While  the  absence  of  equalization  permits  of  re- 
placing the  springs  more  readily,  it  has  the  disadvantage  of 
making  it  impossible  to  distribute  the  shock  due  to  the  in- 
equalities of  track.  They  have,  moreover,  a  swing  bar  which 
connects  the  two  fore-springs — a  system  that  has  been  aban- 
doned owing  to  its  inefficiency. 

"The  excessive  pressure  at  which  the  boilers  are  worked 
necessitates  frequent  and  important  repairs,  such  as  the  re- 
newal of  most  of  the  tubes  and  stacks.  The  tube-plates  and 
the  fire-boxes  are  destroyed  in  a  short  time,  notwithstanding 
the  good  quality  of  the  material,  owing  to  the  high  pressure 
of  160  lbs.  per  square  inch,  although  higher  pressure  should 
be  admissible  without  doing  injury. 

"  All  this  is  well  proven  by  the  cost  of  repairs,  which 
amounts  in  two  years  to  the  sum  of  $1,800  gold. 

"  Compound  Class. — It  is  evident  that  this  system  of  loco- 
motives for  passenger  trains  was  adopted  without  proper  con- 
sideration of  the  conditions  of  service.  Their  greater  weight, 
as  compared  witli  the  high-pressure  locomotives,  the  repairs 
required  by  them,  the  qualifications  of  the  men  who  were  to 
run  them,  should  have  been  taken  into  account.     .     .     . 

"  How  small  the  economy  of  fuel  realized  in  these  over  the 
consumption  of  the  high-pressure  locomotives  may  be  seen 
by  comparing  the  consumption  of  the  latter  with  that  of  the 
locomotives  of  the  Class  6. 

"  The  distribution  of  weight  of  (his  type  is  also  very  un- 
equal, making  a  difference  of  over  13,466  lbs.  in  excess  upon 
the  bogie — a  very  notable  excess,  since  the  average  weight  per 
square  centimeter  of  surface  of  the  road  is  638  lbs. 

"  The  pressure  required  in  the  boilers  of  these  locomotives 
is  175  lbs.  per  square  inch,  this  being  necessary  to  obtain  use- 
ful work  ;  but  this  has  the  inconvenience  of  necessitating  con- 
tinuous and  serious  repairs  to  the  boiler.  The  journal  boxes 
are  repaired  and  replaced  very  frequently  owing,  to  the  rigid- 
it}'  of  the  springs,  and,  as  if  this  were  not  enough,  the  cylin- 
ders are  very  easily  striated,  according  to  the  engineers  of  the 
Company,  by  the  heavy  weight  of  the  piston,  but  due,  in  our 
opinion,  to  a  blunder  of  construction  which  prevents  the  stem 
or  rod  of  the  piston  from  keeping  its  center  in  relation  to  the 
axis  of  the  cylinder.  The  intercepting  valve  with  which 
these  locomotives  are  fitted  and  which  helps  them  to  start 
with  the  low-pressure  cylinder  in  case  the  piston  of  the  high- 
pressure  cylinder  is  at  the  dead  point,  must  work  automati- 
cally— that  is  to  say,  it  must  put  the  boiler  in  communication 
with  the  low-pressure  cylinder  when  the  locomotive  stops  by 
means  of  a  small  auxiliary  pipe.  But  it  happens  that  it  never 
works  with  regularity,  and  we  have  noticed  in  many  cases 
that  it  requires  from  8  to  10  minutes  to  start  the  train,  having 
to  back  or  reverse  in  order  to  effect  this,  a  circumstance  which 
generally  causes  the  breaking  of  the  traction  hooks  and  bars, 
without  taking  into  account  the  annoyance  to  the  passengers 
from  the  heavy  .jerks,  or  tin'  delays  occasioned  by  the  time 
required  to  take  out,  the  damaged"  vehicles  and  transfer  the 
passengers.     .     .     . 

"  These  locomotives  can  only  be  examined  from  the  stand- 
point of  their  Weight  and  the  bad  distribution  of  same.  .  .  . 
"  Class  7.  Com/pound  .1.— These  locomotives  have  the  same 
defects  as  those  of  (  hiss  6,  but  in  the  consumption  of  fuel  they 
are  worse.  The  distribution  of  the  load  over  the  axles  is  very 
unequal,  there  being  in  this  case  a  difference  of  over  7,508  lbs. 
mure  on  the  bogie,  the  load  being  the  heavier,  as  it  has  only 
one  axle.  In  these,  as  in  the  previous  ones,  the  repairs  are 
very  expensive,  as  may  be  seen  from  the  detailed  data  given 
above. 
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"  Most  of  the  cars  of  the  Southern  Railway  have  three  axles 
and  are  very  heavy,  especially  the  sleeping-cars,  which  have 
a  dead  weight  of  3,113  lbs.  per  passenger.  The  last  cars  re- 
cently placed  in  service  consist  of  two  classes  of  parlor  cars, 
having  each  four  axles  on  two  bogies  ;  but  these  are  also  very 
heavy  compared  with  the  American  cars.     .     .     . 

"  The  passenger  vehicles  acquired  might  form  a  museum, 
such  is  the  assortment  of  different  models,  only  the  difference 
in  their  outlines  amoDg  the  most  modern  being  very  remark- 
able. The  first-class  parlor  cars  (Class  L  i)  lately  arrived  have 
very  narrow  lateral  doors,  are  very  heavy,  and  in  the  interior 
decorations  there  is  a  censurable  profusion  of  mirrors,  which 
will  be  easily  broken  or  scratched,  thus  requiring  frequent 
renewals.  It  would  have  been  more  dignified  and  economical 
to  have  used  veneered  wood  in  their  stead. 

"  The  sleeping  cars  (Class  F  4),  besides  being  heavy,  have 
an  unpleasant  movement,  and  if  to  this  the  bad  condition  of 
the  road  is  added,  we  can  easily  imagine  the  annoyance  to  the 
passengers.  The  beds  or  berths  are  very  narrow,  and  with 
the  heavy  jerks  of  the  car  it  is  almost  impossible  to  remain  in 
them. 

ii  "  The  seats  in  the  second  class  cars  (Class  L  3)  are  not  in 
accordance  with  the  provisions  of  Article  58  of  the  '  Decreto 
Reglamentario  '  of  the  Railway  Law,  which  provides  that 
each  passenger  should  be  furnished  with  a  seat  194  in.  wide 
in  front  and  154  in.  deep.  Instead  of  this  a  seat  is  placed  on 
one  side  for  three  passengers,  measuring  only  54£  in.  in  front, 
and  another  on  the  other  side  for  two  passengers  measuring 
35i  in.  in  front.     .     .     . 

SI.EEPIXG-CAKS. 

' '  The  President  has  been  able  to  appreciate  correctly  the  good 
conditions  of  these  cars  as  regards  their  running  and  the  com- 
forts they  offer  ;  however,  it  would  be  advisable  to  indicate 
to  the  Company  how  advantageous  it  would  be  to  give  to  the 
beds  of  the  large  compartment  the  whole  width  of  the  seat 
(1  meter),  as  those  of  the  American  cars  ;  it  would  be  also 
desirable  to  suppress  the  lavatory  at  the  end  of  the  car,  and  to 
leave  only  the  water  closet,  adding  to  it  a  urinal,  and  arrange 
the  doors  so  that  they  should  not  make,  as  they  do  now,  that 
noise  which  is  so  annoying  to  the  passeDgers.  For  the  rest 
we  find  the  reform  highly  practical,  and  it  shows  a  perfectly 
well-finished  work. 

"  The  idea  of  reforming  the  three-axle  sleeping  cars  so  as  to 
make  one  car  out  of  every  two  cars,  by  erecting  or  support- 
ing it  on  bogies,  deserves  the  full  approbation  of  this  section, 
saving  the  little  defects  mentioned  in  the  preceding  paragraph. 

AMERICAS    ROLLING    STOCK. 

"  The  American  rolling  stock  is  much  more  suitable  for  our 
roads,  because  of  the  similarity  in  the  construction  and  the 
nature  of  the  ground  of  the  United  States  and  our  country, 
and  because  of  its  simplicity,  reduced  weight,  and  improved 
system  of  equalization.  Moreover,  it  costs  less,  and  necessi- 
tates much  less  expense  for  keeping  it  in  repair  than  the 
European  stock. 

"  The  American  locomotives  owned  by  the  Western  Rail- 
way, which  were  acquired  when  this  road  was  the  property 
of  the  State,  by  the  engineers  Messrs.  Miguel  Tedin  and  Louis 
Rapelli,  are  10  for  rapid  trains,  eight  for  freight  trains,  and 
12  for  switching,  and  were  built  at  the  Baldwin  Locomotive 
Works,  of  Philadelphia,  in  1889.  The  same  works  built  in 
1"4,  30  locomotives  for  mixed  trains  for  the  railway  of  this 
province. 

"  The  construction  of  these  60  locomotives,  notwithstand- 
ing their  simplicity,  is  first  class,  except  in  a  few  small  details, 
which  by  no  means  affect  their  good  conditions  for  service. 
The  30  locomotives  for  mixed  trains  have  withstood  very 
severe  tests  during  the  period  when  the  railway  had  not  the 
number  necessary  for  its  service,  as,  notwithstanding  the  ex- 
cessive amount  of  work  imposed  upon  them,  the  results  have 
been  very  satisfactory  and  economical. 

AMERICAN   LOCOMOTIVES. 

"  Class  11.— (By  the  Baldwin  Locomotive  Works.  1884.)— It 
would  suffice  to  compare  the  above  data  [not  given  here]  with 
those  of  the  Southern  Railway  locomotives  to  realize  the  supe- 
riority of  these  locomotives  as  regards  the  good  distribution 
of  the  weight,  cost  of  engine,  and  cost  of  repairs, 

"  The  repairs  they  require  are  inconsiderable  ;  their  boilers 
continue  in  perfectly  good  condition,  and  in  nine  vears'  ser- 
vice it  has  been  only  necessary  to  renew  the  tubes  of  15  loco- 
motives, the  fire-boxes  and  the  tube  and  boiler-plates  being 
in  good  condition.  The  system  of  equalization  is  superior, 
having  equalized  levers  to  connect  the  springs  on  each  side, 


and  the  results  have  been  good,  even  at  a  time  when  the  road 
was  in  a  bad  condition. 


"  Class  14.— (By  the  Baldwin  Locomotive  Works,  1889.)— 
In  tractive  power  the  American  locomotives  are  first-class,  and 
with  trains  composed  of  25  parlor  cars  they  have  developed  a 
speed  of  50  to  60  kilometers  an  hour,  and  a  higher  speed  could 
have  been  attained,  had  it  been  desired  and  had  the  state  of 
the  road  permitted.  The  distribution  of  the  weight  over  the 
axles  is  even  in  all,  and  this  is  one  of  the  good  features  com- 
bined in  them.  So  far  their  boilers,  during  their  three  years' 
service,  continue  in  a  perfect  state  of  preservation.  The  re- 
pairs they  have  to  undergo  are  inconsiderable  and  confined 
only  to  the  renewal  of  the  bearings  and  the  turning  of  the 
tires. 

"  Class  15.— (By  the  Baldwin  Locomotive  Works,  1889.)— 
These  locomotives,  like  the  preceding,  are  very  good  ;  their 
work  and  preservation  are  unsurpassed  in  good  results.  The 
weight  on  the  axles  is  also  even  in  all  of  them,  this  being  one 
of  their  best  features  for  our  roads. 

"  It  may  be  concluded,  from  all  the  data  furnished  in  this 
report,  that  the  Southern  Railway  locomotives  are  but  iron 
masses,  entirely  injurious  to  the  roads  and  interests  of  the 
Company,  and  that  a  large  part  of  its  rolling  stock  is  unneci  -- 
sary  for  the  service  of  its  lines,  as  neither  the  condition  of  its 
road  nor  the  necessities  of  its  traffic  require  it.     .     .     . 

"  So  unfavorable  has  been  the  result  of  the  compound  loco- 
motives (Class  6  A)  that  it  was  necessary  to  withdraw  them 
from  the  Mar  del  Plata  service  last  summer,  and  to  use  in  their 
place  the  freight  locomotives,  owing  to  the  tractive  power  of 
the  former  being  less  than  was  required.  We  think  that  the 
foregoing  report  is  sufficiently  specific  to  enlighten  the  Presi- 
dent, and  to  justify  us  in  asking  him  to  decree  that  no  com- 
pany be  allowed  in  future  to  import  in  this  country  their  loco- 
motives without  first  presenting  and  submitting  their  plans  to 
the  approbation  of  this  Department. 

CARS. 

"  It  will  suffice  to  cite  the  principal  features  of  the  Ameri- 
can cars  to  establish  their  superiority  over  those  built  in  Eng- 
land. As  the  outside  of  the  former  is  all  made  of  first-class 
white  pine,  their  cost  is  reduced  without  sacrificing  their 
strength,  and  they  are  made  lighter  thereby." 

[Here  follows  a  description  giving  the  weights,  capacity, 
number  of  axles,  and  cost  of  the  different  classes  of  American 
cars,  which  is  not  reprinted.] 

"  The  preservation  of  this  rolling  stock  is  very  economical, 
and  they  are  now  in  perfect  condition  after  four  years'  ser- 
vice. The  dead  weight  per  passenger  is  one-half  less  than 
that  of  the  English  cars,  excepting  the  sleeping  cars,  in  which 
the  difference  is  only  of  913  lbs.,  having  four  axles  instead  of 
three,  as  the  others  have.  The  system  of  bogies  is  the  best  for 
our  roads,  because  having  no  lateral  movement  they  do  not 
injure  the  road  ;  whereas  those  having  three  axles  require 
said  movement  to  run  over  the  curves. 

"  Trusting  that  we  have  fulfilled  the  task  imposed  upon  us 
to  the  satisfaction  of  the  President,  we  respectfully  salute  him. 
(Signed)  "  Juan  J.  Elordi, 

"  Mechanical  Inspector. 

"  FCO.  ESTEVF.S, 

"  General  Sub-Inspector." 

Of  the  above  it  may  be  said  that  the  English  builders  of  the 
locomotives  and  cars  could  have  made  machines  and  vehicles 
better  adapted  to  the  requirements  of  the  roads  in  the  Argen- 
tine Republic,  but  the  fact  that  they  did  not  do  so  seems  to 
be  abundantly  shown  by  the  above  report.  The  fact  is  that 
the  requirements  of  our  American  railroads  have  resulted,  quite 
naturally,  in  the  evolution  of  a  system  of  rolling  stock  adapted 
to  their  environment.  The  conditions  existing  in  the  Argen- 
tine Republic  and  other  parts  of  South  America  resemble  much 
more  nearly  those  which  prevail  here  than  those  which  exi-t 
in  England,  therefore  quite  naturally  our  locomotives  are  bet- 
ter suited  to  the  roads  in  that  continent  and  other  new  coun- 
tries than  the  English  machines  are  without  modifications.  It 
has  been  said  that  doubtless  the  Lord  could  have  made  a  bel- 
ter berry  than  the  strawberry  had  He  chosen  to  do  so,  but 
apparently  He  did  not  so  choose,  and  therefore  the  strawberry 
maintains  its  pre  eminence.  So  it  may  be  said  that  the  Eng- 
lish builders  of  the  Argentinian  locomotives  and  ears  might  — 
perhaps —have  made  better  machines  than  they  sent  to  that 
republic,  but  apparently  they  did  not  choose,  or  did  not  know 
how  to  do  so,  and  therefore  the  united  scream  of  the  Ameri- 
can locomotive  and  the  American  eagle  has  again  silenced  the 
growl  of  the  British  lion  in  our  sister  republic  of  South 
America.     Hip,  Hip ! — Editor  Amerh  an  Engineer. 
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THE    NORWALK   COMPOUND 
AIR   COMPRESSOR. 


In  our  recent  issues  we  have  been  pub- 
lishing illustrations  of  several  types  of  hy- 
draulic and  pneumatic  hoists  for  machine 
shop  use.  On  another  page  of  this  issue 
we  publish  an  illustrated  description  of 
the  pneumatic  hoisting  arrangements  that 
are  in  use  in  the  New  Haven  shops  of  the 
New  York,  New  Haven  &  Hartford  Rail- 
road. The  use  of  compressed  air  is  meeting 
with  a  wider  and  wider  application  every 
year,  and  its  utilization  as  means  of  trans- 
mission of  power  has  been  widely  applied 
in  Paris,  and  it  is  probable  that  the  same 
means  will  be  used  at  some  of  the  plants 
at  Niagara  Falls.  As  the  pump  is  a  ne- 
cessity for  hydraulic  work,  so  the  air  com- 
pressor is  the  basis  from  which  this  pneu- 
matic work  must  start.  The  compressor 
which  we  illustrate  is  one  of  the  standard 
type  which  is  built  by  the  South  Norwalk 
Iron  Works,  of  South  Norwalk,  Conn., 
and  presents  some  novel  and  interesting 
features.  In  the  construction  of  this  com- 
pressor the  objects  aimed  at  were  to  make 
the  resistance  of  the  air  to  compression 
an  average  resistance  throughout  the 
stroke  instead  of  being  a  maximum  and 
excessive  resistance  at  the  end  ;  to  reduce 
the  losses  and  clearance  spaces  to  the 
smallest  possible  amount  by  having  the 
pressure  in  the  intake  cylinder  a  light  one, 
and  finally  to  have  the  advantages  of  two 
water  jackets  and  more  time  for  cooling 
the  air.  After  the  introduction  of  the 
compound  compressor,  in  which  the  larger 
cylinder  compresses  air  into  the  small  one, 
the  next  change  in  the  development  of  the 
construction  was  the  addition  of  an  inter- 
cooler  between  these  cylinders,  which  is 
shown  in  section  in  the  engraving  as  con- 
necting the  two  cylinders.  This  inter- 
cooler  consists  of  a  large  pipe  reservoir 
filled  with  thin  brass  water  pipes.  As  the 
air  passes  to  the  second  cylinder  it  be- 
comes divided  into  thin  streams  by  these 
pipes,  and  thus  every  portion  of  it  is 
brought  into  close  and  immediate  contact 
with  the  cold  surfaces  of  the  pipes,  and 
the  temperature  is  very  rapidly  reduced. 
In  addition  to  the  advantages  which  were 
obtained  from  the  mere  cooling  of  the  air 
and  the  consequent  avoidance  of  the  ex- 
cessive temperature  resulting  from  com- 
pression, it  was  found  that  this  inter- 
cooling  between  the  cylinders  produced 
economic  results  which  were  somewhat 
unexpected.  The  reason  for  the  economy 
obtained  is  that  when  compression  takes 
place  in  the  large  cylinder  the  air  is  heated, 
and  if  this  were  allowed  to  pass  directly 
to  the  compression  cylinder  it  would  fill  il 
with  air  at  a  given  temperature  and  vol- 
ume. Therefore,  if  this  temperature  is 
reduced  the  actual  volume  of  air  intro- 
duced into  the  second  cylinder  would  lie 
increased  and  the  capacity  of  the  machine 
correspondingly  augmented. 

lip  to  the  time  of  the  development  of 
this  machine  we  believe  that  all  of  the  inlet 
valves  were  of  the  poppet  type.  The 
change  was  made  by  first,  introducing  a 
Corliss  valve  for  the  inlet  valve.  These 
valves  were  opened  and  shut  in  connection 
with  the  main  engine,  and  no  vacuum  was 
required  in  the  air  compressor  to  insure 
their  working.  The  next  step  was  in 
making  a  direct  valve  connection  between 
a  return  crank  on  the  engine  and  the 
valves,  and  also  making  a  direct  connection 
between  the  openings  of  these,  valves  and 
a  conduit  which  came  in  beneath  the  floor 
from'[the  outside  atmosphere,  so  that  air 
which  was  naturally  as  cool  as  possible 
was  introduced  into   the  'first    cylinder, 
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thereby  avoiding  the  extra  temperature  which  would  nat- 
urally arise  when  air  is  taken  from  the  engine  room.  This 
change  alone  is  said  ,to  have  secured  a  saving  of  about 
1  per  cent.  „for  every  5°  lower  temperature  obtained.     The 


cam  gives  a  rapid  movement,  so  that  the  valve  is  seated  before 
any  considerable  pressure  comes  upon  it.  The  connection 
that  throws  it  shut  is  elastic,  so  that  if  a  valve  becomes  dry  it 
does  not  cut.     The  ordinary  poppet  valves  are  objectionable 
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Fig.  2. 

SECTION  OF  STEAM  CYLINDERS— ARRANGEMENT  OF  STEAM  CYLINDERS. 


Corliss  inlet  valves'having  been  such  a  success  the}7  were  next 
introduced  as  delivery  valves  for  the  low-pressure  cylinder, 
as  shown  in  the  longitudinal  engraving  which  we  present, 
ttliile  the  pressure  which  is  delivered  from  the  low-pressure 
cylinder  (being  only  about  25  lbs.)  is  so  light  that  its  effect  on 
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\  I  Fig-  3 


INTERMEDIATE  PACKING-BOX  FOR  STEAM  CYLINDERS,  SOUTH 
NORWALK  AIR  COMPRESSOR. 

the  wearing  of  the  Corliss  valve  was  considered  of  little  conse- 
quence, no  change  was  made  in  its  construction  ;  but  when 
there  came  a  demand  for  compressors  delivering  pressures  up 
to  thousands  of^pounds  to  the  square  inch,  it  became  necessary 
to  use  a  higher  pressure  in  the  inlet  cylinder.  The  valves  are 
therefore  now  moved  by  cams,  the  shape  of  wThich  are  such 
that  the  valve  remains  at  rest  until  the  pressure  below  it  is 
nearly  equal  to  that  above  it.  Then  the  movement  commences, 
and  the  valve  is  quickly  forced  wide  open.    In  closing,  the 


wdieu  used  for  inlet  valves,  because  in  order  to  insure  a  prompt 
action  when  the  valves  become  sticky  with  gum.  oil,  or  other 
substances,  it  is  necessary  that  the  springs  should  have  a  force 
of  not  less  than  8  oz.  per  square  inch  ;  and  while  this  has  but 
little  effect  upon  a  pressure  working  at  the  sea-shore,  at  high 
altitudes  it  is  a  very  considerable  detriment  ;  and  also,  though 
the  vacuum  may  be  inappreciable  when  measured  by  the  ordi- 
nary vacuum  spring,  it  is  considerable  when  4  lb.  springs  are 
used,  and  may  amount  to  as  much  as  nearly  3i  per  cent. 

To  quote  the  ideas  from  the  Xorwalk  Company's  catalogue, 
the  ideal  compressor,  in  order  that  the  work  may  be  constant, 
should  have  a  conical  cylinder,  so  that  the  light  pressure  exert- 
ed upon  a  large  piston  at  the  beginning  of  the  stroke  would  be 
equal  to  the  heavy  pressure  exerted  upon  a  small  piston  at  the 
end  of  a  stroke.  This  is  practically  impossible  to  construct 
at  present,  and  the  compound  cylinder,  as  now  built,  affoids 
as  near  an  approach  to  this  as  is  possible  to  obtain.  In  order 
that  the  application  of  power  may  be  uniform  during  the  whole 
stroke,  the  pistons  and  cross-heads  of  all  four  cylinders  are 
connected  to  one  rod  ;  and  as  these  parts  have  considerable 
weight,  which  requires  most  of  the  power  of  the  steam  over 
and  above  the  air  resistance  at  the  beginning  of  the  stroke  to 
start  them  forward,  so,  at  the  end  of  the  stroke,  when  the 
steam  pressure  is  weak  and  the  air  pressure  high,  the  power 
stored  in  the  momentum  in  these  reciprocating  parts  is  given 
out  in  useful  work,  and  the  parts  are  brought  to  rest  by  ex- 
pending their  force  in  compressing  air.  As  the  energy  thus 
stored  depends  on  the  weight  of  the  reciprocating  parts  and 
on  the  square  of  the  number  of  revolutions,  it  is  evident 
that  rotating  speed  is  a  very  important  factor  to  take  into  con- 
sideration. Therefore  short  strokes  are  used.  The  use  of  the 
By-wheel  is  merely  to  regulate  the  steam-valve  motions  and 
to  control  the  length  of  the  stroke  and  even  up  and  balance  any 
inequalities  which  may  restdt  from  the  relations  of  power  to 
resistance  and  secure  a  uniform  speed  for  the  machine.  Sur- 
face condensing  is  used  entirely,  and  no  water  is  allowed  in 
the  cylinder.  The  advantages  of  surface  cooling  in  compari- 
son with  that  of  water  in  the  air  cylinder  are  several.  The 
first  consideration  is  that  the  compression  with  surface  cooling 
is  dry.  This  is  an  important  matter,  for  when  air  is  heated  by 
compression  and  brought  into  contact  with  the  water,  it  is  apt 
to  become  saturated  with  moisture.  It  is  well-known  that 
when  air  is  exhausted  after  doing  its  work,  it  is  apt  to  have  a 
temperature  far  below  zero,  so  that  it  quickly  freezes  all  moist- 
ure in  the  air  and  deposits  it  as  ice  in  the  exhaust  passages  of 
the  air  engine,  which  will  therefore  become  quickly  closed. 
The  natural  remedy  is.  of  course,  to  keep  the  air  cool.  It  is 
estimated  that  if  100  H.P,  were  required  to  deliver  a  certain 
amount  of  air  at  60  lbs.  pressure  without  having  any  cooling 
apparatus  connected  therewith  at  all,  a  saving  of  21.6  per  cent, 
would  be  made  if  a  perfect  cooling  apparatus  could  be  added 
to  the  compressor. 

There  are  one  or  two  details  in  regard  to  the  construction  of 
this  compressor  which  are  exceedingly  interesting.  The  longi- 
tudinal skeleton  section  which  we  give  of  the  machine,  tig.  2, 
shows  the  general  arrangement  of  the  steam  cylinders.  The 
great  difficulty  which  is  ordinarily  experienced  with  a  tandem 
compound  steam  engine  is  that,  when  it  becomes  necessary  to 
remove  the  piston-head  of  the  forward  cylinder,  it  is  necessary 
to  take  out  everything  behind  it,  ami  when  the  In  ads  are  so 
arranged  that  they  cannot  be  readily  removed,  il  is  frequently 
neerssan  to  back  otf  she  rear  cylinder  anil  separate  it  from  the 
machine.  When  this  is  not  done  it  is  frequently  necessary  to 
uncouple  the  piston-rod  from  all  its  connections  and  back  that 
out  in  order  that  the  heads  may  be  removed.  The  compound 
cylinders  which  we  illustrate  here  are  made  tandem  with  the 
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high-pressure  cylinder  toward  the  center  of  the  piston-rod. 
The  low-pressure  cylinder  conies  up  close  against  it.  and  the 
flanges,  cast  on  the  cylinder  itself,  bolt  against  flanges  on  the 
high  pressure  cylinder.  The  heads  are  put  in  from  the  rear 
end  of  the  low-pressure  cylinder,  and  they  are  shown  in  sec- 
tion at  the  right  of  the  engraving.  It  will  be  seen  that  the 
high-pressure  piston  can  be  slipped  over  the  rod  and  the  latter 
barked  down  until  the  key-way  comes  mar  the  open  space 
between  the  two  cylinders.  The  key  can  then  be  driven  home 
and  the  piston  rod"  adjusted  without  any  trouble.  Next  the 
head  of  the  high-pressure  cylinder  is  slipped  into  position  over 
the  rod  through  the  low-pressure  cylinder  and  bolted  upon  the 
studs,  the  wrench  1  >< -in lt  easily  worked  in  between  the  cylin- 
ders. The  next  step  is  to  put  in  the  head  of  the  low-pressure 
cylinder.  It  will  be  seen  that  this,  instead  of  Hanging  up  on 
the  outside,  is  bolted  to  an  internally  projecting  flange  and 
ruins  up  on  the  inside  of  the  cylinder,  being  cut  away  on  the 
top  for  the  steam  port,  so  that  it  does  not  interfere  with  the 
admission  of  steam  in  the  slightest.  The  low-pressure  piston 
is  then  put  on  and  held  with  a  nut,  as  shown,  and  finally  the 
back-head  is  bolted  on  the  same  like  any  ordinary  cylinder- 
head. 

Another  novel  and  exceedingly  interesting  detail  of  these 
cylinders  is  the  construction  of  the  packing-box  between  the 
two  cylinders.  This  is  also  shown  in  detail  in  our  engraving, 
fig.  3.  Every  engineer  who  has  had  to  do  with  tandem  com- 
pound engines  knows  the  difficulty  of  packing  and  keeping 
packing  tight  in  the  stuffing-boxes  between  these  two  cylinders  : 
and  designers  are  well  aware  of  the  difficulties  which  constantly 
confront  them  of  shortening  the  total  length  over  all  of  tan- 
dem compound  cylinders,  and  still  have  sufficient  room  be- 
tween the  cylinders  for  the  stuffing-boxes  and  the  proper 
handling  of  the  same.  Some  have  even  gone  so  far  as  to  use 
a  head  with  a  corrugated  piston-rod  without  any  stuffing-box 
whatever  :  but  the  construction  of  the  Norwalk  engine  is  cer- 
tainly unique  and  worthy  of  careful  attention.  It  will  be 
-•mi,  from  an  examination  of  the  engraving,  that  there  is  but 
one  stulhng-box,  and  that  on  the  head  of  the  high-pressure 
cylinder.  This  stuffing-box  is  of  the  ordinary  type,  and  car- 
ries a  metallic  packing  which  can  be  easily  adjusted  with  a 
Very  slight  motion  of  the  gland.  The  gland  is  bored  out  so  as 
to  tit  the  piston-rod  snugly,  and  extends  back  to  a  point  close 
to  the  low-pressure  cylinder  head.  It  is  there  connected  by  a 
copper  plate,  as  shown,  which  comes  up  against  the  head  and 
is  held  by  a  clip  as  shown.  It  is  firmly  attached  to  the  gland. 
This  has  strength  enough  to  resist  the  steam  pressure  existing  in 
the  low-pressure  cylinder,  and  yet  has  tin  flexibility  enough  to 
allow  the  gland  of  the  high-pressure  stuffing-box  to  be  moved 
backward  and  forward  all  that  will  be  required  for  ordinary 
adjustments.  It  will  thus  be  seen  that  the  packing  on  the 
high-pressure  stuffing-box  is  subjected  to  two  pressures.  The 
low-pressure  cylinder  pressure  runs  beneath  the  gland  and 
works  on  the  outside,  while  the  high-pressure  steam  follows 
the  piston-rod  between  the  head  and  comes  against  the  pack- 
ing on  the  inside,  the  latter  separating  the  two  and  effecting  a 
perfectly  tight  joint. 

The  other  details  of  the  engine  which  are  attached  to  these 
standard  compressors  are  so  designed  as  to  attain  the  highest 
economy  possible.  The  steam  cut-off  valves  have  a  wide 
range  and  are  quick  in  their  action,  giving  a  clear  point  of  cut 
off  ami  a  very  perfect  expansion  line.  The  cut  off  is  changed 
by  turning  a  hand-wheel  placed  at  the  back  end  of  the  high- 
pressure  steam  chest,  and  it  is  easily  accessible.  The  point  of 
cut  off  can  be  changed  while  the  machine  is  in  motion  to  meet 
any  requirements  of  speed.  Its  position  is  shown  by  an  index, 
and  the  experience  which  has  been  gained  in  the  construction 
of  these  compressors  show  that  the  engine  is  particularly  well 
suited  for  the  duty  which  it  is  called  upon  to  perform. 


{PROJECTILE   TRIMMING   MACHINE. 


We  illustrate  a  projectile  trimming  machine,  which  has 
been  built  by  the  Bridgeport  Machine  Tool  Works,  of  Bridge- 
port, Conn.,  for  the  L'nited  States  Projectile  Company,  of 
iklyn,  N.  Y.  The  tool  is  made  especially  heavy,  and  is 
intended  for  trimming  off  the  ends  of  shells  after  they  have 
been  taken  from  the  presses  in  which  they  have  been  formed. 
The  principal  and  prominent  feature  of  the  machine  is  the 
chuck,  which  stands  mar  the  center  of  the  bed.  This  chuck 
is  driven  by  a  gear-wheel  meshing  in  with  a  pinion  that  is 
1  to  the  main  shaft,  which  runs  along  the  length  of  the 
machine  in  the  center  of  the  bed.  The  teeth  run  close  to  the 
casing,  and  there  is  a  short  bearing  on  the  outside  of  the 
same.  In  order  to  save  end  room  and  to  be  able  to  bring  the 
edge  of  the  cutting  tool  close  up  to  the  chuck,  the  dogs  for 
holding  and  centering  the  shell  are  set  into  the  face  of. the 


chuck.  These  are  of  the  independent  type,  and  are  set  for 
each  size  of  shell.  When  it  is  necessary  to  remove  the  shell, 
one  is  slackened  off,  the  shell  removed  and  another  slipped 
into  place,  when  it  is  again  tightened  down.  They  are,  as  we 
have  already  said,  tlush  with  the  face  of  the  chuck,  so  that 
they  are  out  of  the  way  while  work  is  being  done. 

The  machine  is  driven  by  a  4  in.  belt  running  over  a  three- 
step  cone  at  the  end  of  the  machine,  as  shown.  The  shaft  of 
the  cone  carries  a  pinion  meshing  in  with  a  large  spur-gear  on 
the  end  of  the  main  shaft.  The  tool  posts  are  carried  by  extra 
strong  and  heavy  carriages  with  cross-feeds.  The  end  carriage 
has  an  arrangement  for  holding  a  boring-bar  that  is  used  for 
turning  out  the  inside  of  shell,  so  that  when  the  latter  is  once 
in  position  it  can  be  finished  without  being  removed  from  the 
machine.  The  feed-rod  runs  along  the  back  of  the  machine 
and  carries  worm-gears  for  operating  each  carriage.  The 
chuck  is  geared  19  to  1  with  the  cone  shaft,  and  the  revolu- 
tions of  the  chuck  may  be  varied  from  12  to  50  per  minute 
with  four  intermediates— namely,  16,  21,  28,  and  37.  The 
cross-feed  is  .01  in.  per  revolution,  and  the  boring-bar  feed  is 
the  same.  It  will  be  seen  from  the  engraving  that  the  bed  is 
exceedingly  strong,  and  that  all  parts  are  so  proportioned  that 
they  are  capable  of  doing  the  heaviest  work.     This  is  merely 
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one  of  the  many  special  types  of  machines  which  have  been 
built  by  the  Bridgeport  firm  for  doing  particular  kinds  of 
work. 


MEETING  OF  MEMBERS  OF  THE  SOCIETY  OF 
MECHANICAL  ENGINEERS. 


Some  of  our  readers  will  remember  an  editorial  article 
which  was  published  in  The  American  Exoineek  of  last 
September,  with  the  title  "  .Monthly  Meetings  of  Mechanical 
Engineers  for  Technical  Discussion.  This  article  was  after- 
ward reprinted  on  slips,  with  a  note  appended,  asking  mem- 
bers of  the  Society  "  who  feel  an  interest  in  the  scheme  of 
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holding  such  monthly  meetings  for  the  discussion  of  technical 
subjects  as  were  suggested  in  the  article  to  signify  their  ap- 
proval or  disapproval  of  it  by  communicating  with  the  editor 
of  The  Americas  Engineer."  A  copy  was  then  sent  to  each 
member  of  the  Society.  About  50  replies  were  received,  all 
approving  of  the  scheme  proposed.  As  a  sequel  to  this  a 
meeting  of  a  few  of  the  members  of  the  Society  was  called,  and 
met  in  its  hall  on  November  1,  and  the  following  resolutions 
were  adopted  : 

"  Resolved,  That  it  is  the  sense  of  this  meeting  that  it  would 
be  desirable  and  profitable  that.an^opportunity  be  given  for 
members  of  the  American  Society  .of  .Mechanical  Engineersto 
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meet  at  convenient  times  during  the  coming  winter  and  sp  ing 
for  the  discussion  of  subjects  pertaining  to  Mechanical  Engi- 
neering. 

"  It  is  further  resolved  that  a  committee  of  five  be  appointed 
to  arrange  for  such  a  series  of  monthly  meetings  during  the 
coming  winter  and  following  spring,  that  it  be  authorized  to 
select  and  appoint  a  chairman  to  preside,  to  fix  dates  for  hold- 
ing, and  to  issue  calls  for  such  meetings,  select  subjects  for 
consideration  and  speakers  to  present  and  discuss  them,  ar- 
range the  order  of  proceedings  and  make  all  necessary  rules 


To  Members  of  the  American  Society  of  Mechanical  En- 
gineers. 

"  In  accordance  with  the  duty  delegated  to  them  the  Com- 
mittee have  selected  the  evening  of  the  second  Wednesday  of 
each  month  as  the  time  and  date  for  holding  such  meetings. 
The  first  one  will  be  held  on  Wednesday  evening.  January  10, 
at  8  p.m.  The  subject  which  will  be  considered  will  be  the  De- 
velopment of  Stationary  Engines  as  illustrated  by  those  exhib- 
ited at  the  Columbian  Exhibition  in  Chicago.  Mr.  F.  F. 
Hemenway,  editor  of  The  American  Machinist,  who  spent 
considerable  time  at  the  Exhibition,  will  give  a  short  talk- 
not  a  formal  paper — on  the  subject,  which  will  not  exceed 

30  minutes  in  length,  after 
which  the  subject  will  be 
open  to  general  discus- 
sion, the  speakers  to  be 
limited  to  five  minutes' 
time,  and  none  to  speak 
more  than  twice,  until  all 
who  wish  to  do  so  have 
spoken.  Builders  of  sta- 
tionary engines  are  espe- 
cially invited  to  take  part 
in  the  discussion,  and  if 
the  Chairman  of  the  Com- 
mittee is  advised  before 
the  meeting  of  their  inten- 
tion to  do  so,  time  and 
places  after  the  opening 
tdk  will  be  assigned  to 
them.  Such  persons  are 
also  invited  to  send  pho- 
tographs, drawings,  or 
models  illustrating  inter- 
esting features  or  recent 
forms  of  construction  of 
stationary  engines,  for  ex- 
amination by  those  in  at- 
tendance. 

"  It  was  agreed  by  the 
Committee  that  all  mem- 
bers of  the  Society  may  have  the  privilege  of  introducing  or 
bringing  friends  to  the  meetings,  who  may  with  the  consent  of 
the  Chairman  take  part  in  the  discussions.  It  is  hoped  that  the 
proceedings  will  prove  to  be  of  sufficient  interest  to  strangers 
so  that  mechanical  engineers  of  distinction  visiting  in  New 
York  will  always  be  brought  and  introduced  at  these "meetings. 
"  It  is  expected  that  Mr.  C.  W.  Hunt  will  preside  on  the  even- 
ing of  January  10.  As  this  first  meeting  will,  to  a  very  great 
extent,  be  an  experiment,  it  is  very  desirable  that  it  should  be 
successful.     Members  in  sympathy  with  the  movement  are 
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for  the  conduct  of  such  meetings,  solicit  subscriptions  and 
audit  and  pay  all  bills  incurred  for  such  expenses  and  fill 
vacancies  which  may  occur  during  the  period  named." 

The  Chairman  of  the  meeting.  Mr.  M.  N.  Forney,  was  made 
permanent  chairman  of  the  above  Committee,  and  he  was 
authorized  to  appoint  four  other  members  to  act  with  him. 
Commodore  C.  H.  Loring,  Mr.  C.  W.  Hunt,  and  Frank  Ball 
were  appointed  to  act  with  the  Chairman,  leaving  still  one 
vacancy.  After  deliberating  on  the  subject  submitted  to  their 
consideration  the  Committee  issued  the  following  call  for  a 
meeting  : 


therefore  earnestly  invited  to  be'  present,  and  to  do  or  say 
something  which  will  add  to  the  interest  of  the  proceedit.-  • 

In  response  to  this  call  about  60  members  assembled  in  the 
hall.  The  meeting  was  called  to  order  by  the  Chairman  of 
the  Committee,  who  then  said  : 

Members  of  the  Society  of  Mechanical  Engineers  : 

In  opening  this  meeting  perhaps  a  few  introductory  words 
are  needed,  and  as  in  presenting  a  stranger  to  a  friend  we 
usually  say  a  word  or  two  to  make  the  antecedents  and  origin 
of  the  stranger  known,  so  it  may,  perhaps,  be  expected  that 
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those  to  whom  the  duty  has  been  delegated  of  inaugurating 

these  meetings  will  say  something  of  their  origin  and  purpose. 
To  some  of  us  it  has  seemed  very  desirable  that  more  frequent 
Opportunities  should  be  given  to  the  members  of  this  Society 
of  coming  together,  for  the  consideration  and  discussion  of 
subjects  in  which  we  arc  all  interested,  than  the  regular  meet- 
ings of  the  Society  provide.  During  the  past  few  years  some 
effort  in  this  direction  has  been  made,  which  gave  those  of  us 
who  were  interested  in  the  movement  sufficient  encourage- 
ment to  make  another  effort  in  this  direction.  To  explain  why 
those  meetings  which  were  held  at,  irregular  intervals  were 
not  continued,  it  may  be  said  that  wdiat  may  be  called  the  in- 
stallation of  such  meetings  is  not  as  simple  and  easy  as  those 
persons  who  have  never  undertaken  it  tire  apt  to  think.  The 
difficulties  and  labor  involved  in  preparing  for  such  confer- 
eices  are  very  considerable  In  holding  a  meeting  at  which 
there  will  be  interesting  discussions  there  must,  in  the  first 
place,  be  some  subjects  to  discuss.  Without  such  subjects  the 
meetings  will  be  Hat,  stale,  and  unprofitable.  Now  not  every 
topic  that  can  be  thought  of  will  be  productive  of  discussion. 
If  the  members  were  invited  to  come  here  and  ponder  over 
the  intensity  of  pressure  per  square  inch  exerted  by  locomo- 
tive driving-wheels  on  rails,  probably  it  would  not  stimulate 
much  talk,  because  very  little  is  known  of  that  particular  sub- 
ject. To  have  a  good  meeting  you  must  have  a  good  subject, 
and  this  implies  that  some  one  must  use  his  knowledge,  refer 
to  his  experience,  and  exercise  his  wits  to  select  one  which 
will  be  prolific  of  discussiou.  Having  done  this,  there  must 
be  some  one  to  talk  about  it.  Now  those  of  us  who  have  had 
experience  in  what  may  be  called  the  dynamics  of  meetings 
have  found  that  there  is  a  great  deal  of  inertia  in  men's  minds, 
and  that  generally  some  stimulus  must  be  provided  which  will 
make  them  think  and  talk.  If  you  bring  a  body  of  men 
together  and  ask  them  to  make  remarks  on  an  abstruse  sub- 
ject, without  first  giving  them  some  stimulus— I  do  not  refer 
to  the  liquid  form — you  may  have  a  sort  of  Quaker  meeting 
as  the  result.  There  must  usually  first  be  something  to  excite 
the  minds  and  the  tongues  of  those  in  attendance.  Not  only 
a  subject  must  be  selected,  but  one  or  more  speakers  must  be 
provided,  a  chairman  must  preside  who  will  call  out  the  timid 
and  suppress  the  wind  bags,  rules  must  be  made,  notices  sent 
out,  and  many  other  details  attended  to.  At  previous  meet- 
ings which  were  held  no  adequate  provision  was  made  for  this 
kind  of  supervision.  The  members  of  this  Society  have 
learned  to  depend  upon  their  Secretary  to  such  an  extent  that 
they  are  apt  to  think  that  any  duty  may  properly  be  imposed 
on  "his  shoulders.  It  will  not  be  out  of  place  here  to  say  that 
the  general  supervision  of  a  scries  of  meetings,  such  as  arc 
now  contemplated,  is  not  distinctly  the  duty  of  the  Secretary, 
and  ought  not  to  be  imposed  on  his  shoulders  and  addetl  to  his 
other  multifarious  tasks.  If  any  of  you  have  ever  acted  in 
the  capacity  of  a  Secretary  you  will  realize  this.  The  respon- 
sibility for  the  previous  meetings,  which  have  been  referred 
to,  was  to  a  great  extent  placed  almost  entirely  on  his  shoulders. 
Some  of  us  who  thought  that  a  continuation  of  those  meetings 
would  lie  interesting  and  profitable  anil  in  every  way  desirable, 
felt  that  this  additional  labor  ought  not  to  be  expected  of  our 
worthy  Secretary,  while  at  the  same  time  we  also  felt  that  it 
would"  be  very  desirable  to  continue  the  meetings  which  had 
heretofore  been  held  at  irregular  intervals.  A  few  of  us  as- 
sumed the  responsibility  of  tirst  issuing  a  circular  asking  the 
opinion  of  members  with  reference  to  holding  such  meetings. 

A  large  number  of  replies  were  received  from  which  some 
extracts  were  read. 

Encouraged  by  the  responses  to  the  circular,  a  meeting  of 
a  few  members  was  called  and  held  in  this  room  on  Novem- 
ber 1,  at  which  the  resolutions  printed  above  were  adopted, 
and  the  Committee  named  above  was  appointed. 

At  the  outset  the  Committee  encountered  a  feeling  which 
exists  among  some  of  our  members,  which  is  that  it  would  be 
injudici  his  to  hold  any  meetings  of  the  Society  itself,  except- 
ing those  at  the  annual  meeting  and  annual  convention.  It  is 
thought  by  some  members  that  if  a  series  of  meetings  are  held 
in  which  most  ot  the  nonresident  members  cannot  participate 
that  it  might  result  in  dissatisfaction.  The  Committee  there- 
fore thought  it  would  be  wise  to  make  a  distinctdisavow.il  of 
any  intention  of  holding  regular  meetings  Of  the  Society.  This 
was  done  in  the  following  paragraph  of  their  circular  : 

"  In  order  to  avoid  misapprehension  the  Committee  deem  it 
best  to  explain  that  tin-  meetings  which  it  is  proposed  to  hold 
will  not  be,  in  any  scii-e,  meetings  of  the  Society,  but  only  of 
such  members  as  maj  choose  to  attend  them.  The  proceed- 
ings will  form  no  part  of  the  transactions  of  the  Society,  and 
will  not  be  published  by  it.  The  members  who  come  to  the 
meetings  will  merely  b  exercising  their  privilege  of  assembling 
in  the  Society's  hall  and  discussing  subjects  of  mutual  inter- 
est." 


The  general  idea  which  the  Committee  have  had  in  mind 
was  first  to  select  some  subject  for  consideration  which  would 
be  likely  to  elicit  discussion.  Then  to  find  some  person  with 
special  knowledge  of  it  to  give  an  informal  talk  on  it,  and 
then  open  it  for  general  remark  and  "debate.  It  is  hoped  that 
the  opeuing  address  will  serve  as  assort  of  a  concentrator  of 
thought  and  au  excitor  of  discussiou  thereafter.  It  is  the 
experience  probably  of  many  of  you,  as  it  has  been  mine,  that 
the  interest  in  meetings  for  the  discussion  of  technical  subjects 
is  in  a  great  many  cases  swamped  by  heavy,  ponderous  papers, 
the  facts  of  which  cannot  be  grasped,  the  theories  compre- 
hended, nor  the  intended  deductions  understood  by  those  who 
listen  to  the  reading  of  them.  The  Committee  are  agreed  that 
papers  of  this  character  are  not  suited  for  meetings  of  this 
kind,  and  it  will  be  their  endeavor  not  to  have  any  of  the 
opening  addresses  or  papers  of  such  a  character  or  length  as  to 
exceed  the  limit  of  elasticity  of  the  attention  of  the  audience. 

The  only  rules  which  have  thus  far  been  adopted  for  the 
government  of  these  meetings  are  : 

1.  The  principal  speaker  of  each  evening  to  be  requested 
not  to  occupy  more  time  than  30  minutes. 

2.  Those  who  afterward  take  part  in  the  discussion  to  be 
limited  to  five  minutes,  and  no  speaker  to  speak  more  than 
twice  until  all  who  wish  to  do  so  have  spoken. 

3.  All  members  of  the  Society  shall  have  the  privilege  of 
introducing  or  bringing  friends  to  the  meetings,  who  may 
take  part  in  the  discussion  with  the  consent  of  the  chairman. 

I  think  I  may  also  speak  for  the  rest  of  the  Committee  in 
saying  that  it  is  not  their  intention  to  give  these  meetings  a 
free-and-easy  character.  It  is  their  purpose  and  hope  to  make 
these  assemblages  dignified  meetings  of  the  members  of  the 
leading  engineering  society  of  the  country,  to  which  we  may 
all  bring  the  most  eminent  and  distinguished  co-laborers  in 
our  own  occupation  from  this  and  foreign  countries,  and  when 
we  do  so,  we  want  to  be  able  to  feel  proud  of  our  associates. 
It  is  hoped  that  to  these  meetings  the  mechanical  engineers  of 
this  and  other  countries  will  bring  the  results  of  their  ripest 
experience,  their  most  profound  knowledge,  and  share  with 
each  other  those  thoughts  which  they  will  want  to  leave  be- 
hind them  as  pari  of  the  record  of  their  lives  and  their  labors. 

Mr.  C.  W.  Hunt,  who  had  been  invited  by  the  Committee 
to  preside  at  this  meeting,  was  then  introduced,  and  presided 
over  the  meeting. 

The  meeting  was  then  opened,  as  was  announced,  by  a  paper 
by  Mr.  Ilemenway  on  the  Development  of  Stationary  Steam 
Engines  as  illustrated  by  those  at  the  Columbian  Exhibition 
at  Chicago,  from  which  the  following  extracts  are  taken  : 

"  To  note  progress,  comparison  must  be  made,  and  it  is 
rather  convenient,  as  well  as  common  in  this  country  to  refer 
mechanical  progress  to  the  Centennial  Exhibition.  The  in- 
terval between  the  Centennial  and  the  Columbian  Exposition 
—  nearly  20  years — seems  long  enough  for  the  purpose  of  fair 
comparison.  Generally  speaking,  the  steam  engine  of  1893 
will  be  found  to  be  a  better  machine  than  that  of  1876,  made 
so  by  gradual  advances,  scarcely  noticeable  in  some,  and 
prominently  so  in  other  types. 

"  In  the  matter  of  compounding,  compared  with  the  Cen- 
tennial, there  was  evidence  of  notable  progress  at  Chicago. 
At  the  first-named  exhibition  there  were  no  compound  en- 
gines ;  at  the  last  named,  compound  engines— two  cylinder, 
triple  and  quadruple  expansion — were  the  rule.  Compound- 
ing is  old,  but  at  the  date  of  the  Centennial  was  not  in  repute 
for  the  more  ordinary  purposes  for  which  steam-engines  are 
employed.  For  such  engines,  at  least,  the  economy  of  com- 
pounding was  boldly  disputed  by  some  engineers,  and  more 
than  questioned  by  others.  Little  doubt  as  to  its  superior 
economy  exists  today.  Scarcely  more  than  10  years  ago  it 
was  very  easy  to  start  a  discussion  between  engineers  as  to  the 
relative  merits  of  simple  and  compound  engines,  as  regards 
the  economical  use  of  steam.  It  is  scarcely  possible  to  do  so 
now.  That  this  is  so  is  due  to  a  better  knowledge  of  the 
whole  matter.  The  exhibits  at  Chicago,  it  seems  to  me, 
showed  two  things  in  relation  to  compounding,  one  of  which 
was  that  progress  has  been  made,  and  another  that  tlwre  is  still 
room  left  for  progress.  There  were  some  very  fine  examples, 
and  some  in  which  the  effort  to  engraft  the  second  cylinder 
upon  the  first  was  hardly  felicitous.  As  one  well-known  en- 
gineer put  it,  the  cylinders  were  not  always  neighbors,  which 
id  1  have  covered  other  considerations  than  that  of  distance, 
lint,  some  undesirableness  must  be  expected  of  anything  in  the 
transition  state.  A  move  in  the  right  general  direction,  if  not 
in  the  most  direct,  line,  represents  progress  compared  with 
standing  still. 

"  Comparison  between  the  two  largest  engines— the  Corliss 
at  the  Centennial  and  the  Allis  at  Chicago — is  unsatisfactory 
because  of  the  difference  in  principle  and  in  constructive  de- 
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tail.  One  was  a  vertical  and  the  other  a  horizontal,  one  sim- 
ple, the  other  compound.  Considered  architecturally,  to  mis- 
use a  term  for  the  sake  of  convenience,  I  should  think  there 
was  nothing  at  Chicago  that  could  compare  very  favorably 
with  the  Corliss  at  the  Centennial.  Probabh-  in  the  best  inter- 
est of  progress  there  ought  not  to  havs  been.  In  war  there  is 
perhaps  nothing  that  will  compare  with  the  altogether  useless 
charge  of  the  Light  Brigade.  The  AUis  engine  was  of  greater 
capacity,  and,  aside  from  this,  it  would,  bejond  doubt,  fur- 
nish a  H.P.  for  less  expenditure  of  coal,  and  the  chief  end  of 
a  steam-engine  is  to  furnish,  all  things  considered,  H.P.  for 
little  money.  Both  these  engines  were  Corliss  engines,  as  the 
term  is  employed  at  the  present  day,  and  the  Centennial  en- 
gine was  certainly  not  behind  in  its  mechanical  performance. 
Nothing  could  behave  more  admirably  as  a  machine. 

"  The  most  noticeable  point  of  difference  in  the  valve  mech- 
anism of  these  engines  was  the  employment  of  a  supplemen- 
tary eccentric  in  the  Allis  engine  for  controlling  the  point  of 
cut  off.  By  the  operation  of  this,  the  unlatching  could  occur 
at  any  point  up  to  practically  full  stroke.  Objection,  not  very 
weighty,  perhaps,  but  having  some  force,  has,  frequently  been 
made  to  the  ordinary  Corliss  gear  on  simple  engines  because 
the  steam-valves  must  be  tripped,  if  at  all,  somewhat  before 
the  half-stroke  of  the  piston.  This  objection,  for  obvious 
reasons,  would  have  greater  force  in  the  instance  of  multi- 
cylinder  compound  engines.  This  second  eccentric,  as  used, 
appears  to  be  a  desirable  improvement.  It  is  only  proper, 
however,  to  say  that  the  end  aimed  at  by  the  use  of  this  eccen- 
tric has  f  >r  some  time — and  notably  in  England — been  at  least 
partially  accomplished  by  the  use  of  two  eccentrics,  one  for 
the  steam  and  one  for  the  exhaust- valves.  By  this  means  it  is 
possible  to  extend  the  point  of  unlatching  until,  practically, 
half-stroke,  and  this  will  prolong  the  expansion  until  about 
three-quarter-stroke,  the  piston  at  half  stroke  being  at  its 
fastest  travel  ;  this  —  three-quarter-stroke  —  is  perhaps  late 
enough  for  cut-off  in  any  engine  used  for  ordinary  purposes. 

"  The  time  required  "for  valve  closure  after  unlatching  in 
the  Corliss  type  of  engine  was  very  well  shown  by  an  experi- 
ment made  several  yeaTS  ago  by  some  of  the  bright  young 
students  of  Massachusetts  Institute  of  Technology.  This  ex- 
periment was  made  with  an  8-in.  X  2-t-in.  Harris-Corliss  en- 
gine, by  blocking  the  governor  and  loading  the  engine  by 
means  of  a  brake,  then  while  the  engine  was  running  grad- 
ually, though  cjmparatively  quickly,  releasing  the  brake  fric- 
tion, the  pencil  of  the  indicator  being  all  the  time  in  contact 
with  the  paper  on  the  drum.  By  this  means  a  series  of  dia- 
grams were  taken  on  a  single  card,  the  point  of  unlatching  of 
the  valve  being,  as  explained,  constant,  while  the  speed  of 
the  engine  increased  as  the  load  was  decreased.  The  point  of 
valve  closure,  as  shown  by  these  diagrams,  was  all  the  way 
from  before  half-stroke  up  to  later  than  nine-tenths-stroke, 
ttie  speed  of  the  engine  at  the  conclusion  of  the  experiment 
being  estimated  at  over  150  revolutions. 

"  "  It  may  be  mentioned  that  gain  in  power,  as  shown  by 
these  diagrams,  by  prolonging  expansion  beyond  three-quarter- 
stroke,  was  trifling,  the  increased  forward  pressure  on  the  pis- 
ton being  nearly  neutralized  by  an  increase  in  the  back  press- 
ure, although  the  steam  line  showed  but  little  drop  in  pressure. 

"  It  seems  probable  that  there  is  some  gain — and  it  is  so 
stated  by  those  familiar  with  the  subject— in  the  use  of  sepa- 
rate eccentrics  for  steam  and  exhaust-valves  through  the  possi- 
bility of  a  more  advantageous  arrangement  of  the  exhaust- 
valves  and  their  operating  mechanism,  as  the  steam-valves  are 
not  influenced  by  the  change  made  in  this  respect.  The  use 
of  separate  eccentrics  for  steam  and  exhaust-valves,  as  referred 
to.  was  not,  so  far  as  I  know,  in  evidence  at  Chicago,  nor  do  I 
know  when  they  were  first  employed.  I  am  assuming  that 
their  use  does  not  antedate  the  Centennial,  in  which  I  may  be 
in  error.  They  were,  I  am  informed,  so  used  by  the  E.  P. 
Allis  Company  as  early  as  1886,  but  are  not  recommended  by 
them  except  in  the  instance  of  the  low-pressure  cylinder  ot 
triple  expansion  engines  when  it  is  desirable  to  carry  expan- 
sion beyond  half -stroke,  and  sometimes  in  the  instance  of  two- 
cylinder  compounds  for  the  same  reason.  The  chief  reason 
whv  the  two  eccentrics  are  advised  against  by  this  Company 
is,  I  believe,  the  fact  that  the  engine  does  not  handle  so  con- 
veniently when  they  are  employed.  I  also  believe,  though 
I  am  not  quite  certain,  that  the  Atlas  Works,  of  Indianapolis, 
used  two  eccentrics  something  in  the  way  indicated  at  an 
earlier  date  than  that  mentioned. 

"  Of  the  engines  possessing  to  an  extent  greater  or  less  some 
of  the  features  of  the  Corliss,  and  designed  to  avoid  what  are 
claimed  to  be  undesirable  characteristics  of  this  engine,  not 
much  can  be  said  ;  the  value  of  new  arrangements  of  details 
should  not  be  judged  hastily,  but  time  should  be  sriven  in 
which  to  demonstrate  their  utility,  or  the  contrary.  Progress 
sometimes  consists  in  going  backward,  which  may  or  may  not 


yet  be  illustrated  in  the  instance  of  some  of  these  engines  at 
Chicago.  There  has,  broadly  speaking,  been  but  little  im- 
provement in  Corliss  engines  since  the  Centennial,  and  for 
some  time  previous  to  that.  Some  little  modification  of  de- 
tails has  been  made,  undoubtedly  in  some  instances  of  value, 
and  a  large  amount  of  good  material  and  workmanship,  and 
a  world  of  ingenuity  have  been  wasted. 

"  One  engine,  the  Bates-Corliss,  was  provided  with  a  very 
neatly  worked-out  scheme  for  doing  away  with  unlatching,  at 
the  same  time  preserving  its  equivalent.  If  unlatching  is 
very  objectionable,  which  I  do  not  believe,  this  provides  a  way 
around  it.  As  perhaps  all  of  you  know,  there  is  in  this  plan 
a  sort  of  doubling  up,  or  back,  in  the  steam-valve  connection 
which  is  provided  for  by  the  operation  of  the  governor  ;  a  sort 
of  collapsing  that  may  be  likened  to  a  toggle  joint  underpress- 
ure, forced  beyond  the  center  line  and  free  to  move  further. 

"  This  detail  I  suppose  to  be  new,  and  it  is,  perhaps,  yet  to 
be  demonstrated  that  something  more  objectionable  than  the 
unlatching  of  the  Corliss  motion  is  not  developed  by  use.  It 
appeared  lo  work  in  every  way  satisfactorily. 

"  High-speed  engineering  cannot  be  said  to  have  come  into 
existence  since  the  Centennial,  but  its  growth  has  been  mainly 
since  that  date.  Previous  to  that  the  Buckeye  Engine  Com- 
pany had  built  some  quick-running  engines  for  saw-mill  work, 
I  believe,  and  Mr.  Charles  T.  Porter  had  built  a  few  high- 
speed engines,  and  was  engaged  in  missionary  work,  which  he 
continued,  and  which  has  left  his  mark,  if  not  as  plainly  writ- 
ten on  rapid-revolution  engines  as  that  of  Corliss  on  those  of 
slow-revolution,  quite  as  effectively  perhaps,  so  far  as  results 
go.  It  is  not  necessary  to  mention  the  influence  of  the  correct 
workmanship  introduced  by  Mr.  Porter,  workmanship  that 
made  high  speed  practicable.  All  know  of  it,  and  thou- 
sands have  profited  by  the  example.  In  addition  Mr.  Porter 
originated  a  form  of  bed  that  has  demonstrated  a  good 
many  times  that  it  is  easier  to  modify  and  change  some- 
thing than  it  is  to  improve  it.  The  outcome  of  his 
work — his  example — was  in  indirect  evidence  at  Chicago 
in  the  numerous  examples  of  fine  high-speed  engines  exhib- 
ited. Nothing  like  this  exhibit  would  have  been  possible  15 
years  ago.  This  is  particularly  true  of  single-valve  automatic 
high-speed  engines  with  shaft  governors,  which  have  almost 
worked  a  revolution  in  some  branches  of  steam-engine  con- 
struction since  the  Centennial.  There  were,  I  believe,  but 
two  examples  of  stationary  engines  with  shaft  governors  at  the 
Centennial,  the  Buckeye  and  the  small  high-speed  Straight 
Line  by  Professor  Sweet.  The  latter  has  been  so  modified 
since  then  as  hardly  to  be  called  the  same  engine.  To  these 
may  be  added  the  portable  engine  by  Hoadley,  making  in  all 
three  engines  with  shaft  governors.  The  portable  engine 
named  is  not  now  built  that  I  am  aware  of.  These  engines 
are  referred  to  as  showing  the  wonderful  growth  of  this  type 
of  engine — those  with  shaft  governors — as  shown  by  contrast 
with  the  exhibits  at  Chicago. 

"  The  discussion  as  to  the  relative  merits  of  high  and  low- 
speed  engines  has  been  warm  in  previous  years,  the  outcome 
of  which  is  a  pretty  thoroughly  settled  conviction  that  each  is 
best  in  its  field,  although  the  boundary  lines  are  not  very 
clearly  defined.  The  high-speed  engine  has  come  to  stay  be- 
cause it  fills  the  proverbial  "  long-felt  want,"  and  the  low- 
speed  stays  because  its  retirement  would  leave  a  void. 

"  Along  with  the  requirement  for  better  construction  brought 
with  the  high  speed  engine  was  that  of  improved  methods  of 
distributing  oil.  Getting  a  little  oil,  once  in  a  while,  where  it 
would  do  some  good,  would  not  do,  as  the  revolutions  and 
reciprocations  got  way  along  up  into  the  hundreds  ;  getting 
the  right  quantity— or  at  least  enough— at  the  right  time. 
where  it  would  do  the  most  good,  was  demanded,  and  hence 
the  ingenious  arrangements  to  that  end  shown  in  connection 
with  the  engine  exhibits  at  Chicago — all  of  modern  growth. 

"  Something  the  same  may  be  said  of  balancing.  Correct 
practice  in  this  respect  was  an  essential  of  high  speed,  and  a 
great  deal  of  attention  has  been  given  to  it  and  a  good  deal 
learned  about  it  during  the  past  10  or  15  years.  With  the 
many  examples  of  fine  balancing  shown  at  Chicago,  it  would 
be  unfair  to  make  special  mention  were  it  not  for  one  instance 
of  an  engine — the  /<'< .  I  believe— which  may  be  taken  as  an 
example  of  other  practice  ;  this  engine  was  shown  running 
very  quietly,  mounted  on  small  wooden  blocks— stilts. 

"  Great  advances  have  also  been  made  in  controlling  the 
speed  of  high-speed  engines.  So  perfect  is  the  best  practice  in 
this  respect  that  almost  any  degree  of  refinement  will  be  guar- 
anteed. Progress  in  high-speed  engineering  was  exemplified 
at  Chicago,  in  part,  by  greatly  improved  design  and  work- 
manship," better  means  of  lubrication,  better  balancing,  and 
better  control  of  speed. 

"  The  display  of  steam-engines  other  than  those  made  in  the 
United  States  was  so  liniitedas  to  give  but  little  idea  of  recent 
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European  progress  or  practice  ;  although  we  may  in  a  general 
way  be  informed  as  to  this,  it  would  have  been  very  satisfac- 
tory to  have  seen  it  better  illustrated  by  exhibits. 

"  The  Willana  engine  was  an  interesting  example  of  com- 
paratively recent  date.  Its  special  novelty  is  in  its  central 
valve  for  steam  distribution,  and  the  means  for  cushioning 
independently  of  the  steam  distribution  in  the  cylinders.  The 
central  valve  arrangement  affords  excellent  means  of  getting 
rid  of  water  in  the  cylinders,  and  the  cushioning  by  means  of 
the  direct  air  cylinder  results  in  smooth  running  without  any 
effort  at  steam  distribution  to  that  end  ;  something  that  I 
should  think  very  likely  to  receive  more  attention  in  the 
future.  This  engine  has  what  are  usually  believed  to  be  the 
disadvantages  ol  rather  unusually  short  stroke,  is- single-act- 
ing, and  has  a  throttling  governor,  and  yet  it  is  crediteil  with 
remarkable  economic  performance.  As  to  its  performance 
under  test,  it  may  be  remarked  that  with  a  properly  ail  justed 
load  and  constant  steam  pressure  the  objections  to  a  throttling 
governor  disappear.  This  engine  is,  I  believe,  used  largely  in 
England  for  electric  lighting,  the  installation  very  commonly 
being  such  that  of  several  engines  only  as  many  need  lie  kept 
in  operation  as  will  be  what  is  considered  properly  loaded,  the 
governing  being  done  by  one  engine.  I  am  informed  that  they 
are  manufactured  strictly  interchangeable  in  every  detail  ; 
something  that,  so  far  as  I  know,  canuot  be  said  of  any  other 
engine.  This  does  not  necessarily  make  the  engine  better,  but 
it  must  cheapen  the  cost  of  production. 

"  There  was  nothing,  I  should  think,  especially  noticeable 
in  the  vertical  German  engine,  except  evidence  of  good  design 
and  workmanship.  The  use  of  the  Rider  cut-off  valve  never 
found  especial  favor  in  this  country,  which  is  not,  however. 
Said  as  in  any  way  against  it.  Balancing  the  weight  of  the 
valves  and  connections  by  means  of  steam  cylinders  over  them 
is  not- very  new,  at  least  ;  connecting  the  top  of  the  balancing 
cylinders  with,  in  the  instance  of  the  intermediate  cylinder, 
the  low-pressure  steam-chest,  and  in  the  instance  of  the  low- 
pressure  cylinder,  the  condenser,  while  steam  underneath  the 
balancing  pistons  is  taken  from  the  respective  steam-chests, 
may  or  may  not  be  novel. 

"  The  German  portable  and  semi-portable  engines  were  ex- 
amples of  elaborate  construction  beyond  what  we  see  in  this 
country,  but  further  than  this,  and  the  evidence  of  good  gen- 
eral design,  presented  no  very  novel  features. 

"The  French  engine,  by  .Schneider  it  Co.,  was  mainly  inter- 
esting as  showing  conclusive  evidence  of  progress  in  the 
moldcr's  art  as  applied  to  the  making  of  castings  for  steam- 
engines, 

"  An  evidence  of  the  coming  use  of  air  cushioning  was 
shown  in  the  large  Westinghouse  engines  by  an  air  cylinder 
attachment  to  the  high-pressure  valve,  which  it  would  seem 
must  assist  the  governor  very  materially. 

"  The  most  interesting  example  of  progress  in  steam  tur- 
bines appears  to  have  been  shown  by  the  I)e  Laval  machine, 
ill  which  a  speed  of  as  high  as  30,000  revolutions  is  attained, 
the  benefits  of  expansion  being  obtained  bv  the  use  of  a  tapered 
nozzle,  the  smallest  diameter  being  at,  the  inlet.  The  com 
mereial  value  of  this  machine  may  lie  doubted,  but  it  is  cer- 
tainly, in  its  operation,  a  wonderful  little  engine. 

"In  direet  ailing  pumping  engines  notable  progress  since 
the  Centennial  was  shown  by  the  Worthington  high  duty  en- 
gine, with  which  you  are  all  familiar.  In  direct-acting  pumps 
of  smaller  size  a  good  many  have  come  into  existence  since 

that  time,  and  as  in  steam  engines,  compounding  is  fast  gain- 
ing ground. 

"  Another  noticeable  feature  is  the  growing  popularity  of 
independent  e  indensing  apparatus.  Such  apparatus  has  been 
in  limited   use  for  a  long  time,  but  it   has  been    brought  to  its 

present  state  of  perfection  since  tin-  Centennial.  Very  line 
adaptations  were  shown  at  Chicago,  not  less  noticeable  for 
their  creditable  operation  than  for  compactness  of  arrangement 
and  51  il  design. 

"  A.  great  impulse  Bvas  undoubtedly  given  to  this  branch  of 
steam  engineering  by  the  advent  of  high  speed,  and  recent 
progress,  as  illustrated  at  Chicago,  has  been  very  decided. 

"  An    unfortunate    feature   of    the    engine    exhibit    was    the 

numerous  breakdowns  and  failures  of  sonic  of  the  engines 
which  were  apparently  in  the  experimental  stage,  something 
that  was  not  to  be  expected  at  an  exhibition  of  the  character 
of  this.  It  would  seem  to  be  a  poor  place  to  try  experiments. 
Some  failure  is  to  be  expected  in  the  instance  of  a  new  depar- 
ture in  construction,  and  it  is  generally  the  case  that  some  of 
the  details  must  be  changed  or  modified.  But  visitors  gener- 
ally conclude  that  this  has  already  been  attended  to,  as  it 
ought  to  be,  before  public  exhibition,  and  their  criticism  is. 
and  justly,  of  what  is  and  not  of  what  might  have  been." 

The  paper  was  followed  by  an  interesting  discussion  which 
lack  of  space  prevents  us  from  publishing. 


PNEUMATIC  HOIST  IN  THE  SHOPS  OF  THE 
NEW  YORK,  NEW  HAVEN  &  HARTFORD 
RAILROAD. 


In  our  last  issue  we  illustrated  a  pneumatic  hoist  which  is 
in  use  in  the  shops  of  the  Philadelphia  &  Reading  Road,  at 
Reading,  Pa.  These  pneumatic  hoists  are  becoming  more  and 
more  common  throughout  the  railroad  shops  of  the  country, 
and  we  know  of  one  private  shop  in  Ohio  where  the  whole 
plant  is  thoroughly  equipped  with  pneumatic  arrangements 
for  hoisting  and  conveying. 

The  New  York,  New  Haven  &  Hartford  shops,  at  New 
Haven,  Conn.,  have  quite  a  complete  system  of  pneumatic 
arrangements  for  hoisting,  and  all  of  the  large  machine  tools 
are  provided  with  hoists.  The  plant  consists  of  two  Westing- 
house  pumps  located  in  the  engine-room,  which  supply  the 
compressed  air  to  a  reservoir.  The  air  is  run  under  a  pressure 
of  about  75  to  80  lbs.  to  the  square  inch,  and  is  led  by  pipes 
throughout  the  shops.  Three  sizes  of  hoists  are  used,  two  of 
which  we  illustrate  in  the  accompanying  engravings.  These 
two  are  the  largest  and  smallest  that  are  used.  The  third  one 
is  intermediate  between  the  two.  It  will  be  seen  that  in  the 
larger  hoist  the  cylinder  is  made  of  cast-iron  heads  bolted  to 
flanges  in  the  ordinary  way.     The  hook  beneath  is  held  to  a 
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swivel  chain,  which  is  in  turn  screwed  rigidly  to  the  piston- 
rod.  The  general  details  of  the  piston  and  cylinder  heads  arc 
clearly  shown  on  the  engraving.  The  piston  itself  is  a  hub 
of  cast  iron  with  a  leather  cup  packing  bent  down  toward  the 
piston-rod  and  held  in  position  by  a  follower  bolted  up  from 
the  under  side.  This  packing  runs  over  a  ring  made  of  No.  3 
spring  wire,  which  allows  an  elasticity  in  the  corner  and  serves 
to  protect  the  leather  from  wear,  as  well  as  to  give  it  a  flexi- 
bility which  is  very  desirable  for  this  pneumatic  work,  where 
the  pressure  is  apt  to  be  suddenly  applied,  and  unless  there  is 
.1  tendency  to  hold  the  latter  out  tightly  there  might  be  a  detri- 
mental leakage.  The  .smaller  of  the  two  hoists,  which  is  only 
',  j  in.  outside  diameter,  is  made  of  a  brass  tube  No.  8  stubs 
wire  gauge.  This  tube  is  set  into  the  cylinder-head  at  either 
end.  which  is  in  turn  held  together  by  eight  g  in.  bolts,  as 
shown  on  the  engraving.  Tins.'  cylinders  are  hooked  into  a 
ring  fastened  rigidly  into  the  overhead  work  of  the  shop,  or 
else  hung  from  trolleys  which  have  a  considerable  movement 
and  are  supplied  with  air  through  a  hose. 

The  largest  size  cylinder  will  readily  pick  up  a  pair  of  loco- 
motive driving-wheels  at  the  rate  of,  we  should  judge,  30  ft. 
a  minute,  which  is  rapid  enough  for  any  ordinary  handling. 
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The  length  of  the  cylinders  are  made  to  suit  the  hoist  which 
is  required,  but  the  larger  size  in  the  driving  wheel  shop  are 
made  36  in.  long,  which  gives  a  stroke  of  33  in.  In  a  future 
issue  we  trust  to  be  able  to  publish  a  full  and  complete  account 
of  a  pneumatic  plant  as  applied  to  a  large  shop,  showing  all 
of  the  various  apparatus  that  has  been  designed  therefore. 

The  valves  which  are  used  on  the  New  Haven  Road  are 
globe  valves,  admitting  the  air  beneath  the  piston  and 
exhausting  into  the  atmosphere  of  the  shops  by  the  same 
means.  The  packing  is  tight  enough,  so  that  the  weight  can 
be  held  suspended  safely  without  any  danger  of  settling  for 
an  almost  indefinite  time.  The  uses  of  compressed  air,  as  we 
have  already  said  in  describing  the  Norwalk  air  compressor 
in  another  column,  is  meeting  with  wider  and  wider  applica- 
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tion  for  shop  uses  and  hoisting  purposes,  and  is  well  worthy 
the  investigation  of  those  who  are  interested  in  the  economi- 
cal production  of  machine  work. 


THE  FIRST  CLASS  BATTLESHIP  "  ROYAL  OAK. 


The  Royal  Oak,  built  by  Messrs.  Laird  Brothers,  of  Birken- 
head, is  one  of  the  largest  battleships  constructed  for  the  Brit- 
ish Navy,  and  was  built  under  the  Naval  Defense  Act.  Her 
dimensions  are  :  Length,  380  ft.;  breadth,  75  ft.;  mean  draft, 
27.(5  ft. ;  displacement,  14,150  tons;  freeboard  forward,  19.fi 
ft.;  aft,  18  ft.;  indicated  H.P.  natural  draft,  9,000;  forced 
draft,  11,000  ;  speed,  natural,  16  knots  :  forced,  17+  knots  ; 
coal  carried  at  the  designed  load  draft,  900  tons  ;  coal  endur- 
ance at  10  knots,  5,000  knots  ;  total  weight  of  armament, 
1,910  tons;  height  of  heavy  guns  above  water-line,  23  ft.; 
length  of  the  belt  or  side  armor,  250  ft.;  greatest  thickness, 
18  in.;  protective  deck,  3  in.;  total  weight  of  armor,  backing, 
and  protective  deck,  about  4,500  tons.  As  befits  her  enormous 
bulk  and  weight,  the  construction  of  the  ship  has  been  made 
exceptionally  strong.  The  hull  alone  absorbs  over  9,500  tons 
of  the  total  displacement.  She  is  built  entirely  of  mild  steel, 
the  stem  and  stern-posts  and  shaft  brackets  being  formed  of 
steel  castings.  The  hull  from  end  to  end  is  largely  sub- 
divided, for  the  purpose  of  minimizing  to  the  fullest  possible 


extent  the  danger  arising  from  damage  to  the  bottom  plating 
from  rocks  or  torpedoes,  and  that  this  form  of  construction  is 
effectual  was  exemplified  when  H.M  S.  Hove  went  ashore  at 
Ferrol.  The  framework  has  been  specially  designed  with  ref- 
erence to  the  great  Weight  to  be  carried,  and  addilional  stiff- 
ness is  secured  by  double  longitudinal  bulkheads,  which  form 
a  passage  for  easy  communication  below  the  water  line  from 
end  to  end,  and  within  these  are  placed  the  auxiliary  maga- 
zines.  A  protective  steel  deck,  2+  in.  in  thickness,  extends 
under  water  from  the  bow  for  about  76  ft.,  and  from  the  stern 
for  a  distance  of  about  72  ft  From  this  deck,  and  resting 
upon  an  armor  shelf,  is  built  a  belt  of  steel-faced  armor,  with 
a  backiug  of  teak.  The  lower  edge  of  the  belt  extends  5  ft. 
6  in.  below  the  load  draft-line,  while  the  upper  edge  is  carried 
3  ft.  above  the  line.  The  greatest  thickness  is  18  in.,  the  belt 
itself  extending  over  a  length  of  250  ft.,  out  of  a  total  length 
of  380  ft.,  and  terminating  in  armored  bulkheads.  At  the  fore 
and  after  ends  of  the  belt,  and  rising  directly  from  the  protec- 
tive deck,  are  the  barbettes,  strongly  framed  in  mild  steel,  pro- 
tected by  teak  backing  and  armor  17  in.  thick.  Superimposed 
upon  the  thick  belt  is  placed  another  belt  of  light  armor,  4  in. 
thick  at  the  sides  and  3  in.  on  the  screens,  running  across  the 
ship,  and  behind  this  side  armor  coal  bunkers  are  arranged, 
whereby  additional  protection  is  secured.  On  the  level  of 
upper  edge  of  the  armor  belt  there  is  also  a  3  in.  steel  deck, 
worked  so  that  horizontal  deck  protection  extends  from  end  to 
end.  The  guns  are  protected  by  6  in.  screens,  and  the  gun 
crews  by  armored  emplacements,  and  in  order  to  procure  a 
safe  passage  for  the  ammunition  from  the  several  magazines 
to  the  gnns  of  the  secondary  armament,  armored  tubes  have 
been  specially  fitted.  It  is  also  to  be  noted  that,  with  a  view 
of  preventing  water  from  finding  its  way  below  the  protective 
deck,  means  are  provided  for  closing  the  several  openings  by 
water  tight  covers,  while  in  the  case  of  those  which  must 
necessarily  remain  open,  coffer  dams  have  been  fitted  with  the 
same  object.  She  is  lighted  throughout  with  an  installation 
of  over  620  electric  lights,  and  equipped  with  four  search 
lights  of  25,000-candle  power,  each  of  which  will  be  worked 
by  dynamos  under  protection.  The  ship  in  action  will  be 
fought  from  either  of  two  conning  towers,  of  which  the  for- 
ward one  is  armored  to  the  extent  of  14  in.,  and  the  after  one 
to  3  in.  The  port  and  starboard  engine  and  boiler  rooms  are 
separated  by  middle-line  longitudinal  bulkheads  extending  the 
whole  length,  and  there  are  also  longitudinal  bulkheads  at  the 
sides  extending  throughout  the  machinery  space,  forming  coal 
bunkers  and  wing  spaces.  On  the  platform,  debris,  and  lower 
decks  is  placed  the  auxiliary  machinery  for  the  working  of 
the  ship,  including  steering  engines,  electric  engines,  and 
hydraulic  pumping  engines,  as  well  as  a  fully  equipped  work- 
shop and  numerous  store-rooms.  The  officers  and  crew  are 
placed  on  the  main  and  belt  decks.  The  officers'  accommo- 
dation consists  of  very  completely  fitted  cabins  situated  aft, 
the  superior  officers  beiug  located  on  the  main  deck.  The 
admiral's  suite  of  rooms,  which  are  especially  handsomely 
fitted,  are  at  the  extreme  aft  end  of  the  main  deck,  and  com- 
municate with  a  handsome  stern  walk.  The  upper  deck  ex- 
tends from  stem  to  stern  without  a  break,  and  above  it  is  a 
continuous  bridge-deck  extending  the  whole  length  between 
the  barbettes,  and  on  this  deck  are  the  conning  towers  sur- 
mounted by  the  navigating  bridge  and  chart  house.  The 
boats,  of  which  there  are  21,  including  two  torpedo  boats,  are 
stowed  amidships.  A  strong  steel  derrick  is  fitted  to  the 
mainmast  for  lifting  them,  and  the  foremast  is  also  fitted  witli 
a  derrick  for  working  those  of  a  lighter  description.  The  masts, 
which  are  built  of  steel,  are  fitted  with  military  and  signaling 
tops,  and  there  are  two  funnels  on  the  same  athwartship  lines. 
The  armament  of  the  Royal  Oak  will  comprise  four  13.5-in. 
67-ton  guns,  mounted  en  barbette  in  pairs,  and  firinir  a  projec- 
tile weighing  1,250  lbs.,  with  a  powder  charge  of  630  lbs.; 
ten  6-in.  100-pdr.  quick-firing  guns,  the  four  on  the  main  deck 
being  mounted  in  casemates  protected  by  6-in.  armor,  while 
the  six  on  the  upper  deck  are  mounted  on  sponsons  ;  sixteen 
6-pdr.,  and  nine  3-pdr.  quick  firers  ;  eight  small  machine 
guns  ,  and  two  9-pdr.  field  guns.  The  auxiliary  armament  is 
distributed  all  over  the  ship,  and  extends  from  bow  lo  Stern, 
the  top,  sides,  and  bridges  having  a  considerable  number  dis- 
posed upon  them.  The  main  armament  is  worked  by  hydraulic 
machinery,  supplied  by  Sir  W.  Armstrong.  Mitchell  &  Co. 
The  other  guns  are  all  worked  by  hand,  the  6-in.  by  one  man, 
the  others  being  employed  for  feeding  purposes.  The  ship  is 
also  fitted  with  seven  torpedo  tubes,  of  which  two  are  sub- 
merged. The  number  of  torpedoes  carried  is  18.  The  main 
propelling  machinery  consists  of  two  sets  of  engines  of  the 
triple  expansion  inverted  type.  Each  set  is  placed  in  a  sepa- 
rate engine-room.  The  cylinders  are  40  in.,  59  in.,  and  88  in. 
in  diameter  respectively,"  with  a  stroke  of  51  in.;  they  are 
entirely  independent  castings,   and    are  boiled   together  by 
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brackets.  The  receivers  consist  of  copper  pipes  attached  to 
gun-metal  branches,  and  expansion  joint  stumng  boxes.  The 
whole  of  the  cylinders  are  steam  jacketed,  the  working  barrels 
of  the  high-pressure  being  of  forged  steel,  and  those  of  the 
low  and  intermediate-pressure  cylinders  of  cast  iron  ;  the  .slide- 
valves  for  the  high  and  intermediate  pressure  being  of  the 
piston  type,  whereas  the  low-pressure  cylinders  have  fiat 
double-ported  valves.  A  special  type  of  relief  ring  is  fitted  at 
the  back  of  these  fiat  valves.  Balance  cylinders  are  fitted  to 
the  high-pressure  and  intermediate  valves,  and  assistant  cyl- 
inders tn  the  low,  to  reduce  the  strain  <>n  the  valve  sear  as  far 
as  possible.  The  valve-gear  is  of  the  double-eccentric  link- 
motion  type,  and  is  moved  by  means  of  a  double-cylinder 
starting  engine.  The  column's  are  of  wrought  steel.  The 
main  c  mdensers,  which  are  of  brass,  have  a  collective  cooling 
surface  of  14,500  sq.  ft.  The  steam  is  condensed  outside  the 
tubes,  the  circulating  water  passing  through  them.  The 
water  is  supplied  by  four  18-in.  Allen's  centrifugal  pumps, 
each  driven  by  an  independent  engine.  Suet  ions  are  also  led 
to  the  bilges  from  these  pumps,  which  give  a  total  bilge  pump 
power  of  4,400  per  hour.  The  crankshaft  for  each  set  of 
engines  is  in  three  separate  pieces,  the  cranks  being  set  at  120° 


and  worked  by  independent  engines.  The  combined  cooling 
surface  of  these  two  auxiliary  condensers  is  1,800  sq.  ft.  In 
the  main  engine-rooms  there  are  also  two  double-cylinder  turn- 
ing engines,  two  evaporators  with  independent  feed  pumps, 
two  distillers  with  circulating  and  distributing  pumps,  four 
No.  2  Admiralty  type  main  feed  pumps,  of  ample  size  to  sup- 
ply the  whole  of  the  boilers  in  full  power,  and  four  double- 
cylinder  double-acting  bilge  and  fire  pumps  of  No.  1  Ad- 
miralty tvpe.  A  pump  for  pumping  out  the  drain  tank,  and 
two  ventilating*  fans  t;  ft.  in  diameter,  each  driven  by  a  sepa- 
rate steam  engine.  In  the  boiler  compartment  there  are  eight 
fans  5  ft.  6  in.  in  diameter,  each  with  its  separate  engine,  for 
supplying  the  forced  draft  for  the  boilers,  and  also  four  double- 
cylinder  double-acting  auxiliary  feed  pumps  of  No.  2  Ad- 
miralty type.  The  weight  of  the  anchors  and  chain  cables  is 
130  tons,  and  if  the  cables  were  laid  out  in  a  single  line  they 
would  extend  about  one  mile.  The  tolal  weight  of  metal 
work  treated  in  the  construction  is  upward  of  9,000  tons,  and 
the  wages  expenditure  in  Birkenhead  represents  considerably 
over  £220,000,  which  is,  of  course,  exclusive  of  labor  in  manu- 
facture of  armor  plates,  forgings,  and  a  "variety  of  fittings 
from  sub-contractors. — The  Engineer. 


CROMWELL'S  SMOKE-BOX. 


to  one  another.  The  crank,  thrust,  and  propeller-shafts  are 
all  hollow,  an  8  in.  hole  being  bored  through  their  entire 
length,  and  they  are  each  forged  from  a  solid  steel  ingot. 
The  thrust-blocks  and  collars  are  of  cast  steel.     The  latter  are 

lined  with  white  metal,  and  are  of  the  ordinary  type.  The 
screw  propellers  are   four-bladed,  the   blades  and  bosses  being 

of  gun-metal.  Steam  is  supplied  bj  eighl  single-ended  cylin- 
drical return. tube  boilers,  working  at.  loo  lbs.  pressure  per 
square  inch,  and  being  15  ft.  4  in.  in  diameter  and  !)  ft.  4  in. 
long,  each  boiler  having  f  air  corrugated  furnaces  3  ft.  4  in. 

in  diameter.  The  total  grate  surface  is  7|o  sq.  ft,,  and  the 
total  heating  surface  20,174  aq.  ft.  For  the  purpose  of  shut- 
ting oil'  each  combustion  chamber   from   tin-  others,   and   also 

for  regulating  the  draft  in  same,  separate  dampers  are  fitted 
in  the  passage  from  each  through  tin'  smoke-boxes,  and 

arranged  to  work  the  same  conveniently  from  the  stokehold 
tl  ior.     Following  out  the  principle  of  subdivision,  each  two 

boilers  are  in  a  separate  watertight  compartment,  with  inde- 
pendent coal  supply,  separate  access  to  and  from  main  deck, 
etc.  The  exhaust  steam  from  the  whole  of  the  auxiliary 
machinery  in  the  ship  is  led  into  an  auxiliary  exhaust  pipe, 

which  is  i nected  both  with  the   atmosphere  by  means  of  the 

auxiliary  waste  steam  pipes  carried  up  outside  the  funnels,  and 
with  the  two  auxiliary  condensers,  one  in  either  engine-room. 
Bach  of  the  latter  condensers  hits  its  own  air  and  circulating 
pump  entirely  independent  of  those  for  the  main  condensers, 


CROMWELL'S   SMOKE  BOX. 


The  engravings  illustrate  a  form  of  smoke-box  designed  and 
patented  by  Mr.  A.  I.  Cromwell,  Superintendent  of  Motive  Pow- 
er of  the  Baltimore  iV  Ohio  Railroad,  and  'which  is  in  use  on 

that  line. 

Immediately  over  the  exhaust-pipe  a  "  basket,"  as  it  is  called, 
made  of  perforated  metal  plates,  is  placed.  This  is  of  the  form 
of  a  frustrum  of  a  cone,  as  shown.  The  open  top  of  this  is 
attached  to  horizontal  wire  netting,  as  shown,  and  encloses  the 
tli  exhaust-pipe  or  exhaust-nozzle.  The  effect  of  the 
blast  is  to  draw  the  products  of  combustion  through  the  per- 
forations in  the  basket.  The  smoke  and  llamesare  thus  drawn 
through  the  tidies.  In  front  of  these  openings,  which  lead  into 
the  smoke  box,  an  inclined  deflecting  plate  is  placed,  which 
causes  the  currents  to  be  deflected  downward  and  toward  the 
front  of  the  smoke-box.  They  then  turn  upward  and  part  of 
them  pass  through  the  openings  in  the  basket  and  part  pass 
through  the  netting.  They  thus  momentarily,  as  it  were,  come 
to  a  stale  of  rest,  when  the  cinders  f:il I  and  remain  in  the  bot- 
if  the  forward  end  of  the  smoke-box,  from  which  they 
may  be  removed  by  the  spark  ejector,  shown  very  clearly  in 
the  front-end  view. 

This  arrangement  has  been  applied  to  a  number  of  engines 
on  the  road  referred  to,  and  is  working  very  satisfactorily. 
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THE    RIVETING    PRESSURES    REQUIRED    FOR 
BRIDGE  AND  BOILER  WORK. 


At  a  general  discussion  of  this  subject  before  the  Engineers' 
Club  of  Philadelphia,  Mr.  Wilfred  Lewis  referred  to  a  number 
of  letters  received  expressing  interest  in  the  subject,  and  read 
a  letter  from  Mr.  David  Townsend  stating  that  he  was  pre- 
pared for  the  manufacture  of  rivets  to  be  driven  cold,  a  num- 
ber of  which  were  exhibited. 

In  regard  to  the  pressure  required  for  driving  such  rivets, 
Mr.  Lewis  recalled  some  experiments  made  by  William  Sel- 
lers &  Co.,  Incorporated,  between  the  compression  platforms 
of  their  testing-machine.  A  number  of  1-in.  rivets  were  sub- 
jected to  pressures  between  10,000  and  60,000  lbs.  At  10,000 
lbs.  the  rivet  swelled  and  filled  the  hole  without  forming  a 
head.  At  20,000  lbs.  the  head  was  formed  and  the  plates  were 
slightly  pinched.  At  30,000  lbs.  the  rivet  was  well  set.  At 
40,000  lbs.  the  metal  in  the  plate  surrounding  the  rivet  began 
to  stretch,  and  the  stretching  became  more  and  more  apparent 
as  the  pressure  was  increased  to  50,000  and  60,000  lbs.  From 
these  experiments  the  conclusion  might  be  drawn  that  the 
pressure  required  for  cold  riveting  was  about  300,000  lbs.  per 
square  inch  of  rivet  section.  In  regard  to  the  pressure  for 
hot  riveting,  he  said  that  until  quite  recently,  within  the  last 
decade,  there  was  never  any  call  for  a  pressure  exceeding 
60,000  lbs.,  but  that  now  pressures  as  high  as  150,000  lbs.  were 
not  uncommon,  and  even  300,000  lbs.  had  been  contemplated 
as  desirable. 

A  letter  from  Mr.  Henry  G.  Morse,  President  of  the  Edge 
Moor  Bridge  Works,  was  also  read  apropos  of  the  discussion 
at  the  previous  meeting  on  the  strength  of  bolts  as  developed 
by  long  or  short  nuts. 

Mr.  F.  H..  Lewis :  I  have  never  seen  a  riveter  of  any  kind 
that  can  always  be  relied  upon  to  drive  the  rivets  tight.  Even 
those  having  pressures  of  75  tons  sometimes  drive  rivets  that 
are  loose,  and  this  is  probably  due  to  the  buckling  of  the 
plates. 

Mr.  Henry  G.  Morris  :  I  have  here  an  old  sample  which  is 
intended  to  show  that  even  the  old  toggle-joint  riveter,  if 
properly  worked,  will  drive  rivets  that  till  the  holes  even  when 
they  are  badly  matched. 

Mr.  Henry  J.  Hartley  :  This  is  a  question  which  is  occupy- 
ing a  great  deal  of  attention  at  present  among  bridge  and 
boiler  men,  and  I  know  that  some  series  of  tests  to  get  at  the 
facts  are  now  being  carried  on.  The  necessary  pressure  must, 
of  course,  be  enough  to  upset  the  bolt  and  form  a  head  upon 
it  ;  but  this  will  vary  with  the  fitting  of  the  holes,  the  tem- 
perature, and  several  other  conditions.  Books  give  little  data 
on  the  subject,  but  I  think  the  matter  is  of  great  importance, 
and  would  like  to  see  it  continued  at  another  meeting,  with 
the  hope  that  more  positive  facts  can  be  given.  I,  for  one, 
will  try  to  have  something  a  little  more  definite.  My  per- 
sonal opinion  now  is  that  machine-driven  riveters  do  better 
work,  and  that  the  fault  lies  in  the  wtay  that  they  are  used, 
the  riveter  being  generally  run  at  one  pressure,  no  matter 
what  the  diameter  of  the  bolt  and  the  thickness  of  the  plates. 
,"Mr.  James  Christie  :  I  remember  many  years  ago  in  the 
West  they  used  to  drive  boiler-rivets  cold,  but  afterward 
abandoned  it  on  account  of  the  deterioration  in  quality  of  the 
rivet  iron. 

Since  critical  systems  of  inspection  and  testing  matei  ial  have 
become  common,  the  importance  of  having  rivets  solidly 
driven  has  been  more  thoroughly  appreciated  than  formerly. 
Hand  work  is  avoided  where  possible,  and  higher  pressures 
are  used  than  before.  Machines  are  preferred  that  will  de- 
liver the  maximum  pressure  to  the  rivet  with  certainty.  The 
direct  hydraulic  ram  has  the  advantage  of  compactness,  and 
when  its  fluid  is  stored  in  an  accumulator  there  is  a  sudden 
impact  or  elevation  of  static  pressure  on  the  rivet  at  the  ter- 
mination of  each  stroke— a  circumstance  highly  favorable  to 
the  riveting  operation. 

figlt  has  been  found  in  girder  work,  that  for  red-hot  rivets  of 
iron  or  soft  steel,  with  length  of  grip  not  exceeding  three 
diameters,  a  pressure  of  50  tons  per  square  inch  of  rivet  sec- 
tion has  been  sufficient  to  completely  fill  the  hole.  Longer 
rivets  require  higher  pressure,  and  in  extreme  cases  this 
pressure  must  be  doubled  to  secure  solidity.  The  shape  of 
the  head  can  be  modified  to  a  form  favorable  for  the  flow  of 
metal  into  the  body.  The  results  of  some  experiments  are 
submitted  on  the  board,  illustrating  the  advantage  of  high 
pressure  on  the  riveted  joint. 

-•  At  a  subsequent  meeting  Mr.  Henrik  V.  Loss  exhibited  a 
number  of  indicator  cards  taken  b}T  him  from  a  bridge  riveter 
at  the  Pencoyd  Bridge  Works  a  couple  of  years  ago,  by  using 
a  common  steam  indicator  in  connection  with  a  pressure  pro- 
ducing cylinder.  These  showed  great  variation  in  pressures 
existing  iwith  rivets  of  one  dimension,  amounting  to  about 


50  per  cent,  for  f-in.  rivets,  and  25  per  cent,  for  larger  ones. 
Although  it  is  almost  useless  to  try  to  formulate  definite  rules 
for  the  power  necessary  to  do  the  work,  it  will  be  seen  that  if 
the  average  be  introduced  in  comparing  the  two  sizes,  this 
average  pressure  amounts  to  about  1,800  lbs.  per  square  inch 
on  a  10-in.  cylinder,  which,  when  subtracting  the  pullback, 
gives  65  tons  for  either  f  or  |-in.  rivets.  Does  this  mean  that 
a  large  rivet  takes  no  more  power  than  a  smaller  one  ? 

It  is  a  fact  that  in  many  cases  of  upsetting,  a  small  rivet 
requires  greater  power  than  a  large  one,  probably  due  to  the 
rapid  cooling  effect  of  the  surrounding  cold  dies  upon  the 
heated  bar. 

A  greater  pressure,  however,  is  necessary  for  boiler  work, 
and  f  or  -j-in.  rivets  with  grips  like  those  used  in  bridge  work 


16-INCIl   PHOJECTILE   PKESS. 

-would  require  at  least  75  to  80  tons,  although  for  the  smaller 
grips  that  usually  prevail  a  pressure  of  65  tons  for  the  alwve 
dimensions  would  be  sufficient  Upsetting  a  short  rivet  is  a 
fair  test  of  the  strength  of  metal,  for  which  definite  rules  win 
doubtless  be  laid  down  for  the  power  required  with  reference 
to  the  diameter,  but  with  long  rivets  this  becomes  almost  im- 
possible, as  it  can  readily  be  supposed  that  for  each  length 
there  is  a  corresponding  diameter,  which  will  give  the  smallest 
resistance  per  square  inch  of  metal,  a  fact  which  was  corrob- 
orated by  the  great  irregularities  in  power  lines  of  the  cards 
shown  that  were  taken  from  this  class  of  work. 

With  regard  to  the  energy  consumed,  a  i-in.  rivet  needs 
about  7.200  foot-pounds,  while  a  -j-in.  rivet  requires  about 
0,500  foot-pounds  to  form  a  head  and  till  the  hole,  if  the  work 
is  about  in  the  proportion  of  the  squares  of  the  diameters. 
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Whether  this  relation  holds  good  for  other  dimensions  will 
have  to  be  determined  by  further  experiment.  It  has  been 
observed  also  that  the  energy  in  foot  pounds  necessary  to 
upset  a  rivet  and  the  displacement  of  metal  in  the  rivet  due  to 
the  upsetting  are  in  the  same  ratio. 

Mr.  James  Christie  :  I  have  observed  that  the  pressure  re- 
quired to  upset  small  rivets  is  very  much  larger  per  unit  of 
area  and  sometimes  absolutely  greater  than  for  large  rivets. 
It  is  very  important  to  consider  in  this  connection  the  char- 
acter of  the  holes  and  the  resulting  resistance  to  tlow  of  the 
metal.  With  lj-in.  rivets,  we  have  always  found  a  pressure 
of  150  tons  amply  sufficient  to  make  a  tight  joint  and  have  the 


1£  in.,  and  riveted  with  pressures  varying  from  25  to  100  tons. 
It  was  found  that  the  best  pressures  to  use  for  different  sizes 
of  rivets  were  as  follows  :  For  fin.,  25  tons  ;  for  fin.,  33 
tons  ;  for  -J-in.,  50  tons  ;  for  1-in.,  66  tons  ;  for  H-in.,  75  tons, 
and  for  lj-in.,  100  tons. 

We  have  found  that  the  rivet  to  make  a  close  joint  should 
be  hotter  under  the  head  than  at  the  end,  and  if  it  is  equally 
heated  we  cool  the  end  by  dipping  it  in  water  immediately 
before  inserting  it  in  the  plates. 

Mr.  Jeffries  (visitor)  :  A  series  of  exhaustive  experiments 
wire  made  at  the  Naval  Dock  Yards  in  England,  which  gave 
results  almost  identical  with  those  described  by  Mr.  Vauclain. 


**  P1P£ 
SIDE  AND  FRONT  ELEVATION  OF  24-INCH  GEAlt  PRESS,  BUILT  BY  WATSON  &  STILLMAN. 


rivets  fill  the  holes.  The  latter  is  the  main  consideration,  and 
to  accomplish  it  it  would  seem  that  the  higher  the  pressure 
the  better,  up  to  a  point  where  the  plates  would  be  put  und  t 
dangerous  tension  by  the  expansion  of  the  rivet  body. 

Mr.  S.  M.  Vauclain  :  A  very  important  point  to  be  consid- 
ered is  the  condition  of  the  rivet  itself  before  being  driveu.  It 
should  be  at  exactly  the  right  heat,  and  this  is  difficult  to  de- 
termine  except  by  repeated  trials.  With  iron  rivets  and 
poorly  made  holes  we  have  found  in  boiler-work  that  it  does 
not  take  very  heavy  pressures  to  fill  the  holes,  provided  the 
rivets  have  been  properly  heated.  In  one  test  that  I  made  at 
the  Baldwin  Locomotive  Works,  I  had  six  plates  of  |in.  iron 
drilled  with  holes  of  diameters  varying  by  i  in.  from  f  to 


Several  years  ago  it  was  found  that  with  thicknesses  of  g  and 
|-in.,  plate  closing  was  entirely  unnecessary,  but  with  1-in. 
plates  and  thicker,  it  seems  at  least  to  be  very  desirable.  The 
difference  of  opinion  on  this  subject  is  probably  due  to  the 
lack  of  uniformity  in  the  method  of  operating  the  closing  and 
riveting  pressures  successively.  The  closing  pressure  should 
be  maintained  for  just  the  right  length  of  time  and  then  the 
pressure  transferred  to  the  rivet.  A  press  to  do  this  accu- 
rately has  been  designed,  I  believe,  but  is  not  yet  used  exten- 
sively in  practice. 

Mr.  Wilfred  Lewis:  William  Sellers  &  Co.,  Incorporated, 
have  built  a  machine  in  which  the  pressure  can  be  accurately 
managed    by    the    operator,   so    as    to  be.  applied    first    to 
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closing  and  then  transferred  to  the  rivet.  I  have  a  letter  from 
Mr.  John  T.  Boyd,  in  which  he  speaks  of  hydraulic  rivet- 
ing as  being  preferable  when  it  can  be  used,  and  recommends 
a  plate  closer  when  there  is  not  absolute  certainty  of  the  rivet- 
ing machine  making  tight  work  without  it.  He  also  favors 
an  accumulator  in  which  the  weights  can  be  dropped  to  vary 
the  pressure  applied  to  rivets  on  plates  of  varying  thickness 
as  opposed  to  one  which  furnishes  uniform  pressure  for  all 
kinds  of  work.  He  quoted  excellent  results  obtained  in  rivet- 
ing with  pressures  not  exceeding  20,000  lbs.  per  square  inch 
of  area  covered  by  the  formed  head  of  the  rivet,  but  believed 
that  the  make  of  rivets  and  the  thickness  of  plates  should  be 
taken  into  account  to  secure  the  most  satisfactory  results.  A. 
great  degree  of  uniformity  in  heating  rivets  can  be  obtained 
with  an  oil  or  gas  furnace. 

"  Mr.  James  Christie  :  I  may  say  that  we  have  found  in  bridge 
work,  in  driving  rivets  of  i  to  1  in.  diameter  through  thick- 
nesses of  5  or  6  in.,  that  it  was  best  to  use  a  plain  bar  and 
form  a  head  on  both  ends  at  the  same  time. 

.Mr.  John  Birkinbine  :  From  what  has  been  said  it  would 


Preserving  Tools  from  Rust. — A.  good  plan  for  preserving 
tools  from  rusting  is  the  simple  preparation  employed  by  Pro- 
fessor Olmstead,  of  Yale  College,  for  the  preservation  of  scien- 
tific apparatus,  and  which  he  long  ago  published  for  the  gen- 
eral good,  dccliniug  to  have  it  patented.  It  is  made  by  the 
slow  melting  together  of  six  or  eight  parts  of  lard  to  one  of 
resin,  stirring  till  cool.  This  remains  semi-fluid,  ready  for 
use,  the  resin  preventing  rancidity  and  supplying  an  air-tight 
film.  Rubbed  on  a  bright  surface  ever  so  thinly  it  protects 
and  preserves  the  polish  effectually,  and  it  can  be  wiped  off 
nearly  clean,  if  ever  desired,  as  from  a  knife  blade,  or  it  may 
be  thinned  with  coal  oil  or  benzine. — Royal  Engineers'  Journal. 
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seem  that  the  most  important  feature — namely,  the  quality  of 
the  iron  in  the  rivets,  is  often  neglected  in  its  considera- 
tion ;  but  in  locomotive  boiler  and  in  bridge  work,  when- 
many  lives  are  dependent  upon  it,  it  would  seem  that  noth- 
ing but  the  best  quality  obtainable  should  be  considered  as  fit 
for  use. 


Tfie  United  States  Projectile  Company,  a  portion  of  whose 
machinery  is  illustrated  in  another  column,  is  engaged  not 
only  in  the  manufacture  of  rapid-fire,  solid  drawn  projectiles 
of  4,  5,  and  6  in.  diameter  for  the  United  States 
Government,  but  also  of  gears  and  pinions  for 
usage  in  certain  places  where  the  service  is  very 
severe.  We  illustrate  herewith  two  presses 
which  were  made  for  them  by  Messrs.  ^Vatson 
&  Stillmann,  the  hydraulic  machinery  manufac- 
turers of  Mew  York. 

The  larger  of  the  two  presses  shown  has  a  cyl- 
inder 24  in.  in  diameter  and  48  in.  double-acting 
stroke,  and  the  smaller  have  10  in.  and  16  in. 
rams  of  48,  60,  and  72  in.  stroke.  The  larger  is 
intended  for  gear  work,  and  is  used  in  forcing 
the  blank  of  the  gear  through  the  dies  from 
which  it  emerges  compressed  and  finished. 

The  smaller  presses,  although  less  powerful, 
are  doing  the  more  interesting  work.  The  heated 
projectile  blank  is  placed  beneath  the  ram  and 
forced  through  dies  which  it  leaves  true  in  shape, 
straight,  and  ready  for  the  trimming  machine, 
which  is  illustrated"  in  another  column.  The  gen- 
eral construction  of  these  presses  is  very  clearly 
shown  in  the  accompanying  engravings.  The  up- 
right cylinder  is  supported  by  two  columns,  one 
on  either  side,  giving  a  free  opening  beneath  for  the 
handling  of  the  material.  The  head  of  the  ram 
has  a  cross-head  with  adjustable  bearings  guid- 
ing upon  the  upright.  The  end  of  the  ram  has 
a  special  shaped  head  for  clamping  the  drawing 
tools  to  it.  The  accessibility  of  the  packings  is 
a  prominent  feature  of  the  press  design.  The 
valve  which  is  located  upon  the  right  of  the  press 
is  in  one  of  them  beneath  the  level  of  the  floor 
and  is  of  peculiar  construction,  the  valves  being 
so  balanced  that  they  are  readily  operated  and 
cause  no  trouble  whatever. 

The  larger  of  the  two  presses  is  provided  with 
a  safety-valve  on  the  top,  so  as  to  prevent  ex- 
cessi  ve  pressure.  These  machines  are  very  power- 
ful and  occupy  very  much  less  floor  space  than 
those  which  were  previously  in  use  by  the  Pro- 
jectile Company.  The  pressure  of  2,500  lbs.  to 
the  square  inch,  which  is  used,"  gives  upon  the 
ram  of  16  in.  in  diameter  a  pressure  of  502,655 
lbs.,  and  on  the24-in.  press  the  enormous  pressure 
of  1,130.975  lbs. 

In  addition  to  the  large  accumulator  carrying  a 
heavy   pressure   there   is  one   carrying   a  lower 
pressure  of,  say,  from  100  to  125  lbs.  to  the  square 
inch,  and  this  is  so  arranged  in  connection  with 
the  valves  that  the  plunger  can  be  brought  down 
to  the  work  or  to  a  point  at  which  it  begins  to 
force  the  shell  or  the  gear  through  the  die.     Thus 
this  movement  is  accomplished  without  exhaust- 
ing water  which  has  been  pumped  into  the  ac- 
cumulator under  a  pressure  of  2,500  lbs.  to  the 
square  inch,   saving  a  considerable   amount  in 
footpounds    of    power.      When    the    plant    is 
operated  in  full  force  it  is  considered  that  this 
duplication  and  use  of  low-pressure  system  will 
effect  a  saving  of  more  than  2  tons  of  coal  per 
day. 
The  makers  "are  not  ready   as  yet  to  publish   the  details 
of  this  valve,  but   we  hope  in  a  future  issue  to  be  able   to 
show  the   complete  construction.     It  will   be  seen   from  the 
engravings  thai  there  are  three  valves  held  down  by  springs 
and  operated  by  the  lever  moving  through  a  quadrant  on  the 
side  of  the  machine. 
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ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


Tke  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  .such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  December, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   IN   DECEMBER. 

Columbia,  Pa.,  December  2.  —  Mart  M.  Hinkle,  an  engineer 
on  the  Pennsylvania  Railroad,  received  a  painful  injury  to- 
day. He  had  raised  the  lid  of  the  tank-box  when  the  wind 
blew  it  down  on  his  right  hand,  bruising  it  badly.  No  bones 
were  broken. 

Philadelphia,  Pa.,  December  2. — A  misplaced  switch  caused 
a  wreck  at  the  Broad  Street  Station  of  the  Pennsylvania  Rail- 
road this  evening.  A  train  from  the  Schuylkill  Division 
crashed  into  a  number  of  empty  cars  which  were  about  to  be 
made  up  on  the  main  line.  Fireman  Charles  F.  Bright  jumped 
from  the  train  when  he  saw  the  collision  was  inevitable,  and 
was  slightly  cut  about  the  head.  The  engineer  stuck  to  his 
post  and  escaped  injury. 

Camden,  N.  J.,  December  2. — Engineer  William  Tucker 
was  carried  by  a  runaway  engine  on  the  Reading  Railroad  at 
the  foot  of  Linden  Street  into  the  Delaware  River.  Tucker 
managed  to  crawl  out  of  the  cab-door  before  he  became  uncon- 
scious, and  was  then  helped  ashore. 

Fort  Worth,  Tex.,  December  4. — A  locomotive  on  the 
Texas  Pacific  exploded  its  boiler  shortly  after  noon  to-day 
about  a  mile  west  of  Eastland.  The  engine  was  running 
about  18  miles  an  hour  at  the  time.  Charles  F.  Elliott,  engi- 
neer, and  Jesse  Beaver,  fireman,  were  instantly  killed,  the 
bodies  being  thrown  100  ft.  from  the  point  of  the  explosion. 

Welch,  VV.  Va.,  December  6. — A  freight  train  on  the  Nor- 
folk it  Western  Railroad  broke  in  two  when  coming  through 
the  Flat  Top  tunnel  this  morning.  The  engineer  started  ahead 
with  the  front  end  to  prevent  a  collision.  When  passing  Cold 
Dale  Station  they  were  running  at  the  rate  of  40  miles  an  hour. 
On  a  stiff  down  grade  500  yds.  east  of  Mayberry,  the  engine 
jumped  the  track  between  two  trestles,  upset,  and  killed  En- 
gineer Stocker  and  Fireman  Rain.  The  two  men  were  killed 
almost  instantly,  and  their  bodies  rendered  almost  unrecogniz- 
able by  the  escaping  steam,  which  scalded  them  and  drove  the 
dirt  under  their  skin. 

South  Norwalk,  Conn.,  December  6. — An  engine  and  five 
cars  of  the  Pittstield  freight,  bound  north  on  the  Danburv  & 
Berkshire  Division  of  the  Consolidated  Road,  ran  off  an  open 
switch  at  Bethel  late  this  evening  and  were  wrecked.  It  is 
claimed  that  the  switch  was  thrown  by  the  running  away  of 
a  horse.     The  engineer  was  slightly  injured. 

Gardner,  Mass.,  December  7. — The  boiler  of  a  freight  engine 
on  the  Fitchburg  Railroad  exploded  at  Baldwinville  this  after- 
noon. Engineer  Otis  was  slightly  scalded,  and  Fireman  Wight 
was  blown  from  the  engine  across  twTo  tracks,  a  distance  of 
30  ft.     He  was  slightly  injured  on  the  back. 

Pittsburgh,  Pa.,  December  9. — Barney  Burke,  an  engineer 
on  the  Fort  Wayne  Road,  was  seriously  injured  this  morning 
by  being  caught  between  cars. 

Fort  Worth,  Tex.,  December  9. — An  engine  was  derailed  in 
the  Fort  Wayne  &  Denver  yards  this  afternoon  by  a  misplaced 
switch.  The  engineer  and  fireman  succeeded  in  jumping,  the 
engineer  being  slightly  injured  about  the  leg. 

Denison,  Tex.,  December  11.— E.  A.  Mather,  fireman  on  the 
Fort  Wayne  it  Denver  Road,  was  struck  by  bridge  timbers 
while  looking  out  of  the  cab  window  this  afternoon.  He  was 
unconscious  when  taken  from  his  seat,  anil  remained  so  until 
he  died. 

Terre  Haute,  Ind.,  December  11. — Engineer  Michael  Barry 
jumped  from  an  engine  on  the  Vandalia  mail  train  this  after- 
noon. A  switching  engine  had  backed  on  to  the  main  track 
just  ahead  of  him,  and  he  thought  a  collision  was  inevitable. 


After  reversing  the  engine  and  throwing  on  the  air-brakes  he 
jumped  and  was  knocked  insensible  by  the  fall. 

Littleton,  N.  H.,  December  12. — A  mail  train  on  the  Con- 
cord &  Montreal  Railroad  was  thrown  from  the  track  between 
Fabyans  and  Wing  Road  this  morning.  Andrew  G.  Pike,  en- 
gineer, was  injured  internally,  and  it  is  feared  fatally.  Fire- 
man Miller  was  scalded,  but  not  seriously. 

Allentown,  Pa.,  December  13. — A  Lehigh  Valley  engine 
crashed  into  a  freight  at  Chain  Dam  this  morning.  The  col- 
lision was  due  to  the  negligence  of  a  brakeman  in  not  signalling 
the  locomotive,  the  engineer  of  which  was  a  new  man.  Fire- 
man Keiper  was  slightly  injured. 

Wilkesbarre,  Pa.,  December  13.-— A  passenger  train  on  the 
Pennsylvania  Road  ran  into  a  switch  engine  near  Nanticoke 
this  morning.  Engineer  Newton  Fracc  had  his  leg  badly 
bruised.     M.  McDermott,  the  fireman,  had  his  wrist  sprained. 

Lancaster,  Pa.,  December  13.  — A  collision  occurred  on  the 
Pennsylvania  Road  through  the  breaking  in  two  of  a  freight 
train,  in  which  Engineer  Lilley  was  thrown  against  the  side  of 
the  car,  in  which  he  was  at  the  time,  and  his  left  side  and  face 
badly  bruised. 

Lucas,  O.,  December  14.— A  passenger  train  on  the  Pitts- 
burgh, Fort  Wayne  &  Chicago  Railroad  ran  into  the  rear  end 
of  a  freight  train  near  this  point  to-day.  Fireman  Martin  was 
badly  hurt. 

Dunkirk,  N.  Y.,  December  15. — A  Western  New  York  & 
Pennsylvania  passenger  train  crashed  through  a  20-ft  trestle 
into  a  creek  near  Herrick's  Roads  this  evening.  Benjamin 
McLane.  engineer  of  the  train,  had  his  ankle  sprained. 

Harrisburg,  Pa.,  December  15.— Frank  B.  Weaver,  a  Penn- 
sylvania Railroad  fireman,  was  seriously  injured  at  Parksburg 
to  night.  He  had  temporarily  changed  places  with  the  front 
brakeman,  and  while  applying  a  brake  the  chain  broke.  He 
was  thrown  from  the  car  by  the  whirling  of  the  brake.  He 
hail  three  terrible  gashes  on  his  head  and  a  fourth  wound 
above  the  right  eye.     His  back  was  also  severely  hurt. 

Terre  Haute,  Ind.,  December  l(i.—  Two  freight  trains  col- 
lided on  the  switch  tracks  of  the  Big  Four  Railroad  at  Grant 
Station  to-night.  The  engineers  and  firemen  jumped  and 
escaped  with  slight  injuries. 

Louisville,  Ky.,  December  17. — A  section  of  the  freight  train 
on  the  Chesapeake  it  Ohio  on  the  Southwestern  Railroad  was 
wrecked  this  morning.  The  engine  and  four  loaded  flat  cars 
were  thrown  down  a  steep  embankment.  Thomas  Keegan, 
engineer,  and  Jack  Downs,  the  fireman,  were  killed. 

Indianapolis,  Ind.,  December  18.  — An  extra  freight  on  the 
Indiana  it  Vincenues  Road  ran  through  an  open  switch  near 
Centerton,  20  miles  west  of  this  city,  this  evening.  •  The  switch 
had  been  left  open.  The  engineer  and  fireman  jumped  and 
escaped  with  slight  bruises. 

Milwaukee,  Wis..  December  18  — A  switch  engine  on  the 
Chicago,  Milwaukee  it  St.  Paul  Road  ran  into  two  sleeping- 
cars  this  evening.  Engineer  W.  W.  Cunningham  was  slightly 
injured. 

Augusta,  Ga.,  December  21. — A  fast  passenger  train  on  the 
Richmond  &  Danville  Railroad  ran  into  a  local  freight  train 
on  a  siding  at  Graniteville  to-day.  The  engineer,  Ficklin,  and 
Fireman  York  were  thrown  through  the  cab  window,  Ficklin 
being  horribly  scalded  by  escaping  steam.  Engineer  Hughes 
and  Fireman  Allen  of  the  freight  leaped  through  the  cab  be- 
fore the  collision. 

New  York,  N.  Y.,  December  22. — Henry  Stanford,  a  fire- 
man on  the  New  \ork  Central  Railroad,  while  walking  along 
the  top  of  the  train  was  knocked  off  by  a  low  bridge  at  One 
Hundred  and  Sixty-fourth  Street.  He  was  picked  up  bruised 
and  unconscious,  his  skull  having  been  fractured. 

Philadelphia,  Pa.,  December  22. — A  collision  occurred  on 
the  Philadelphia  it  Baltimore  Central  Railroad  at  South  Street 
Station  this  evening.  An  east-bound  passenger  engine  ran 
into  a  large  coal  car.  Engineer  Ed.  H.  Brown  and  Fireman 
Larry  Doran  were  badly  bruised. 

Coatesville,  Pa.,  December  25.— A  collision  occurred  be- 
tween two  engines  on  the  Pennsylvania  Railroad  this  morn- 
iug.  John  Michael,  an  engineer  on  one  of  them,  was  seriously 
injured. 

Ashland,  Wis.,  December  26. — A  freight  train  on  the  Du- 
luth,  South  Shore  it  Atlantic  Railroad  was  derailed  near  Trout 
Creek  to-day,  and  the  engine  and  six  cars  went  down  an  em- 
bankment 30  ft.  high.  Engineer  Mulford  died  a  few  minutes 
after  being  taken  from  the  wreck. 

Roanoke,  Va.,  December  27. — A  vestibuled  train  on  the 
Norfolk  it  Western  Railroad  ran  into  an  open  switch  at  Trout- 
ville  yesterday  morning.  It  collided  with  a  freight  train. 
J.  L.  Olney,  engineer  of  the  passenger  train,  and  Fireman 
J.  C.  Childress  were  severely  hurt  by  jumping. 

San  Antonio,  Tex.,  December  28.— A  bolt  driven  into  the 
point  of  a  split  switch  at  McDonough  on  the  Southern  Pacific 
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Railroad  this  evening  caused  an  east-bound  freight  train  to 
leave  the  track.  The  engine  turned  over  on  Engineer  Taylor 
and  Fireman  Turner.  Turner's  legs  were  crushed  and  he  will 
die.     Taylor  was  badly  bruised. 

St.  Paul,  .Minn.,  December  30. — A  train  on  the  Northern 
Pacific  Railroad  ran  into  a  deep  suowbank  between  Boulder 
and  Elkhorn  to-day,  the  engine  and  tender  being  jack-knifed. 
Engineer  Dennis  Q.  Delay  had  both  legs  amputated  below  the 
knees.  Fireman  John  Began  was  crushed  about  the  left  leg 
and  spine. 

Springfield,  O.,  December  30. — A  collision  occurred  between 
a  local  passenger  train  at  Quincy,  O.,  on  the  Ohio  Southern 
Road,  to-night.  Ed.  Jackson,  engineer,  and  Tbaddeus  Jones, 
fireman,  were  killed 

Our  report  for  December,  it  will  be  seen,  includes  31  acci- 
dents, in  which  six  engineers  and  six  firemen  were  killed,  and 
20  engineers  and  15  firemen  were  injured.  The  causes  of  the 
accidents  may  be  classified  as  follows  : 

Boiler  explosions 2 

Breaking  through  trestle 1 

Caught  between  cars 1 

Collisions 11 

Derailments 4 

Falling  of  tool-box  lid 1 

Jumping  from  engine 1 

Misplaced  switches 4 

Runaway  engines 2 

Running  into  snowbank 1 

Struck  by  obstruction 2 

Thrown  from  train 1 

31 


We  are  able  to  give  herewith  a  tabular  statement  of  loco- 
motive failures  on  another  prominent  road  in  which  the  data 
is  given  in  a  somewhat  different  form  from  those  heretofore 
published  in  these  pages.  The  table  will  repay  study  and  dis- 
cussion, and  criticism  is  invited. 

STATEMENT  <  >F  PASSENGER  TRAINS  FOR  NOVEMBER   1898,  AND 

FAILURES  OF   PASSENGER  ENGINES   IN  SAME  SERVICE  ON 

DIVISIONS  G,  H,  AND  I. 


Cause. 


Air-hose  bursting      .... 
Air-pump  giving  out. , . 

Air-drum  whistle 

A-h  pan  

Brake  disconnected 

Cylinder  bridge 

11       heaa. 

Crank-pin  hot 

Driving-box  hot 

Engine-track  hot  

Extniust  nozzle 

Follower  bolts 

Flue*  leaking 

Fin-  box  st&ybolts 

Injectors 

Injector  hose  uncoupling. 

Lubricator  glass 

Main  rod  strap 

"      "    key 

Parking  ring 

Piston-rod 

glaud 

Rocker  arm 

Side  rod  broken 

Spider 

Spring  hanger 

Tender-box  hot 

Valve  ;-eat 

Water  scoop 


No.  Time 


Min. 


is 


is 


No.  Time 


Min 
19 
45 

30 

3 


No.  Time 


211  ... 


If. 


,  M 
22 


Total 
No. 


Total 
Time 
Lost. 


H.  M. 
41 
45 
30 
5 
3 
30 
51 
50 

3    28 

211 
HI 
37 
25 
34 

6 
20 
18 
12 

7 
40 

5 
18 

■r. 
2    42 


Division. 

Total  No.         Total  No.         Totul  No. 
Trains.                                    Failures. 

Total  Time 
Lost. 



11 

2,34» 
::.2W 
18,449 

!ir..2s.j                 12 
250,111                  24 
182,109                   36 

n     M. 

2      57 
5      40 
7      51 

I 

METAL  UNDERFRAMES  FOR  FREIGHT  CARS. 


DETENTIONS  TO  TRAINS  FROM  FAILURES  OF 
PASSENGER  LOCOMOTIVES. 


By  G.  R.  Jouoiiins. 


The  paper  which  I  have  the  honor  of  reading  before  you 
to-night  is  one  giving  a  short  history  of  the  experience  which 
the  Norfolk  &  Southern  Railroad  Company  has  had  with  some 
iron  tubular  cars,  and  also  describing  an  experimental  steel  car 
designed  and  built  at  their  works.  It  was  with  a  great  deal 
of  hesitation  we  made  a  request  to  take  up  the  time  of  this 
club,  but  it  was  with  the  hope  that  we  could  make  a  contribu- 
tion of  some  value,  however  slight,  on  the  subject  of  steel 
freight  cars,  a  subject  which,  we  believe,  will  soon  assume  an 
important  place  in  the  railroad  economy  of  this  country. 

The   railroad   with   which   I  am  connected  was  opened  in 
1881.     It  runs  from  Norfolk,  Va.,  along  the  sea-coast  for  some 
distance  south,  through  a  country  which  is  intersected  by  wide 
rivers,  bays  and  sounds,  and  in  which  the  air  is  very  heavily 
charged   with  moisture.     A  very  few  years   after  the  road 
was  constructed  it  was  found  that  all  timber,  of  whatever 
kind  or  quality,  which  had  been  placed  in  exposed  positions, 
either  in  the  track,  on  rolling-stock  or  steamboats,  was  decaying 
very  rapidly.     As  soon  as  the  fact  that  the  climate  was  so 
peculiarly  destructive  to  timber  was  observed  by  the  officials, 
they   became  anxious  to  avoid  the  use  of  material  which  so 
quickly  deteriorates  ;  and,  in  connection  with  the  rolling-stock, 
the  Iron  Car  Company's  cars  were  brought  to  the  notice  of  the 
General  Manager.     The  result  was  that  in  August,  1888,  we 
leased  from  that  company  50  of  their  flat  cars  for  a  period  of 
five  years,  hoping  by  actual  experience  to  determine  what 
benefits  might  be  secured  from  the  use  of  iron  frames  instead 
of  wood.     Many  members  of  this  club  are  more  or  less  familiar 
with  the  cars  of  which  I  speak,  and  have  had  more  or  less  re- 
pairs to  do  upon  them  ;  I  think,  however,  that  very  few  have 
had  the  time  or  opportunity  to  look  at  this  car  in  detail,  to 
have  it  every  day  within  their  sight,  or  to  see  it  under  the  most 
favorable  circumstances  ;  and   are  therefore   not  sufficiently 
familiar  with  it  to  be  aware  of  its  good  features  and  to  know 
exactly  what  its  deficiencies  really  are.     I  have  been  looking 
at  these  cars  nearly  every  day  for  the  last  three  and  a  half 
years,  and  feel  compelled  to  say  that  it  is  very  seldom  indeed 
I  have  come  across  a  structure  in  which  the  details  are  so  well 
designed  as  the  details  of  these  cars,     it  appears  to  me  that 
the  draftman  was  an  artist  in  metal,  he  showed  a  profound 
knowledge  of  the  art  of  designing  malleable  iron  castings  ; 
every  detail  of  the  car  has  been  formed  on  the  most  correct 
theory  by  some  one  who  possesses  an  artistic  eye  competent  to 
combine  beauty  and  strength,  and  who  instinctively  cut  away 
every  ounce  of  superfluous  metal.     I  feel  that  I  cannot  too 
much  admire  the  cunning  of  the  hand  which  molded  these 
different  details,  and  adapted  them  so  perfectly  to  the  strains 
which  they  are  called  upon  to  withstand.     (I  have  here  some 
examples  of  these  details  which  will,  I  believe,  bear  criticism 
and  prove  my  praise  to  be  deserving.)    Another  excellent  and 
very  important  feature  of  these  cars  is  the  method  adopted 
for  attaching  the  various  parts  together  :  everything  is  held 
in  place  by  bolts  and  screws,  and  after  five  years'  service  I 
cannot  find  a  piece  loose,  nor  is  there  a  single  hole  which  is 
visibly  worn  out  of  shape  ;  a  gratifying  and  successful  result 
which  would  have  been  impossible  to  obtain  if  rivets  had  been 
used  to  join  any  parts  whatever.     When  I  speak  in  this  favor- 
able strain  of  the  tubular  iron  cars,  I  am  sure  that  some  of  the 
members  will  be  unable  to  understand  why  1  should  bestow  a 
word  of  praise  upon  them — that  is,  because  they  have  not  had 
the  opportunity  to  distinguish  between  their  design  in  detail 
and  their  design  as  a  whole.     I  understand  that  very  few  rail- 
roads can  find  a  good  word  to  say  in  their  behalf,  and  that 
they  must  prefer  seeing  them  on  their  neighbor's  track  instead 
of  on  their  own.     This  is  because  the  car  possesses  some  de- 
fects in  general  design  which  are  fatal  to  its  successful  use 
under  the  heavy  handling  which  cars  receive  on  railroads  at 
the  present  day.     I  believe  it  was  able  to  stand  the  shocks  re- 
ceived by  cars  a  few  years  ago,  before  the  era  of  heavy  motive 
power  and  improved  draft-rigging,  and  before  the  yardmen 
found  out  how  much  more  the  improved  appliances  would 
stand   without  visible  breakage.      These   weaknesses  mostly 
arise  frcm  a  very  radical  departure  from  previous  practice, 
which  the  original  designer  or  inventor  of  this  car  saw  fit  to 
make,  by  reducing  the  number  of  the  sills,  and  by  introduc- 
ing new  and  untried  attachments  for  the  draft  gear.     The  car 
was  also,  I  believe,  designed  to  catch  a  wave  of  popularity. 
It  was  something  which  could  be  talked  about  in  a  fascinating 
way,  as  the  tubes  of  which  it  is  constructed  represents  to  the 
mind  of  the  uneducated  engineer  the  greatest  possible  com- 

•  Paper  read  January  18  before  the  New  York  Railroad|Club. 
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bination  of  strength  and  lightness,  a  fallacy  which  is  a  very 
popular  article  of  belief  among  laymen.  You  are  probably 
aware  that  the  sills  are  constructed  of  eight  tubes  placed  to 
form  four  sills,  and  designed  to  carry  60,000  lbs.,  but  they 
are  altogether  too  weak  to  support  such  a  load,  and  when  the 
car  is  loaded  uniformly  to  its  full  capacity,  the  sills  assume  a 
sinuous  or  curved  line  which  immediately  show  their  inherent 
weakness  ;  and  when  the  car  is  loaded  heavily  at  a  point  about 
midway  between  the  supports  of  the  sills,  then  they  are  cer- 
tain to  bend  badly,  and  show  far  more  deflection  than  wooden 
sills  under  a  similar  load.  Another  great  mistake  (the  greatest 
mistake  of  all)  was  made  by  using  four  sills  instead  of  the  six. 
which  we  are  accustomed  to  use  in  cars  made  of  timber.  It 
was  evidently  done  to  enable  the  builder  to  produce  a  car 
which  would  be  light  compared  to  the  load  which  it  was  in- 
tended to  carry.  It  was,  however,  a  very  grave  error  to  lower 
its  strength  so  much  as  to  imperil  its  future  for  the  sake  of  a  few 
pounds  in  weight  ;  the  absence  of  centre  sills  necessitated  some 
new  design  of  draft  rigging,  and  the  unusual  step  was  taken 
of  constructing  it  so  that  all  the  pulling  strains  were  taken 
directly  on  the  end  sills,  and  all  the  buffing  strains  on  the  body 
bolster,  parts  which  were  not  made  strong  enough  to  with- 
stand the  heavy  service  on  large  roads  and  which  consequently 
are  nearly  always  in  a  stale  of  collapse.  There  is  also  a  pecul- 
iar arrangement  of  tail  bolt  and  colter  which  gives  a  great  deal 
of  trouble.  This  draft-gear  and  the  means  of  fastening  it  to 
the  cars  form  the  most  fatal  objection  to  their  use.  they  are 
the  parts  which  first  give  out  under  the  heavy  strains,  and  they 


way  which  has  made  a  success  of  it,  and  we  have  made  it  a 
great  success.  We  are  very  much  gratified  with  its  perform- 
ance, and  are  well  assured  that  we  have  obtained  large  reduc- 
tions in  cost  of  maintenance  compared  with  the  cost  of  cars 
having  timber  frames. 

With  the  experience  obtained  in  the  use  of  these  car3,  and 
by  acting  upon  the  suggestions  of  others  in  relation  to  metal 
frames,  we  have  designed  and  built  a  sample  steel  car  which, 
we  think,  is  very  much  superior  to  the  iron  car  of  which  I 
have  just  been  speaking.  We  believe  that  we  have  built  a 
car  in  wh'ch  all  the  weaknesses  of  the  tubular  frame  are  oblit- 
erated, and  against  which  very  few  of  the  objections  raised 
against  the  iron  car  can  be  urged  ;  indeed,  we  feel  sure  that 
it  is  strong  enough  to  withstand  the  strains  to  which  it  may 
be  subjected  on  any  of  our  railroads,  and  that  it  can  be  main- 
tained in  good  repair  for  an  indefinite  period  with  an  exceed- 
ingly small  annual  expenditure.  The  experimental  car  which 
we  constructed,  and  the  design  of  which  I  have  the  honor  of 
placing  before  you  to-night,  has  six  longitudinal  sills  made  of 
8-in.  steel  channel  beams,  the  side  and  intermediate  sills  weigh 
11+  lbs.  and  the  center  sills  15A  lbs.  per  foot.  The  draft-gear 
is  placed  between  the  center  sills,  not  below  them,  the  end 
sills  are  12  in.  deep  so  that  a  sufficiently  large  hole  may  be 
made  for  the  drawbar.  The  longitudinal  sills  are  lied  or 
braced  together  transversely  by  bolts  having  distance  pieces 
of  gas-pipe  upon  them,  and  longitudinally  by  diagonal  tie-rods 
fitted  with  turn-buckles,  and  with  their  ends  strung  on  the 
same  transverse  belts  with  the  gas-pipe  distance  pieces,  thus 


STEEL  CAR,    DESIGNED  AND  BUILT  BY  THE  NORFOLK  &  SOUTHERN  RAILROAD. 
Test  Load,  147  Car  Wheels,  weighing  80,000  lbs.    After  Ten  Dats,  Total  Deflection  %  Inch.    Permanent  Deflection,  \  Inch. 


are  a  constant  source  of  annoyance  on  our  large  railroads,  at  least 
where  heavy  cars  and  big  engines  are  used.  In  everyday  ser- 
vice it  was  therefore  soon  found  out  that  the  car  was  deficient 
in  strength  in  the  places  named,  and  that  when  they  failed, 
much  difficulty,  trouble,  and  annoyance  were  entailed  in  repair- 
ing them.  It  was  also  found  that  the  parts  required  for  re- 
pairs were  special  to  this  car,  had  to  be  obtained  from  the 
manufacturers,  and  were  difficult  and  tedious  to  procure,  so 
that  a  damaged  car  often  took  up  room  in  the  repair  yard  of  a 
foreign  road  for  several  weeks,  producing  irritation  in  the 
minds  of  the  officials,  and  giving  another  serious  cause  of  com- 
plaint against  the  iron  cars. 

In  the  Riilroad  Gazette  of  May  26,  1893,  there  is  an  editorial 
headed  "  A  Suggested  Economy  in  Freight-Car  Repairs,"  in 
which  the  writer  calls  attention  to  the  heavy  damages  sustained 
by  cars  in  the  yards,  and  forcibly  expresses  his  opinion  that 
they  are  unnecessary  and  could  be  saved  by  judicious  control. 
How  far  the  idea  upon  which  it  is  written  could  be  carried  out 
on  our  larger  roads  I  do  not  know.  Our  railway  is  a  small  one, 
not  overcrowded  with  trains,  and  we  are  therefore  able  to 
carry  out  the  policy  indicated.  We  have  done  so  for  years, 
every  case  of  damage  to  cars  is  investigated,  and  if  caused  by 
the  carelessness  or  stupidity  of  any  employe,  some  punishment 
is  awarded  ;  while,  as  an  incentive  to  care  for  the  company "s 
property,  and  to  take  a  personal  interest  in  its  protection,  quar- 
terly premiums  are  awarded  to  the  train  hands  giving  the  most 
satisfactory  service.  The  consequence  of  this  watchfulness 
on  the  part  of  the  management,  combined  with  the  influence 
of  local  conditions,  has  been  very  propitious  to  the' iron  tubu- 
lar car,  it  has  been  operated  under  the  most  favorable  circum- 
stances, with  the  result  that  we  are,  I  believe,  the  only  rail- 


tying  the  six  longitudinal  sills  together  in  each  direction.  The 
body  bolsters  are  of  the  well-known  plate  pattern  which  have 
been  a  long  time  in  successful  use,  the  bottom  plates  of  the 
bolsters  being  supported  by  diagonal  braces  to  the  center  sills. 
The  connections  between  each  sill  and  body  bolster  to  sills  are 
all  made  by  the  use  of  steel  angle  irons  3i  in.  x  34  in.  x  -/,;  in. 
and  of  Jin.  turned  bolts  put  in  a  good  driving  fit.  The  sills 
are  trussed  by  four  rods  If  in.  diameter,  and  having  If  in. 
screwed  ends  with  heavy  wrought-iron  plate  washers.  The 
needle  beams  are  steel  ties  5  in.  X  3+  in.  bolted  to  the  side 
sills  ;  the  struts  are  of  malleable  iron,  the  whole  truss  being 
made  very  deep.  The  draft  pockets  are  intended  to  be  of 
pressed  steel,  bat  in  this  sample  car  are  forgings.  Each 
pocket  is  bolted  very  securely  to  the  center  sill  by  10  bolts 
1  in.  diameter  turned  and  driven  in.  forming  the  strongest 
attachment  ever  applied  to  an  ordinary  freight  car  in  this 
country,  the  bolts  being  able  to  withstand  a  shearing  strain  of 
nearly  400  tons  ;  the  follower  plates  are  made  as  short  as  pos- 
sible, of  wrought  iron  2  in.  thick,  the  regular  Pennsylvania 
Railroad  standard  draft  spring  being  applied,  with  a  supple- 
mentary buffing  spring  behind  horn  of  coupler.  The  plat- 
form is  made  in  four  distinct  lengths,  each  length  being  held 
in  place  by  six  or  eight  bolts  }  in.  diameter,  so  that  when 
these  bolts  are  taken  out  a  whole  section  of  platform  can  be 
lifted  off  for  examination,  painting,  or  repair  of  platform  or 
sills.  The  designs  for  this  car  were  made  after  laying  down 
certain  principles  which,  I  am  persuaded,  ought  to  be  em- 
bodied in  the  construction  of  every  metal  car  frame.  I  felt 
that,  if  we  adhered  to  them,  we  could  with  safety  count  upon 
the  service  which  the  car  would  give  us,  and  that  it  would  be 
entirely  satisfactory.    These  principles  were : 
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1  That  the  cur  should  be  made  amply  strong 
enough  to  support  the  weight  it  was  designed 
to  carry  ;  2.  That  only  the  common  rolled  sec- 
tionsof  steel  or  plain  forgings  should  he  used, 
except  for  the  draft  pockets  and  such  details 
as  are  special  on  timber  cars  :  3.  That  no  rivet 
should  be  used  in  its  construction  ;  4.  That  no 
holes  whatever  should  be  allowed  in  the  flanges 
of  the  beams  ;  S.  That  all  work  should  be  first 
class,  equal  in  quality  to  locomotive  work  ; 
6.  That  the  ultimate  weight  and  cost  of  the 
car  should  be  entirely  secondary  considera- 
tions. The  first  requirement,  "  That  the  car 
should  be  made  amply  strong  enough  to  sup- 
port the  weight  it  was  designed  to  carry." 
was  understood  to  mean  that  it  should  be  quite 
capable  of  carrying  a  load  equally  distributed 
over  the  platform  equivalent  to  the  rated  ca- 
pacity. This  was  carried  out  by  selecting 
channel  irons  of  such  a  section  that  the  six  sills 
combined  are  able  to  carry  with  perfect  safety 
a  distributed  load  of  400,000  lbs.  on  supports 
placed  1  ft.  apart.  To  impress  upon  you  the 
great  difference  in  strength  between  this  steel 
car  and  the  tubular  car,  I  must  tell  you  that 
this  weight  is  10  times  as  much  as  could  be  sup- 
ported under  the  same  conditions  by  the  eight 
tubes  composing  the  sills  of  the  tubular  car  ; 
and  this  advantage  is  mostly  obtained  by  put- 
ting the  same  weight  of  metal  per  foot  of  sill 
into  a  better  form,  the  balance  of  the  increas- 
ed strength  being  gamed  by  using  six  sills  in- 
stead of  four.  This  comparison  shows  up 
very  vividly  the  weakness  of  the  sills  in  the 
tubular  carand  explains  why  the  tubes  so  soon 
become  distorted.  In  trussing  the  sills  of  our 
steel  car  advantage  is  taken  of  the  space  be- 
neath to  make  the  truss  very  deep.  It  is  21$ 
in.  below  the  sills,  and  its  total  depth  is  28  in., 
which  is,  I  think,  greater  than  any  hitherto 
used  in  car  work.  The  truss-rods  are  calcu- 
lated as  the  tie-rods  of  a  queen  truss,  and  there- 
fore perform  their  proper  function  of  entirely 
supporting  the  load  between  the  bolsters,  and 
are  strong  enough  to  sustain  their  share  of  a 
distributed  load  of  80,000  lbs.  on  the  car,  there- 
fore making  this  a  frame  of  80,000  lbs.  ca- 
pacity. In  fact,  the  frame  can  easily  be  con- 
verted into  one  able  to  support  100,000  lbs.  by 
simply  strengthening  the  tie  rods  and  struts. 
As  it  can  be  proved  that  the  free  ends  of  the 
sills  which  overhang  beyond  the  body  bolster, 
and  which  are  the  weakest  part  of  the  car  be- 
cause they  cannot  be  trussed,  have  a  combined 
strength  sufficient  to  carry  their  proportion  of 
an  equally  distributed  load  of  more  than  100,- 

000  lbs.  over  the  whole  platform  ;  and  if  the 
truss  were  made  heavy  enough  a  safe  load  of 
190,000  lbs.  could  be  piled  upon  this  car,  an 
enormous  load  compared  to  the  net  weight  of 
the  car.  You  may  notice  that  the  struts  are 
inclined  to  the  vertical,  so  as  to  bisect  the  angle 
formed  on  the  tie-rods,  the  change  from  the 
usual  practice  being  made  because  it  is  more 
correct  in  theory  and  more  in  conformity  with 
the  straius  transmitted.  You  may,  perhaps, 
ask  me  why  I  have  made  a  frame  capable  of 
supporting  so  great  a  weight.  I  would  reply 
that  a  car  is  called  upon  to  resist  many  heavy 
strains  beyond  those  required  to  support  its 
load.  It  has  to  stand  buffing  and  pulling 
strains,  corner  straius,  side  strains,  torsional 
strains  on  side  sills,  strains  reaching  through 
the  truck,  and  many  others,  all  of  which  have 
their  effect  upon  the  various  members,  which 
must  be  made  strong  enough  to  absorb  them. 
Besides  that,  I  think  it  would  not  have  been 
v.  i-   to  use  smaller  or  lighter  beams  ;  the  sav- 

ffected  in  weight  by  using  6-in.  beams  in- 
stead of  8-in.  would  have  been  only  about  600 
lbs.,  and  the  reduced  cost  very  little  indeed. 

1  merely  mention  the  enormous  weight  which 
the  car  would  carry  to  show  what  can  be  ef- 
fected by  using  economical  sections  in  the 
beams  and  by  proper  and  efficient  trussing. 

"The  second  principle,  "  That  only  the  1 
mon  rolled  sections  of  steel  or  plain  castings 
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or  forgings  should  he  used,"  needs  no  explanation,  and  I  think 
we  have  succeeded  iu  fulfilling  the  requirement. 

Before  laying  down  the  third  principle,  which  says  "that 
no  rivets  whatever  should  he  used  in  its  construction,"  much 
cousideratiou  was  given  to  the  question,  "  What  is  the  most 
desirable,  efficient,  and  durable  fastening  for  attaching  to- 
gether the  various  members  of  a  steel  under  frame  ?' '  This, 
to  my  mind,  was  the  most  important  question  involved  in  the 
details  of  the  car,  as  upon  its  successful  solution  depends  the 
very  life  of  any  metal  under  frame  which  we  may  attempt  to 
construct.  The  question  is  one  which  at  first  sight  appears 
to  have  only  one  answer,  and  that  is 
to  use  rivets.  From  the  remotest  times 
rivets  have  been  used  in  all  countries 
for  fastening  together  pieces  which 
were  required  to  be  held  together  in 
the  tightest  possible  manner.  We 
build  our  boilers,  our  bridges,  our  ships 
with  them  ;  and  man}'  examples  could 
be  pointed  out  in  the  practice  of  other 
countries— and,  indeed,  in  our  own- 
where"  rivets  have  been  more  or  less 
successfully  used  for,  this  very  pur- 
pose of  fastening  together  details  of 
rolling  stock.  But  I  felt  that  the  con- 
ditions obtaining  in  metal  under 
frames  in  this  country  were  different 
from  the  conditions  obtaining  in  other 
previous  structures.  I  also  have  had 
experience  with  tender  frames  and 
freight-car  trucks,  and  could  only 
come  to  the  conclusion  that  rivets  are 
not  reliable,  unless  certain  conditions, 
which  are  very  difficult  to  fulfil  in  a 
metal  under  frame,  are  complied  with. 
These  conditions  are,  that  the  joints  or  connections  between 
the  several  pieces  should  be  made  large  so  that  many  rivets 
could  be  used,  and  that  all  rivets  should  be  put  in  by  ma- 
chinery, in  order  that  they  may  support  each  other  and  pre- 
vent that  first  small  movement  which  is  so  fatal.  I  know  that 
riveted  structures  can  be  pointed  out  on  every  side  in  which  riv- 
ets prove  themselves  perfectly  good  for  all  time,  but  I  submit 
that  the  conditions  which  rivets  are  required  to  meet  in  boilers, 
bridges,  etc.,  are  altogether  different  from  the  conditions  they 
would  be  asked  to  meet  in  car  work.  In  the  permanent  struc- 
tures mentioned  there  is  a  very  large  number  of  rivets  and  very 
little  vibration  ;  in  a  car  frame,  and  especially  the  long  car 
frames  of  this  country,  the  vibration  is  very  great,  and  the  rivets 
connecting  each  joint  must  necessarily  be  few  ;  there  would  be 
a.  great  number  of  intermittent  stresses  put  upon  each  rivet, 
gradually  lessening  them  one  by  one.  I  distinctly  admit  that 
tills  would  not  occur  if  sufficient  rivets  could  be  used,  and  it  is 
one  of  the  good  points  of  design  in  the  Fox  truck  that  very 
large  joints  are  made  and  plenty  of  rivets  used,  in  contradis- 
tinction to  the  small  number  of  rivets  which  are  often  used  in 
the  diamond  style  of  truck,  and  which  are  so  difficult  to  keep 
tight,  there  are  not  enough  of  them,  they  do  not  support  each 
other,  and  in  consequence  become  loose  in  a  comparatively 
short  time.  As  black  bolts  are  evidently  out  of  the  question, 
the  only  conclusion  which  could  be  reached  is  that  the  most 
desirable,  efficient,  and  durable  fastening  from  every  point  of 
view  would  be  turned  bolts  having  a  good  driving  fit,  the 
workmanship  required  being  equal  iu  all  respects  to  that  put 
upon  our  locomotives,  which  would  mean  that  not  the  slight- 
est degree  of  looseness  could  be  found  in  the  structure.  The 
use  of  such  bolts  would  also  include  a  number  of  other  advan- 
tages when  the  cars  are  in  service  and  when  they  require  re- 
pairs ;  and,  finally,  it  can  be  easily  shown  that  they  would  be 
cheaper  and  lighter  than  rivets,  because  the  joints  would  not 
require  to  be  so  large  nor  the  fastenings  so  numerous. 

To  prove  that  turned  bolts  are  perfectly  reliable  and  efficient 
for  continued  use  in  a  structure  subjected  to  large  and  con- 
stant vibration,  I  have  only  to  point  to  our  locomotives  and 
other  prime  movers,  where  bolts  are  subjected  to  ever-varying 
strains  in  intensity  and  direction  in  the  main  rods  and  other 
parts,  and  to  the  built-up  car-wheels  which  run  on  all  the 
principal  roads  of  the  country.  I  am  particularly  indebted  to 
Mr.  Boies,  of  the  Boies  Steel  Car-Wheel  Company,  for  describ- 
ing the  bolt  which  he  uses  for  attaching  together  the  two  thin 
plates  forming  their  built-up  wheel,  and  which  I  have  adopted 
in  a  modified  and  cheaper  form  on  this  car  by  making  the 
bolts  parallel  instead  of  taper.  The  principal  feature  of  this 
bolt  is  that  the  body  is  made  long  enough  to  be  a  driving  fit 
completely  through  all  the  plates  which  are  to  be  connected 
together,  so  that,  however  thin  the  pieces  are,  the  body  of  the 
bolt  fits  perfectly  tight  into  each  piece,  the  screwed  part  there- 
fore projects  beyond,  and  the  nut  is  countersunk  enough  to 


allow  it  to  be  tightened  up.  Mr.  Boies  takes  extraordinary 
precautious  in  the  fitting  of  the  bolts,  and  says  that  he  does 
not  recollect  ever  having  heard  of  a  nut  unscrewing  or  coming 
off,  but  the  usual  method  of  fitting  driving  bolts  would,  of 
course,  be  all  that  is  requisite  for  car  work. 

The  fourth  principle  laid  down  is,  "  That  no  holes  whatever 
should  be  allowed  in  the  flanges  of  the  beams."  This  require- 
ment is,  I  believe,  of  the  utmost  importance.  It  can  be  easily 
seen  that  if  a  hole  be  drilled  through  the  flange  of  a  channel 
iron  its  strength  is  very  greatly  reduced,  but  I  believe  that 
much  more  mischief  than  the  weakening  of  the  beam  would 
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ensue.  I  feel  sure  that  wherever  a  hole  is  in  the  flansre  that 
ultimate  breakage  is  certain  to  result,  starting  from  that  hole. 
This  is  especially  true  of  steel  beams.  It  would  be  exactly 
like  nicking  a  bar  of  steel,  the  serious  effect  of  which  is  so 
well  known,  and  the  beam  would  act  in  precisely  the  same 
way,  subjected  as  it  would  be  in  car  work  to  great  vibration. 
Some  new  ideas  in  car  construction  are  therefore  introduced 
for  fastening  the  platform  and  under  rigging  to  the  main 
frame. 

The  fifth  requirement,  "  That  all  work  should  be  first  class, 
equal  iu  quality  to  locomotive  work,"  speaks  for  itself.  That 
the  expense  would  be  justified  by  results  I  am  well  convinced, 
but  the  extra  cost  need  not  be  great,  the  requirement  only 
means  that  extreme  care  be  taken  to  make  the  first  few  cars 
with  strict  exactness,  that  the  parts  should  be  perfectly  inter- 
changeable, that  the  holes  should  be  made  an  exact  size,  and 
(he  bolts  properly  turned  and  fitted.  Such  work  can  be  done 
very  cheaply.  With  suitable  tools  and  proper  organization 
holes  can  be  drilled  for  one-quarter  cent  each,  and  bolts  can 
be  finished  from  the  forge  at  less  than  one  cent  each,  an  in- 
creased price  over  black  bolls  not  worth  a  moment's  consider- 
ation. 

The  sixth  principle,  "  That  the  ultimate  weight  and  cost  of 
the  car  would  be  entirely  secondary  considerations,"  is,  of 
course,  to  be  understood  as  within  reasonable  limits.  It  was 
laid  down  to  try  and  escape  as  much  as  possible  the  tempta- 
tion to  make  everything  so  light  and  cheap  that  there  might 
be  some  doubt  about  its  efficiency  ;  in  other  words,  the  domi- 
nant idea  was  to  be  certain  to  make  everything  strong  enough, 
leaving  the  future  to  disclose  what  parts  might  be  made  lighter 
and  what  braces  and  details  might  be  dispensed  with.  The 
result,  so  far  as  the  weight  is  concerned,  is  certainly  very  sat- 
isfactory, the  frame  with  platform  weighing  only  2,000  lbs. 
more  than  the  frame  of  the  tubular  iron  car,  the  total  weight 
(without  brakes)  being  20.300  lbs. 

Respecting  the  cost,  I  would  say  that  we  intend  soon  to  get 
some  cars  made  exactly  the  same  as  this  experimental  one. 
We  therefore  sent  specifications  to  some  makers,  and  were 
agreeably  surprised  to  find  that,  although  the  car  is  an  entirely 
new  departure,  yet  the  figures  submitted  agreed,  as  near  as 
possible,  with  the  cost  which  we  had  estimated  they  could  be 
built  for.  We  think  these  figures  are  very  reasonable,  and  so 
long  as  we  can  get  metal  car  frames  made  at  such  prices,  we 
shall  never  desire  to  buy  wooden  ones. 

The  first  test  of  this  experimental  car  was  made  by  placing 
upon  it,  as  its  first  load,  147  car-wheels  weighing  80,000  lbs., 
leaving  them  there  for  10  days,  and  in  the  mean  time  moving 
the  car  several  times  through  the  yard  anil  to  the  scale  track 
1  mile  away.  At  the  end  of  this  time  the  sills  were  found  to 
have  a  total  deflection  of  -J  in.,  and  when  the  load  was  removed 
a  permanent  deflection  of  i  in.,  amounts  which  arc  very  small 
and  which  show  the  great  strength  and  rigidity  of  the  frame. 
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The  car  has  now  been  in  constant  use  for  14  months,  and  has 
given  very  satisfactory  service.  Not  one  cent  has  been  ex- 
pended for  repairs,  and  not  a  single  bolt  or  nut  has  yet  become 
loose.  As  our  idea  in  building  this  experimental  car  was  to 
discover  weak  places  before  ordering  a  number,  we  have  had 
it  in  the  shop  many  times  for  examination,  and  can  only  dis- 
cover one  weak  place— that  is,  a  slight  deficiency-  in  resistance 
to  torsion  of  the  side  sills  ;  they  are  twisted  a  little  bv  heavy 
loads  of  pine  logs,  three  or  four  tiers  high,  which  wedge  them- 
selves down  against  the  stakes,  producing  a  large  twisting 
movement,  but  this  deficiency  can  be  very  easily  overcome. 
We  also  find  that  the  castings  protruding  through  the  end 
sills  for  supporting  the  drawbar  are  broken,  but  the  breakage 
is  not  significant,  and  was  caused  simply  by  using  iron  cast- 
ings instead  of  steel  ones,  as  intended.  These  are  absolutely 
the  only  defects  which  we  can  find,  and  they  do  not  affect  the 


the  gratifying  results  in  the  use  of  tubular  iron  cars  which  ws 
obtained,  but,  as  a  result  of  our  experience,  I  unhesitatingh 
express  my  profound  convictions  that  steel  frames  can  be  de- 
signed and  built  which  will  secure  these  advantages  on  any| 
road,  that  designs  will  develop  for  cars  possessing  greater! 
strength  and  efficiency  as  experience  dictates,  eliminating  the! 
weak  points,  and  proving  that  steel  is  the  only  material  which 
ought  to  be  used  for  this  purpose  in  this  age  of  steel.  I  am 
convinced  that  the  cost  of  repairs  could  then  be  reduced  to  an 
extremely  low  figure.  There  is  nothing  to  wear  out  except 
the  running  gear,  nor  is  there  anything  but  the  platform  and 
paint  which  will  deteriorate  by  age.  The  period  of  their  life 
would  depend  simply  on  questions  of  improvement,  of  heavier 
weights  to  be  carried,  aud  on  the  fashions  of  the  times,  other- 
wise the  metal  car  has  an  indefinite  life,  great  strength,  and 
unlimited  endurance. 


WX/l/AftY  BUFf/A/C  SPR/NC, 
COMPRESSED  INTO  THIS  POSIT/ON 
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principle  or  ultimate  value  of  the  design  in  any  way  what- 
ever. 

I  believe  that  the  advantages  to  be  derived  from  the  use  of 
steel  car  frames  are  manifold^  and  of  importance  to  all  railroad 
companies.  It  is  certain  that  on  our  railroad,  and  in  such  a 
climate  as  ours,  we  feel  well  assured  that  steel  possesses  great 
superiority  over  wood  in  strength,  cost  of  maintenance,  and 
endurance,  and  that  it  is  the  only  material  which  we  could 
consistently  use  in  the  future  for  frames  of  all  flat  and  gondola 
cars,  and  probably  for  box  cars.  We  consider  thai  we  have 
proved  completely  that  it  has  the  advantages  claimed.  With 
such  a  frame  we  should  be  well  prepared  for  the  next  demand 
for  increased  capacity,  and  I  would  feel  inclined  to  Btrongly 
advocate  that  trucks'of  80,000  lbs.  capacity  should  be  placed 
under  these  frames,  even  though  it  inightnot  be  desirable  to 
carry  such  loads  at  the  present  time.  I  am  also  deeply  im- 
bued with  the  belief  that  on  nearly  every  railroad  in  this  coun- 
try steel  frames  could  be  .successfully  used,  and  that  incn 
economy,  efficiency,  and  durability  would  follow  their  adop- 
tion.    I  do  not  mean  to  say  that  other  railroads  _could  secure 


Mr.  President,  I  am  not  alone  in  believing  that  there  is  a  great 
future  for  the  steel  car  frame.  I  can  refer  to  our  technical 
papers,  which  go  so  far  to  mold  the  opinions  of  every  railroad 
official.  They  seem  to  be  unanimous  in  advocating  its  possi- 
bilities. Tlu  Engineering  News  of  May  19,  1892,  has  a  very 
able  editorial  on  "  The  Pros  and  Cons  of  Iron  Car  Construc- 
tion," in  which  the  writer  shows  that  iron  cars  are  economical 
because  they  reduce  the  dead  weight  to  be  hauled,  independent 
of  all  questions  of  reduced  cost  of  maintenance,  and  says  : 
"  Those  facts  lead  us  to  believe  that  steel  car  construction  "has 
come  to  stay  and  to  rapidly  increase  .  .  .  and  with  a 
capacity  of  perhaps  100,000  lbs.  With  such  cars,  all  equipped 
with  train  brakes  and  close  couplers  .  .  .  freight  rates 
may  touch  depths  not  dreamed  of  yet,  and  still  leave  a  larger 
profit  on  each  ton  handled  than  is  realized  to-day."  Locomo- 
tir.  Engineering  for  August,  1893,  has  an  editorial  headed 
"  Steel  Under  Frames  for  Cars  aud  Tenders."  The  argument 
in  favor  of  steel  frames  is  put  very  forcibly  and  concisely.  It 
Bays  :  "  When  the  strength  and  durability  of  steel  is  compared 
with  wood,  it  seems  strange  that  car  builders  on  this  continent 
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have  done  so  little  to  apply  the  stronger  material  to  the  prin- 
cipal members  of  a  freight  car.  .  .  .  We  believe  that  the 
subject  needs  to  be  agitated,  and  that  railroad  companies 
would  be  the  gainers  by  extended  investigation  and  discus- 
sions on  the  subject  of  metallic  under  framing."  The  Rail- 
way Age  and  Northwestern  Railroader  says  :  "  The  tendency 
toward  the  use  of  metal  is  seen  in  car  framing,  and  while  not 
particularly  exemplified  in  practice,  is  still  strongly  revealed 
in  the  current  opinion  and  talk  of  some  of  our  best  mechanical 
officers  .  .  .  the  car  made  in  its  practical  entirety  of  steel 
is  to-day  considered  as  well  within  the  range  of  probabilities 
for  the  comparatively  near  future."  The  Railroad  Gazette,  in 
an  editorial  of  June  9,  1893,  says  :  "  What  is  most  needed  to 
gain  the  least  cost  of  carriage  per  ton  mile  is  a  set  of  standard 
metal  frame  freight  cars  with  uniform  trucks.  ...  If 
some  of  our  progressive  roads  would  take  up  this  matter,  and 
build  perhaps  1,000  cars  with  steel  under  frames,  or  at  least 
steel  center  sills,  and  do  the  work  in  the  same  thorough  way 
that  bridge  work  is  done,  there  would  be  within  five  years' 
time  some  practical  knowledge  of  real  value  that  would  bear 
upon  the  subject  and  be  a  safe  guide  for  the  future." 

At  the  last  convention  of  the  Master  Car-Builders'  Associa- 
tion the  following  sentence  appeared  in  the  report  of  their 
committees  :  "  When  metal  sills  come  into  use  it  might  be 
possible,  on  account  of  the  changes  which  will  be  necessary 
in  the  draft-gears  of  most  companies,  to  arrive  at  a  standard. 
.  .  .  We  believe  the  time  for  the  substitution  of  metal  sills 
is  approaching."  We  know  that  in  some  foreign  countries 
steel  under  frames  have  been  successfully  used  for  many  years, 
and  in  response  to  my  inquiries  the  President  of  the  German 
Railroad  Commission  writes  in  reference  to  steel  frames  for 
cars  :  "  Such  a  construction  is  unchangeable,  and  is  stiff er 
than  that  of  wood,  besides  being  perfectly  fireproof,  while 
the  expense  of  maintenance  is  less."  The  Superintendent  of 
Motive  Power  of  the  Western  Railroads  of  France  says  :  "  I 
have  the  honor  to  inform  you  that  metal  frames  have  been 
substituted  in  an  almost  general  manner  for  wooden  ones  in 
cars  of  recent  construction."  Perhaps  the  strongest  argument 
which  I  can  present  for  metal  under  frames  is  a  copy  of  the 
statement  which  influenced  our  opinions  and  determined  our 
conclusions  in  favor  of  metal  cars.  The  statement  shows  the 
repairs  executed  from  April,  1890,  to  April,  1893,  on  the  60 
cars  which  we  had  leased  from  the  Iron  Car  Company,  and 
the  cost  of  these  repairs.  It  will  be  seen  that  two  cars  were 
wrecked.  With  that  exception  you  will  notice  the  light 
character  of  repairs  executed,  and  the  fact  that  absolutely 
none  were  required  upon  the  under  frames.  This  good  record 
was  made  in  face  of  the  fact  that  the  cars  have  during  the 
whole  five  years  been  carrying  heavy  loads,  and  always 
run  in  trains  containing  50  or  60  cars.  Nor  must  it  be  sup- 
posed that  the  frames  required  repairs  which  they  did  not  ob- 
tain ;  on  the  contrary,  the  cars  have  been  always  in  good  con- 
dition, and  the  frames  for  all  practical  purposes  are  as  good 
as  new.  At  the  end  of  our  lease,  in  August  last,  these  cars 
were  inspected  by  Mr.  C.  W.  Walker,  Master  Mechanic  of  the 
Seaboard  &  Roanoke  Railroad,  and  Mr  W.  A.  Brown,  Master 
Mechanic  of  the  Atlantic  &  Danville  Railroad.  Their  report 
shows  that  the  only  defect  which  existed  in  the  under  frames 
was  one  damaged  tube  or  sill. 

The  total  cost  of  repairs  to  these  50  iron  fiats  for  three  years, 
leaving  out  wrecks,  wheels,  and  brasses,  has  been  $163.32,  an 
average  of  $1.10  per  car  per  annum.  I  must  say,  however, 
that  the  timber  platforms  will  soon  require  thorough  repairs, 
and  the  iron  work  needs  a  coat  of  paint. 

For  the  purpose  of  contrasting  our  experience  with  metal 
frames  with  the  experience  of  other  people  having  timber  flat 
cars,  I  made  numerous  inquiries  with  the  hope  of  obtaining 
the  cost  of  maintenance  of  such  cars,  their  average  life,  and 
the  percentage  of  repairs  and  rebuildings  due  to  wrecks,  but 
was  unable  to  procure  any  information  from  which  general 
conclusions  of  value  could  be  drawn.  The  average  life  of 
such  cars  was  given  as  from  seven  to  17  years  ;  and  in  refer- 
ence to  the  percentage  of  repairs  and  rebuildings  due  to  wrecks, 
I  can  onlv  quote  what  was  said  by  Mr.  Barnes  at  the  last 
Master  Car-Builders'  Convention,  that  it  amounts  to  6  per 
cent,  on  large  roads.  Therefore  the  only  statement  which 
I  can  submit  as  to  the  cost  of  repairs  of  wooden  cars  is  oue 
from  my  own  road  showing  cost  of  maintenance  for  50  wooden 
cars  for  the  same  three  years.  I  must,  however,  say  that 
these  timber  cars  were  three  years  older  than  the  iron  ones, 
and  the  peculiarly  destructive  effect  of  our  climate  must  not 
be  forgotten.  This  statement  shows  the  total  cost  of  repairs  to 
50  wooden  flats  for  three  years,  leaving  out  wrecks,  wheels, 
and  brasses,  has  been  $2,664.49,  au  average  of  $17.76  per  car 
per  annum,  17  times  as  much  as  the  iron  cars  which,  I  think, 
gives  a  sufficient  reason  for  our  preference  in  favor  of  these 
cars,  and  proves  conclusively  that  metal  frames  are  superior 


to  wooden  ones,  if  only  they  are  built  to  suit  the  heavy  traffic 
of  to-day,  and  with  strength  commensurate  to  the  work  and 
abuse  to  which  they  will  be  subjected.  If  they  are  built  strong 
enough  it  is  difficult  to  predict  how  far  reaching  the  results 
from  their  use  may  be.  The  latent  possibilities  of  the  steel 
car  are  unlimited,  and  it  is  certain  to  triumph  in  the  end  ;  and 
if  1  have  induced  you  to  look  at  this  question  from  my  point 
of  view,  it  only  remains  for  you  to  consider  whether  the  time 
has  yet  arrived  for  the  general  introduction  of  steel  cars  on  the 
railroads  of  this  continent,  or  whether  the  work  is  to  be  left 
for  the  next  generation  to  accomplish. 


MARINE    NOTES. 


Unsafe  Gunboats.— The  report  of  the  Naval  Stability 
Board,  that  was  appointed  to  inquire  into  the  defects  on  a 
number  of  the  war  ships,  has  been  submitted  to  the  Secretary 
of  the  Navy  in  reference  to  the  Machias  and  Castine.  The 
Board  said  that  these  gunboats  are  top-heavy  and  unstable 
and  recommends  that  the  two  vessels  shall  be  lengthened  14  ft. 
The  estimated  cost  of  the  alteration  is  $30,000. 

The  Proper  Color  for  Torpedo  Boats. — Germany's  naval 
experts  have  decided  that  the  best  color  to  paint  their  cruisers 
and  torpedo  boats,  in  order  to  make  them  as  difficult  of  obser- 
vation as  possible,  is  a  kind  of  dirty  buff.  They  recommend 
that  the  whole  of  the  vessels  should  be  uniformly  coated  with 
this  color,  and  that  nothing  on  their  decks  or  upper  works 
should  contrast  with  it. 

Wooden  Ships  in  the  Navy. — The  old  wooden  ships  of  the 
Navy  are  gradually  being  retired  from  active  service.  The 
flagship  Lancaster  is  now  on  her  last  cruise.  When  relieved 
by  the  Baltimore  she  will  return  to  New  York  and  be  trans- 
formed into  a  receiving  ship,  to  take  the  place  of  either  the 
Minnesota  or  Vermont,  which  are  both  in  a  state  of  decay. 
Another  ship  that  will  soon  follow  the  Lancaster  to  the  grave- 
yard of  all  old  naval  vessels  is  the  Alliance,  now  at  San  Jose. 
She  will  leave  in  the  next  few  weeks  for  New  York,  and  is 
also  to  serve  as  a  receiving  ship.  The  Marion,  Mohican, 
Adams,  and  Yantic  are  still  in  service,  but  their  days  are  num- 
bered. The  Yantic  is  in  the  South  Atlantic,  and  will  return 
home  shortly  to  be  placed  out  of  commission.  She  is  now  on 
her  last  cruise.  The  Adams  is  not  good  for  many  more  months, 
and  the  Marion  is  little  better.  There  will  be  two  wooden 
vessels  in  the  Navy  for  many  years,  however,  as,  by  special 
act  of  Congress,  the  Hartford  and  the  Kearsarge  are  exempted 
from  the  repair  limit  of  10  per  cent.,  and  will  thus  be  saved. 
The  Llartford  is  being  rebuilt,  and  will  prove  a  good  vessel  for 
many  years,  and  the  Kearsarge  is  now  in  fair  condition.  But 
with  the  exception  of  these  two  every  wooden  ship  in  the 
Navy  will  disappear  within  the  next  year  or  two.  —  Washing- 
ton Star. 


PROCEEDINGS  OF  SOCIETIES. 


Engineers'  Club  of  Philadelphia.— At  the  meeting  of  this 
Club  on  January  6  Mr.  A.  Falkenau  described  some  interest- 
ing features  in  the  department  of  mechanical  engineering  at 
the  World's  Fair.  He  expressed  the  opinion  that  the  disap- 
pointment expressed  by  many  engineers  regarding  the  mechani- 
cal exhibits  was  partly  due,  not  so  much  on  the  part  of  the 
exhibitors  as  to  the  fact  that  the  different  fields  of  the  applica- 
tion of  power  had  been  so  thoroughly  exploited  that  novel 
forms  are  few,  and  advance  is  confined  to  minor  details.  He 
gave  a  full  description  of  the  Yerkes  telescope,  some  air  com- 
pressors, and  certain  riveting  machines. 

Engineers'  Society  of  Western  Pennsylvania. — At  a  n  - 
cent  meeting  Mr.  D.  Ashworth  read  a  paper  entitled  "  Indiffer- 
ence to  Boiler-firing  and  Management."  He  stated  that  in  ex- 
perience extending  over  a  period  of  a  quarter  of  a  century  In- 
had  found  that  there  had  been  a  continuous  decline  in  the 
grade  of  service  of  those  in  the  positions  of  firemen  and  boiler- 
room  managers,  that  the  evil  had  become  so  glaring  and  the 
results  so  palpably  fraught  with  disaster,  destruction  and 
waste,  as  to  warrant  an  effort  to  call  the  attention  of  those 
who  desire  to  progress  to  the  false  and  inconsistent  position 
which  they  occupy,  by  permitting  such  a  narrow  policy  in 
management,  so  widely  at  variance  with  true  economy,  ignor- 
ing directly  that  the  better  intelligence  renders  tin1  inure  valu- 
able and  hence  more  profitable  service.  He  stated  that  the  in- 
telligent engineer  keeps  a  constant  oversight  over  every  part 
of  the  steam  plant,  and  is  familiar  with  the  elements  of  com- 
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bustion  and  the  importance  of  proper  management  of  fires  to 
produce  the  greatest  results  with  the  least  expenditure  of  fuel. 
It  has  been  said  that  this  is  greatly  overcome  by  the  applica- 
tion of  mechanical  stokers,  but  this  is  a  mistake  well  known 
by  those  conducting  tests,  the  results  being  always  superior 
with  the  greater  intelligence  of  the  operator  of  the  machine. 
What  is  greatly  needed  at  present  is  to  lay  aside  the  idea  that 
any  one  is  good  enough  to  fire  and  manage  boilers.  The  rea- 
son why  a  better  class  of  skill  is  not  obtained  for  this  work  is 
that  it  is  not  sought,  aud  just  as  long  as  this  class  of  operators 
is  looked  upon  as  mere  shovelers,  throwers  of  coal  and  car- 
riers of  water,  ignorance,  with  all  its  attendant  w:\ste,  destruc- 
tion of  property,  and  general  demoralization,  will  be  promi- 
nent in  the  department.     As  a  fitting  close  it  would  be  proper 


claims  here  made,  that,  simply  because  one  can  shovel  and 
throw,  it  does  not  follow  that  he  is  qualified  to  fire  and  have 
charge  of  steam-boilers. 


AIR-PUMPS  ON  THE  UNITED  STATES  CRUISER 
"NEW  YORK." 


THE  BLAKE  VERTICAL  TWIN  AIR-PUMP  ON  THE  U.  S.  CRUISES 
■NEW  YORK." 

to  ask  what  degree  of  intelligence  or  knowledge  would  qualify 
one  to  fire  boilers  properly  V 

1.  That  the  fire  should  be  maintained  with  uniformity,  and 
that  no  openings,  in  the  form  of  bare  places,  showed  upon  the 
bars  to  permit  cold  air  to  pass  through. 

2.  The  judgment  that  will  enable  him,  by  a  glance  at  the 
ash-pit,  to  know  at  once,  to  a  great  extent,  the  condition  of  the 
tires. 

3.  He  should  know  something  of  the  various  fittings  of  the 
boilers,  such  as  valves,  etc..  and  the  details  of  the  furnaces. 

But  not  least,  an  ambition  to  grasp  the  details,  so  as  to  qual- 
ify him  for  a  still  higher  plane,  which  would  certainly  follow. 
provided  there  was  judgment  enough  in  the  superior  to  note 
such  details. 

Sufficient,  we  think,  has  been  said  to  convince  the  most  ob- 
tuse mind  that  the  indiscriminate  employment  of  labor  for  this 
purpose  is  a  crying  evil,  and  some  consideration  given  to  the 


Ouu  readers  will  remember  the  illustrations  in  our  last  num- 
ber of  the  United  States  armored  cruiser  Ni  ir  }'.//■/,-.  We  now 
publish  particulars  of  the  independent  air-pumps,  which  in 
their  way  are  quite  novel  in  construction  and  performance. 
The^  cruiser  New  York,  like  all  the  Government  vessels,  has 
very  little  room  to  spare  for  the  engines  and  their  auxi- 
liaries, consequently  the  design  of  the  air-pump  had  to 
be  one  combining  compactness,  minimum  weight,  and 
maximum  efficiency.  As  shown  by  the  illustration,  the 
design  of  this  pump  is  of  the  vertical  twin  single-acting 
type.  Blake  system.  The  air  cylinders  are  of  the  well- 
known  vertical,  single-acting  type,  operated  by  steam 
cylinders  on  the  direct-acting  system  ;  there  being  two 
air  cylinders,  the  operation  is  practically  continuous  or 
double-acting.  The  piston-rod  on  each  side  of  the  pump 
is  connected  to  the  beam  by  means  of  links,  etc.  The 
air  cylinders  and  the  working  parts  of  same  are  entirely 
of  gun-melal  composition,  which  is  the  usual  practice 
in  the  United  States  Navy.  The  piston-rods  in  the  steam 
cylinders,  as  well  as  the  valve  gear,  are  of  steel,  and  the 
latter  is  so  arranged  that  it  can  be  adjusted  by  hand  even 
while  the  pump  is  in  operation,  thus  securing  full  stroke 
at  all  times. 

These  pumps  are  particularly  remarkable  for  their 
economy— that  i9  to  say,  for  the  low  percentage  of  the 
power  required  in  comparison  with  the  power  of  the  main 
engines.  From  the  official  report  of  the  trial  trip  the  in- 
dicated H.P.  of  the  Blake  air  pumps  was  less  than  one- 
quarter  of  1  per  cent,  of  the  indicated  H.P.  of  the  main 
engines,  a  result  that  has,  we  believe,  never  before  been 
attained  in  marine  engine  practice.  The  explanation  for 
this  small  amount  of  power  required  to  do  the  work  is 
perhaps  due  to  the  very  complete  and  perfect  arrange- 
ment of  the  steam  valve  gear,  which  thoroughly  controls 
the  operation  of  the  pump,  so  that  a  very  low  rate  of  pis- 
ton speed  is  sufficient  to  give  a  first  class  working  vacuum. 
As  an  illustration,  the  average  speed  of  the  air-pumps  on 
tin- trial  trip  of  the  New  York  was  less  than  16  double 
strokes  per  minute,  while  the  minimum  speed  was  only 
SU  double  strokes  per  minute.  The  pumps  are  so  posi- 
tive that  they  can  be  run  at  practically  any  speed  desired 
without  the  slightest  danger  of  being  caught  on  a  dead 
center,  a  feature  which,  of  course,  is  impossible  with  a 
crank  and  fly-wheel  type  of  independent  air-pump.  In 
fact,  these  pumps  have  been  so  successful  that  the  William 
Cramp  &  Son  Ship  &  Engine  Building  Company  have 
placed  them  on  all  the  other  vessels  they  are  building  for 
the  Navy — namely,  the  Columbia,  Minneapolis,  Brooklyn, 
Indiana,  Massachusetts,  ami  Iowa. 

Each  of  the  New  York's  air-pumps  has  two  double- 
acting  steam  cylinders  12  in.  diameter,  two  single  act 
ing  air  cylinders  23  in.  diameter,  the  stroke  of  all  being 
18  in. 

The  working  parts  of  this  pumping  engine  are  exceed- 
ingly simple  and  strong.  The  valves  for  the  steam  cylin- 
ders are  plain  D  slide-valves,  which  are  operated  through 
levers  by  a  supplcfhentary  piston  moving  in  the  horizon- 
tal steam  cylinder  shown.  This  supplementary  piston  is 
in  turn  operated  by  a  plain  D  valve  connected  to  the 
valve-rod,  having  adjustable  collars  for  regulating  the 
stroke.  This  valve-rod  is  moved  by  means  of  the  rod  at- 
tached to  the  working-beam  from  which  it  gets  its  motion,  and 
which  is  clearly  shown  in  the  engraving. 


New  Material  for  Electrodes.  — A  species  of  fungus  has 
been  found  to  be  well  adapted  for  the  making  of  electrodes 
for  external  use  in  electro  medical  operations.  Felt,  cotton 
and  clay  have  not  been  altogether  satisfactory  for  this  pur- 
pose. The  fungus  grows  on  old  trees  iu  Europe.  When  pre- 
pared fur  the  above  use  it  has  the  appearance  of  soft  leather, 
and  is  very  porous.  It  is  found  to  be  an  excellent  conductor, 
and  besides  readily  conforms  to  the  irregularities  of  the  body. 

Fast  English  Cruiser,  the  "  Destroyer."— The  Admiralty 
have  placed  an  order  with  the  Naval  Construction  Company, 
of  Barrow,  for  a  first-class  cruiser.  She  is  to  be  300  ft.  loug, 
with  a  speed  between  23  and  24  knots. 
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EDITORIAL   NOTES. 


The  Paris  has  now  suffered  from  two  accidents,  in  each  of 
which  the  value  of  the  twin  screw  has  been  demonstrated. 
Iu  the  last  accident,  wherein  the  rudder  was  disabled,  the  re- 
markable feat  of  navigating  a  vessel  for  500  miles,  a  part  of 
it  in  heavy  weather,  by  means  of  the  screws  alone  was  accom- 
plished. To  any  one  who  has  attempted  to  steer  a  vessel  in  a 
heavy  sea,  and  knows  the  constant  vigilance  and  work  at  the 
wheel  which  is  required,  the  tine  adjustment  of  speeds  of  the 
screws,  and  the  constant  variation  of  the  same  that  would  be 
required,  makes  the  work  done  on  this  trip  out  from  South- 
ampton and  return  seem  a  little  short  of  the  marvelous. 


When  the  El  Col,  now  the  Nictheroy,  was  purchased  and 
sent  south  to  help  quell  the  Brazilian  rebellion,  it  was  expected 
that  she  would  do  a  vast  amount  of  work  in  settling  some 
questions  that  have  been  vexing  the  spirit  of  naval  experts  for 
many  years.  There  was  the  dynamite  gun,  located  forward 
to  prove  its  efficiency  or  worthlessness  ;  but  as  far  as  we  can 
learn,  not  a  shot  has  been  tired,  and  the  gun  might  as  well  be 
in  New  York  as  in  Brazilian  waters.  Then  there  was  the  fast 
unarmored  cruiser  pitted  against  powerful  battleships.  Which 
wins  ?  No  fight,  no  shooting,  and  problem  still  unsolved. 
Our  nature  is  not  naturally  bloodthirsty,  but  we  feel  that  the 
dynamite  gun  as  a  fighting  mechanism  has  never  had  a  chance 
to  show  its  worth  or  worthlessness,  and  in  the  interests  of 
mechanical  science  we  would  like  to  know  what  can  be  really 
expected  or  feared  from  such  a  vessel  as  the  Nietheroy  now  is. 


Last  July  we  mode  the  remark,  in  commenting  on  the  dis- 
cussion by  the  AssociatlOD  of  Master  Mechanics  on  the  com- 
pound locomotive,  that  from  the  mass  of  contradictor}-  testi- 
mony it  was  difficult  for  an  unprejudiced  observer  to  tell 
"  where  he  was  at.' '  We  woidd  call  attention  to  two  reports 
from  widely  differeut  sections  of  the  country,  published  in 
other  columns  of  this  issue,  which  go  to  show  that  a  very  de- 


cided saving  of  fuel  is  effected  by  the  compound.  This  seems 
to  be  assured,  but  the  unprejudiced  observer  is  still  looking 
for  data  regarding  expense  for  repairs,  and  on  this  point  in- 
formation seems  to  be  difficult  to  procure.  There  seems  to  be 
no  good  reason  why  a  well-designed  compound  should  be 
more  expensive  to  maintain  than  a  single  engine,  except  in  the 
matter  of  the  larger  cylinder  ;  but  the  very  fact  that  they  are 
new,  that  none  has  ever  worn  out,  and  that  repair  records  are 
not  published  serves  as  a  check  upon  their  introduction. 


MEETINGS  OF  MEMBERS  OF  THE  SOCIETY  OF 
MECHANICAL  ENGINEERS. 


The  second  meeting  of  the  series,  which  has  been  inaugu- 
rated this  winter,  was  held  in  the  hall  of  the  Society  on  the 
evening  of  February  14.  The  subject  for  discussion  at  the 
first  meeting — "  The  Development  of  Stationary  Engines,  as 
illustrated  by  those  exhibited  at  the  Columbian  Exhibition  in 
Chicago" — was  continued.  Professor  John  E.  Sweet,  of  Syra- 
cuse, read  an  introductory  address,  which  will  be  found  on 
another  page,  with  an  abstract  of  the  discussion  which  fol- 
lowed.    There  were  about  80  members  present. 

The  two  meetings  which  have  been  held,  under  the  auspices 
of  a  committee  appointed  at  a  meeting  of  members  held  last 
November,  have  been  very  promising  of  success  to  the  scheme. 
When  they  were  first  proposed  objection  was  made  to  having 
these  meetings  of  the  Society,  on  the  ground  that  few  non- 
resident members  could  attend  ihem.  It  was  somewhat  of 
a  dog-in-the-manger  argument,  but  was  regarded  by  those  who 
wanted  to  hold  such  meetings.  They  claimed  the  right  of 
coming  together  in  the  rooms  of  the  Society  and  discussing 
any  subject  tbey  chose,  and  therefore  the  meetings  were  called 
as  meetings  of  members  of  the  Society  merely,  and  not  meet- 
ings of  the  Society  itself.  Now,  however,  fault  is  found  by  a 
correspondent  in  the  Railroad  Gazette,  that  the  Society  does 
not  publish  the  proceedings,  and  he  claims  that  the  non-resi- 
dent members  have  a  right  to  them,  and  are  deprived  of  what 
they  may  reasonably  expect  to  get.  It  may  be  said  here  that 
a  reporter  has  been  employed  to  make  verbatim  reports  of  the 
discussions,  and  that  any  newspaper  or  other  party  can  have 
copies  of  these  reports  by  sharing  its  or  his  proportion  of  the 
expense.  The  American  Engineer,  the  American  Machinist 
and  Engineering  Neics  are  the  only  papers  which  have  thus  far 
agreed  to  enter  into  this  arrangement. 

The  next  meeting  will  be  held  on  Wednesday  evening, 
March  14.  The  subject  for  that  evening  will  be  "  Testing 
Machines  and  Tests  of  Matt  rials."  The  introductory  address 
will  be  by  Mr.  J.  Sellers  Bancroft,  of  Philadelphia,  who  will 
describe  the  recent  improvements  which  have  been  made  in 
the  Emery  system  of  testing  machines. 

Members  have  the  privilege  of  inviting  friends,  and  it  is  pro- 
posed to  issue  blank  cards  of  invitation  to  the  members  which 
can  lie  used  as  they  see  tit.  The  next  meeting  promises  to  be 
of  great  interest  to  all  who  are  concerned  in  the  tests  or  test- 
ing of  materials  used  in  engineering. 


THE    LIMIT   OF    INTELLECTUAL   ELASTICITY 
OF  AN  AVERAGE  AUDIENCE. 


In  Balfour  Stewart's  admirable  "Lessons  in  Elementary 
Physics"  he  says  :  "  There  is  a  limit  within  which  a  body 
may  l)e  temporarily  acted  upon  with  the  certainty  of  its  re- 
covering its  figure  when  the  force  is  withdrawn,  and  this  limit 
is  called  the  limit  of  elasticity,  the  word  elasticity  denoting  ten- 
dency to  recovery.  When  this  limit  is  overpassed  the  body 
dois  not  recover  itself,  but  becomes  weaker  and  weaker,  until 
at  length  it  vields  to  the  applied  pressure." 
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Sonic  intellectual  phenomena  seem  to  be  controlled  by  an 
analogous  law.  Our  minds  may  be  subjected  to  a  given 
amount  of  tension,  not  exceeding  a  certain  limit,  with  the  oer- 
taintyof  recovering  their  original  attitude  ;  but  if  taxed  beyond 
this  limit,  our  attention  becomes  weakened  until  finally  appre- 
hension fails,  and  "  the  subsequent  proceedings  interest  us 
no  more." 

The  existence  of  a  physical  limit  of  elasticity  in  solid  bodies 
may  be  proved  from  certain  phenomena  which  occur  when 
such  bodies  are  subjected  to  tension.  In  a  similar  way  we 
may  study  the  intellectual  phenomena  which  are  manifested 
when  an  audience  is  "acted  upon,"  and  the  minds  of  those 
who  compose  it  are  in  a  state  of  more  or  less  tension,  ami  v,r 
may  thus  deduce  some  of  the  laws  which  control  tl.e  mental 
operation  of  an  assemblage  of  people. 

But,  as  some  logician  has  asked,  "  On  what  principle  do  we 
decide,  in  watching  a  succession  of  phenomena,  that  they  are 
connected  as  cause  and  effect,  that  one  happened  in  conse- 
quence of  the  happening  of  another  ?"  In  the  present  instance 
we  may  adopt  John  Stuart  Mill's  statement  of  the  principle 
which  may  be  adopted  in  an  investigation  of  this  kind.  This 
statement  he  calls  the  "canon  of  the  method  of  difference," 
and  it  is  as  follows  : 

"  If  an  instance  in  which  the  phenomenon  under  investiga- 
tion occurs,  and  an  instance  in  which  it  does  not  occur,  have 
every  circumstance  in  common  save  one,  that  one  occurring 
only  in  the  former,  the  circumstance  in  which  alone  the  two 
instances  differ  is  the  cause,  or  an  indispensable  part  of  the 
cause,  of  the  phenomenon." 

To  apply  this  method  in  determining  whether  an  ordinary 
assemblage  of  people  has  any  intellectual  limit  of  elasticity, 
we  need  "  an  instance"  in  which  a  body  of  people  is  subjected 
to  a  limited  degree  of  mental  tension,  repeated  many  times, 
and  from  which  they  always  regain  what— to  use  Balfour 
Stewart's  physical  phraseology— we  may  call  the  "  figure"  of 
their  minds. 

Then  we  need  another  instance  in  which  the  limited  degree 
of  mental  strain  referred  to  is  "  overpassed,"  and  from  the 
repetition  of  which  the  audience  does  not  recover,  but  its  at- 
tention becomes  weaker  and  weaker,  until  at  length  it  fails 
altogether  to  apprehend  the  discourse  to  which  it  is  subjected. 

Happily  for  our  hypothesis  and  for  our  investigation,  we 
have  two  such  instances.  The  one  was  anticipated  by  a  notice 
dated  February  5,  in  which  it  was  said  that 

"The  second  meeting  of  Members  of  the  Society  of  Me- 
chanical Engineers  for  the  discussion  of  subjects  pertaining 
to  their  occupations  will  be  held  in  the  hall  of  the  Society,  at 
No.  12  West  Thirty-first  Street,  New  York,  on  Wednesday 
evening,  February  14,  at  8  p.m.  The  subject  which  was  dis- 
cussed on  January  10 — '  the  Development  of  Stationary 
Engines,  as  illustrated  by  those  exhibited  at  the  Columbian 
Exhibition  in  Chicago' — will  be  continued  at  Hie  next  meet 
ing.  The  introductory  address  will  be  by  Mr.  John  E.  Sweet, 
of  Syracuse,  N.  Y.  The'  subject  will  then  be  open  to  gen- 
eral discussion." 

The  other  was  announced  as  follows  : 

"  The  next  meeting  of  the  New  York  Railroad  Club  will  be 
held  at  12  West  Thirty-first  Street,  on  Thursday  evening,  Feb- 
ruary 1."),  180-1.  Mr.  It.  A.  Parke  will  read  a  paper  entitled 
'The  Vertical  Influence  of  Counterbalancing'  (on  locomo- 
tive*). There  will  be  proofs  of  the  text  and  illustrations  for 
distribution  among  members  present." 

The  introductory  address  of  Professor  Sweet,  which  was 
read  at  the  meeting  of  Mechanical  Engineers,  will  be  found 
on  another  page,  with  part  of  the  discussion  thereon.  The 
other  paper  on  Counterbalancing,  owing  to  the  limited  space 
available  in  'lot;  American  Engineer,  the  hard  times,  the 

heavy   expense   of  setting   up  a    great    many  abstruse  mathe- 
matical  formula;,   and   for  other  reasons  has  not  been  repub- 


lished, nor  would  our  readers  probably  be  much  interested  in 
the  discussion  which  followed  the  paper.  The  two  meetings, 
however,  supplied  the  instances  which  Mill  says  are  needed  to 
determine  that  the  succession  of  phenomena,  which  were 
manifested,  were  connected  as  cause  and  effect — that  is,  the 
two  meetings  "  had  every  circumstance  in  common  save  one," 
and  the  phenomenon  under  consideration  occurred  at  the  one 
meeting,  and  did  not  occur  at.  the  other.  Or,  to  express  it 
differently,  the  audience  in  the  one  case  was  acted  upon  by 
intellectual  forces  repeated  temporarily  many  times,  and  in 
each  ease  it  recovered  its  "figure,"  and,  apparently,  when 
the  discussion  was  ended  the  apprehensive  capacity  of  the 
audience  was  as  great  as  when  the  meeting  began.  On  the 
second  evening,  however,  it  was  obvious  that  the  elasticity  or 
"  the  tendency  to  recovery"  of  the  attentions  of  those  present 
was  'overpassed."  As  already  remarked,  the  two  meetings 
"  had  ever}*  circumstance  in  common  save  one"-  that  was  the 
character  id'  the  papers.  Our  readers  may  judge  of  Professor 
Sweet's  paper  themselves — probably  few  of  them  will  begin 
reading  it  without  finishing  it  at  one  sitting.  It  is  clear  and 
incisive,  with  veins  of  humor  running  through  it  like  the 
striatious  in  a  crystal.  There  is  not  a  dull  or  obscure  line  in 
the  whole  of  it,  and  it  has  pre-eminently  the  merit  of  lucidity. 
When  he  ended  the  reading  of  it  there  was  a  general  manifes- 
tation of  resilient  satisfaction  through  the  whole  audience. 
Each  individual  seemed  to  recover  his  mental  spring  the  mo- 
ment the  professor  relieved  the  gentle  and  agreeable  strain  on 
their  attention. 

It  may  be  said  of  an  audience  as  Mr.  Clark — in  his  work  on 
the  Britannia  and  Con  way  tubular  bridges — said  of  girders, 
that  "  time  is  an  important  element  in  producing  the  ultimate 
permanent  set  in  any  elastic  material."  In  all  the  wrought- 
iron  girders  which  he  tested,  he  says  that  "a  considerable 
time  elapsed  befcre  they  attained  a  deflection  which  remained 
constant."  That  this  principle  is  a  law  of  intellectual  as  well 
as  physical  statics  was  recognized  by  the  Committee  which 
has  charge  of  the  meetings  of  the  Members  of  the  Society  of 
Mechanical  Engineers,  in  the  rule  which  has  been  adopted  by 
them,  requesting  the  principal  speaker  of  each  evening  not  to 
occupy  more  than  !!()  minutes,  and  limiting  those  who  take 
part  in  the  discussion  thereafter  to  five  minutes.  For  such 
periods  of  time  an  audience  will  have  the  power  of  resisting  a 
degree  of  strain  without  deformation,  which,  if  imposed  for 
longer  periods,  would  result  in  an  enduring  stretch,  which 
maybe  manifested  by  frequent  yawning  and  lateral  deflections. 
At  the  meeting  referred  to,  the  demands  made  upon  the  atten- 
tion of  the  audience  were  much  below  the  clastic  limit,  both 
in  the  introductory  address  and  in  the  discussion  which  fol- 
lowed. When  the  meeting  ended  the  audience  seemed  to  re- 
bound, and  was  in  an  alert  and  even  jovial  state  of  mind.  All 
were  apparently  interested  and  entertained,  some  were  in- 
structed, and  probably  others  will  ultimately  be  pecuniarily 
profited  by  reason  of  being  present.  Many  of  those  who  were 
there  congratulated  others  who  were  present  on  the  fact  that 
there  had  been  "  a  good  meeting."  As  these  meetings  are  to 
a  considerable  extent,  experimental — the  one  referred  to  being 
only  the  second  one  of  the  scries— the  interest  which  was  mani- 
fested was  especially  gratifying  to  those  who,  in  a  measure, 
are  responsible  for  them  and  for  the  manner  in  which  they  are 
conducted.  That  the  attention  of  the  audience  was  not 
stretched  beyond  its  intellectual  clastic  limit  was,  however, 
obvious,  and  was  due  to  a  very  considerable  degree,  if  not  en 
tirely,  to  the  fact  that  those  who  took  part  in  it  recognized 
that  "  a  listener  leis  at  each  moment  but  a  limited  amount  of 
mental  power  available,  and  it  is  of  the  utmost  importance 
that  this  attention  should  be  economized,  and  that  ideas  should 

be  presented  so  that  they  may  be  apprehended  with  the  least 

possible  menial  effort." 

As  a  contrast   to  lids  meeting,  the  one  held  on  February  15 
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may  be  quoted.  The  paper  which  was  Ihen  read  occupied 
30  pages  of  closely  printed  miniou  type,  interspersed  from 
beginning  tc  end  with  mathematical  formula,  of  a  high  degree 
of  tensile  strength,  or,  to  use  a  more  expressive  synonym,  they 
■were  tough.  It  would  be  a  very  useful  investigation,  and  it 
might  help  in  the  advancement  of  science  and  general  engi- 
neering knowledge,  if  some  one  would  make  a  series  of  tests 
of  the  capacity  of  resistance  of  an  audience  to  mathematical 
strain,  and  would  tabulate  the  results,  or  would  plot  them  in  a 
graphical  diagram.  The  investigation  might  be  conducted 
somewhat  in  this  way  :  the  investigator  would  prepare  a  series 
of  mathematical  demonstrations  of  a  progressive  character, 
beginning  with  examples  in  the  simple  rules  of  arithmetic,  and 
progressing  gradually  to  increasingly  difficult  problems  fol- 
lowed by  algebraic  formulae  arranged  in  similar  order,  which 
could  be  succeeded  by  demonstrations  and  elucidations  in 
which  trigonometry,  calculus  and  other  tenacious  mathemati- 
cal methods  are  employed.  The  "  sums,"  formula?  and  dem- 
onstrations to  be  numbered,  and  each  person  in  the  audience 
to  be  provided  with  a  card,  and  after  the  mathematical  elucida- 
tion has  been  inscribed  on  a  blackboard  and  explained,  each 
person  to  mark  on  his  card  whether  he  comprehended  the 
demonstration  fully,  partially,  or  not  at  all.  From  these  cards 
a  series  of  what  may  be  called  moduli  of  comprehension  could 
be  established.  That  is,  they  would  show  how  many  persons 
in  an  audience  could  understand  simple  arithmetical  proof  of 
any  proposition,  how  many  would  go  wool-gathering  over 
decimal  or  vulgar  fractious,  the  proportion  of  people  to  whom 
algebra  is  as  Greek  is  to  all  who  know  but  one  language  and 
are  not  Grecians.  It  would,  we  feel  sure,  be  demonstrated 
that  only  an  infinitesimal  number  of  persons  in  audiences,  like 
those  which  assembled  in  the  hall  of  the  Mechanical  Engineers 
on  February  14  and  15,  can  comprehend  an  elucidation,  in 
which  the  processes  of  calculus  are  employed,  by  merely  hear- 
ing it  read.  If  different  scientific  organizations  would  make 
such  tests  and  establish  what  might  be  called  factors  of  intelli- 
.  they  would  lie  a  great  help  to  those  who  contemplate 
reading  papers  before  them  in  determining  the  limit  of  elas 
ticity  of  the  audience  before  which  they  are  to  appear.  If, 
for  example,  it  was  found  that  90  per  cent,  of  the  persons  who 
are  members  of  the  Society  of  Mechanical  Engineers  can  un- 
derstand arithmetical  demonstrations,  60  can  go  as  far  as  easy 
algebra,  40  per  cent,  cannot  follow  in  trigonometry,  and  only 
in  can  keep  up  when  an  author  plunges  into  calculus,  then, 
obviously,  the  character  of  his  paper  should  be  determined  by 
the  number  of  people  he  desires  to  interest  and  instruct.  If 
it  is  his  purpose  to  interest  his  whole  audience,  he  will,  if  he 
is  wise,  do  as  Professor  Sweet  did — leave  out  all  mathematics. 
If  he  is  willing  to  ignore  the  10  per  cent,  who  cannot  follow 
in  arithmetic,  he  may  put  a  few  figures  in  his  paper,  or  he 
limy  disregard  the  40  per  cent,  who  are  "  stumped"  by  algebra 
and  risk  a  few  or  many  formula-.  This  train  of  reasoning 
will  lead  inevitably  to  the  conclusion,  that  with  a  given  audi- 
ence a  paper  may  have  so  much  mathematics  in  it  that  it 
would  not  be  worth  while  to  read  it  at  all,  because  so  few  or 
none  could  understand  it.  It  would  be  somewhat  like  the  apho- 
rism of  the  young  artist  in  Punch,  who  painted  high-art  pic 
tuns  which  no  one  would  buy,  and  was  asked  by  his  uncle 
why  he  did  not  paint  popular  pictures,  like  the  "  Derby  Day." 
The  answer  was  that  "  art  is  for  the  few  ;  the  higher  the  art, 
the  fewer  the  few  ;  ultimately  the  highest  art  is  for  but  om  , 
and  [am  that  ONE."  There  arc  papers  which  are  evidently 
written  for  but  one,  and  that  om  is  the  author.  The  question 
arises  whether  it  is  worth  while  to  read  such  papers.  They 
may  have  their  use  and  be  of  very  gnat  value,  but  the  read- 
ing of  them  before  a  miscellaneous  audience  is  probably  of  no 
benefit  to  any  one.  It  is  safe  to  say  that  there  were  not  three 
persons  in  the  audience  who  listened  to  the  paper  which  was 
read  at  the  Railroad  Club  on  the  evening  of  February  16,  or 


had  the  fortitude  to  hear  it  all,  who  could  follow  the  reason- 
ing or  the  demonstrations  which  the  author  had  elaborated, 
evidently  with  much  care  and  thought.  The  limit  of  elas- 
ticity of  that  audience  was  exceeded,  and  all  who  remained 
through  the  whole  reading  of  it  had  a  permanent  mental 
"set,"  and  their  minds  were  stretched  to  such  an  extent  that 
very  few  of  them  reacted  when  the  tension  was  released. 
In  a  recent  magazine  article  the  author  advises  the  jocular 
storyteller,  before  telling  a  story,  always  to  calmly  put 
to  himself  the  question,  "  Should  I A derive  pleas- 
ure   from    listening    to  this    from   the    mouth    of    B ." 

Authors  of  papers  to  be  read  before  miscellaneous  audi- 
ences should  always  subject  themselves  to  a  similar  in- 
trospection, and  should  solemnly  ask  themselves  the  ques- 
tion, "  Would  I,  the  author,  be  interested   or  profited   from 

hearing  a  paper  of  this  kind  and  length  from  B or  any 

other  person  of  equal  caliber  to  myself  '!"  It  might  not  be  a 
bad  plan  for  committees  in  charge  of  such  meetings  to  put 
some  such  question  to  the  authors  of  papers  before  they  are 
read. 

It  would,  of  course,  be  very  great  folly,  at  the  present  day, 
for  an}-  one  to  underestimate  the  uses  and  value  of  mathe- 
matics as  an  instrumentality  for  analysis  and  investigation. 
The  projector  of  the  North  River  Tunnel,  who  testified  some 
years  ago  before  a  commission  that  he  thought  "  a  knowledge 
of  mathematics  dwarfed  a  man's  mind,"  has,  it  is  true,  a 
counterpart  in  a  venerable  protectionist  in  Philadelphia,  who 
in  a  recent  public  letter  expressed  the  opinion  "  that  of  all  the 
institutions  in  the  country,  the  college  was  the  one  which  ex- 
erted the  most  pernicious  influence." 

We  all  recognize  the  uses  and  value  of  mathematics,  the 
regret  of  some  of  us  being  that  we  know  so  little  ;  but  a  knowl- 
edge of  it  is  somewhat  like  one's  underclothing— useful  and 
indispensable,  but  it  is  not  well  to  display  it  publicly. 

There  are  few  engineers  worthy  of  the  name  who  would 
build  a  bridge,  a  roof,  or  construct  a  machine  without  taking 
into  account  the  elastic  limit  of  the  material  used,  and  who 
will  yet  appear  before  an  assemblage  of  people  without  giving 
a  thought  to  the  fact  that  the  attention  of  those  who  listen  to 
them  is  limited  by  laws  as  absolute  as  those  which  govern  the 
strength  and  resistance  of  iron  and  steel. 

Of  the  value  of  the  paper,  whose  form,  character  and  length 
has  been  commented  on,  we  will  for  the  present  at  least  have 
nothing  to  say.  Some  one  has  said  that  they  always  distrust 
a  conclusion  which  cannot  be  proved  in  any  other  way  except- 
ing by  mathematics.  There  is  some  reason  for  this  distrust. 
Whether  the  conclusions  which  were  reached  by  Mr.  Parke 
are  sound  or  not  will  not  now  be  discussed.  All  that  is  in- 
tended here  is  to  point  out  that  such  papers  are  unsuited  for 
reading  before  audiences  of  the  kind  that  assemble  at  the 
monthly  meetings  of  the  Railroad  Club — and  perhaps  it  would 
not  be  far  wrong  to  say,  or  any  other  audiences— unless  it  be 
a  very  few  who  are  well  up  in  mathematics  and  are  constantly 
using  it.  It  would  seem  as  though  a  short  catechism  might 
be  framed  which  would  be  useful  to  those  in  charge  of  and 
those  who  intend  to  read  papers  or  make  addresses  at  techni- 
cal and  other  meetings.  It  might  embrace  such  questions  as 
the  following  : 

Is  there  a  limit  within  which  an  audience  "maybe  tern 
porarily   acted   upon   with    the    certainty   of    recovering   its 
figure"  I 

When  this  limit  is  "  overpassed."  what  happens? 

What  proportion  of  the  audience  will  probably  understand 
and  follow  an  arithmetical  demonstration  by  nierelj-  hearing 
it  read  '.'  how  many  can  keep  up  with  the  algebra  in  the  paper  '.' 
and  can  you  estimate  the  percentage  of  those  who  will  not  be 
vanquished  by  your  calculus? 

Estimated  in  time,  when  the  limit  of  elasticity  of  your  audi- 
ence will  he   reached,   when   will   permanent   set   begin,   how 
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much  extension  may  be  expected,  and  how  much  will  the  area 
of  your  audience  be  reduced  l>efore  rupture  takes  place  ! 

In  some  eases — as  in  political  meetings— it  might  be  well  to 
consider  whether  the  reaction  at  the  point  of  rupture  may  not 
be  violent. 

It  would  seem  as  though  a  study  of  the  laws  of  intellectual 
elasticity  would  have  an  analogous  result  to  that  which  fol- 
lowed a  knowledge  of  the  principles  of  physical  elasticity — in 
the  one  case  mechanical  structures  were  made  safer,  in  the 
other  there  would  be  much  less  risk  that  meetings  for  techni- 
cal discussion  would  fail  in  the  purpose  for  which  they  are 
held,  which,  it  may  be  assumed,  is  for  the  entertainment,  in- 
struction and  profit  of  those  who  attend  them. 


NEW   PUBLICATIONS 


Heucal  Sears.     A  Practical  By  a  Foreman  Pat- 

tern-Maker.    Macniillan  &  Co.,  Xew  York. 

This  book  gives  very  clear  and  detailed  directions  for  the 
guidance  of  the  patternmaker  in  laying  out.  constructing. 
and  molding  helical  gears — that  is.  gears  in  which  the  acting 
surfaces  of  the  teeth,  instead  of  being  parallel  with  tin 
of  the  wheels,  as  in  ordinary  spur  and  bevel  gears,  are  heli- 
eoids  about  these  axes.  The  practical  instruction  is  so  ex- 
plicit, that  a  pattern-maker,  by  carefully  following  it,  could 
produce  the  best  attainable  results  with  very  little  original 
thought  or  invention  on  his  own  part.  Considerable  informa- 
tion is  also  given  as  to  methods  of  molding  these  gears,  and 
altogether  the  subject  is  placed  in  a  clearer  light,  and  its  pos- 
sibilities and  difliculties  more  fully  explained,  than  ever  before 
in  type. 

The  author's  claims  as'to  the  advantages  of  helical  gears,  and 
the  more  theoretical  parts  of  the  book  generally,  arc  not  quite 
as  happy  as  those  parts  relating  to  the  actual"  making  of  the 
patterns.     For  instance,  .  be  states  that  the  diagonal 

thrust,  which  takes  place  at  all  points  of  contact  situated  away 
from  the  actual  pitch  point  of  cycloids]  gears,  i-  an  evil  in- 
separable from  the  action  of  ordinary  gears  which  it  is  desira- 
ble to  eliminate.     If  this  is  such  an  evil,  why  is  it  that  invo- 
lute teeth,  in    which   this  diagonal  thrust  is  always  pit  - 
even  at  the  pitch  point,  are  being  so  largely  used  in  thi 
practice  of  to  day,  and  arc  rapidly  supplanting  the  cycloidal 
shape':    Again,  the  statement  that  the  driving  force  undl  I 
constant  variation  as  the  point  of  contact  between  the  teeth 
moves  away  from  the  pitch  |>oint  is  very  misleading,  as  we 
know  that  with  properly  shaped  teeth  the  drivil  s  is  con- 

stant throughout  the  whole  are  of  action.  The  claim  on 
6  that  with  helical  teeth  "  the  wheels  would  revolve  by 
rolling  contact  without  sliding,  and  thus  approximate  to  the 
condition  of  ideal  cylinders  rolling  by  the  contact  of  smooth 
peripheries,"  would  be  rather  difficult  to  sustain. 

Helical  gears  would  be  used  much  more  generally  if  they 
could  be  made  as  accurately  and  as  cheaply  as  ordinary  g 
and  anything  which  tends  to  clear  up  the  mystery  surround- 
ing them,  or  to  simplify  the  methods  of  making  them,  or  to 
improve  their  shapes  and  accuracy,  is  very  desirable.  This 
book  undoubtedly  has  tnis  tendency,  ami  is  a  valuable  addi- 
tion to  the  literature  on  the  subject.  It  will  prove  of  interest 
and  use  to  any  pattern-maker  or  draftsman  who  has  mui 
do  with  gearing  of  any  description,  and  should  be  carefully 
studied  by  all  who  wish  to  make  this  kind,  or  are  inclined  to 
the  belief  that  their  use  would  be  beneficial  or  profitable. 


Hydraulic  Temim.-Mac  ihn  .1.   //.   /: 

C.E.     As  Designed  and  Built  by  William  - 
corporated  .  Philadelphia. 

This  publication  is  a  pamphlet  of  14  pp..  ~:.  X  ~l   in.,  in 
which  thi    _       ■  .,f  the  Emery  testing  machine 

are  first  di  -  (tracts  from  reports  on  "tin-  machine  made 

to  the  Institution  of  Civil  Engineers,  the  American  Ass 
tion  'if  Mechanical  1  ind  the  American  Institul 

Mining  Engineers,  are  then  given.    The  latter  part  of  the  book 
has  the  title  of  "  Specification,"  but  it  is  really  a  descriptti 
the  construction  of  different  types  which  are  made  by  this  firm. 
To  those  who  arc  interested  in  the  subject  of  testing  mach 
and  have  comparatively  little  knowledge  of  them  or  of  the  Em- 
cry  machine,  tins  part  of  the  publicah'on  under  review  will 
quite  too  brief  and  lacking  in  luciditv.    It  is  very  doubtful 


whether  any  one.  even  the  most  skilled  mechanic,  could  get 
a  clear  idea  of  the  general  construction  of  the  machine  from 
the  description  given.  If  one  or  more  sectional  drawings  had 
been  added,  showing  its  principal  parts  or  organs,  with  letters 
of  reference,  the  reader  would  have  had  an  image  of  these 
parts  and  their  relation  to  each  other  which  would  have  helped 
him  immensely  and  enabled  him  to  understand  the  general 
construction  without  difficulty. 

The  pamphlet  before  us  is  illustrated  with  halftone  engrav- 
ings of  a  Hydraulic  Support  Testing  Machine  of  a  capacity  of 
500,000  lbs.',  Horizontal  Type  Machines  of  100,000  lbs.,  200",000 
lbs.  and  300,000  lbs.  capacity,  and  a  Pump  for  Testing  Ma- 
chine with  Adjustable  .Stroke. 

The  following  extract  will  interest  the  general  as  well  as 
the  technical  reader  : 

"  One  of  the  '  proof  '  experiments  by  the  United  States  Gov- 
ernment Board  was  the  breaking  in  tension  of  a  forged  iron 
link,  5  in.  iu  diameter  between  the  eyes,  at  a  strain  of  T'22,800 
lbs.,  and  immediately  thereafter  a  single  horse-hair  sejen 
thousandths  of  an  inch  in  diameter  was  slowly  strained,  and 
after  stretching  30  percent.,  snapped  under  the  recorded  strain 
of  10  oz.  Masses  of  metal  were  subjected  to  pressures  of 
1,000,000  lbs.  in  compression  alternately  with  eggs  and  nut- 
shells, ainl  iu  all  cases  the  machine  operated  with  equal  ac- 
curacy." 

The  typographical  work  of  this  catalogue  is  by  the  well- 
known  ,T.  B.  Lippincott  Company,  and  is  all  that  could  l>e 
desired. 


What  as  Engineer  Shoi  m  Know  about  Electricity. 
By  Albert  L.  Clough,  E.E.  The  Mason  Regulator  Com- 
pany, Boston,  Mass.     4*  X  6j  in  .  10s  pp. 

The  object  of  this  book,  the  author  says  in  his  preface,  is 
"  to  present  plainly  and  without  the  use  of  difficult  technicali- 
ties or  mathematics,  to  all  who  have  to  deal  with  electrical 
appliances,  brief  descriptions  of  their  various  forms,  practical 
'  pointers  '  on  the  troubles  to  which  they  are  liable  and  their 
remedies,  as  well  as  general  instructions  for  doing  simple  con- 
struction w-ork.  such  as  is  often  needed,  as  a  slight  extension 
of  tin  already  established  plant." 

It  begins  with  some  preliminary  explanations  and  definitions 
about  electricity  circuits,  volts,  amperes,  ohms.  etc.  Part  I 
is  on  Light  Current  Working,  and  contains  sections  on  the 
Battery.  Circuits.  Electric  Bells.  Burglar  and  Fire  Alarms. 
Electric  Gas  Lighting,  Dynamos.  Part  II  is  on  Heavy  Cur- 
rent Applications,  and  discusses  Incandescent  Electric  Light- 
ing, Arc  Lighting.  Transmission  of  Power,  Storage  Batteries, 
and  ends  with  the  Rules  and  Requirements  of  the  Under- 
writers' Association  with  reference  to  the  use  of  electric  appli- 
ances. 

The  book  is  writleu  in  very  simple  and  clear  language,  and 
is  full  of  information  for  those  who  have  the  care  of  electric 
appliances.  The  deficiency  in  it  seems  to  be  that  it  is  assumed 
that  the  novice  knows  more  than  he  really  does,  and  matters 
which  no  doubt  are  extremely  plain  to  the  writer'  are  not  suf- 
ficiently explained.  The  book  is  also  without  an  index,  which 
is  an  unpardonable  literary  sin. 


Tns  National  Cab  axd  Locomotive  Builder.  This  pub- 
lication comes  to  us  each  month  apparently  undiminished  in 
prosperity  by  hard  times,  and  with  no  loss  of  interest  on  ac- 
count of  the  dullness  in  business.  The  February  number  con- 
tains a  number  of  very  interesting  articles — one  on  Passenger 
Car  Construction,  b\  Ernest  Merrick,  in  which  some  new 
methods  are  described,  and  in  which  it  is  proposed  to  abandon 
the  use  of  end  platforms.  Another  article  is  a  report  on  the 
Method  of  Securing  Cylinders.  Smoke-Boxes,  ami  Frames 
on  Locomotives,  which  was  made  lo  tin-  Southern  &  South- 
western Railway  Chile  Some  of  the  circulars  of  the  Master 
Car-Builders  arc  reprinted,  and  much  other  information  is 
given  which  will  interest  those  who  are  concerned  in  the  con- 
ion  or  maintenance  of  rolling  stock.  One  editorial  arti- 
cle, however,  is  not  cheerful  reading.  It  discusses  the  1 
tion,  "  Where  is  the  safest  place  on  a  train  ."  and  points  out 
with  considerable  minuteness  of  detail  and  show  of  technical 
knowledge  when  and  where  a  traveler  is  most  likely  to  have 
his  neck  or  his  hones  broken. 

It  is  announced  that  the  directory  of  railroads  and  railroad 
officers,  which  is  so  useful  and  convenient  an  appendage  to 
this  publication,  has  been  officially  corrected,  and  that  the 
publisher  has  abandoned  machine-set  for  hand-set  type,  and 
prognosticates  a  generally  improved  tone  in  business,  for 
which  we  are  all  looking  so  anxiously.  There  is  a  kind  of 
ne  about  the  publication  which  [implies  a  comforta- 
ble bank  account  and  general  prosperity. 
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Railroad  Cab  Journal.    The  bound  volume  of  the  Rail- 
road Car  Journal  for  the  year  1893  comprises  a  very  complete 

record  of  what  has  beeu  done  in  car  construction  during  the 
past  year.  While  it  is  almost  absolutely  impossible,  as  all 
railroad  meti  are  aware,  to  obtain  matter  in  regard  to  the  car 
construction  and  car  designing  which  bears  the  stamp  of  abso- 
lute novelty,  yet  the  illustrations  and  the  matter  contained 
in  the  paper  under  review  constitute  a  valuable  record  of  cur- 
rent practice  and  of  what  has  been  done  in  the  past.  There 
are  numerous  working  drawings  which  afford  all  the  informa- 
tion which  would  be  required  for  a  duplication  of  the  original 
in  the  shop,  as  well  as  photographs  of  perspective  views  giv- 
ing an  idea  of  the  external  appearance  of  the  cars  and  car 
machinery  described.  The  paper  is  neatly  printed,  and  evi- 
dently considerable  care  is  taken  in  the  selection  of  matter  and 
in  the  editing  of  the  same,  and  the  whole  contains  a  deal  of 
valuable  information  fcr  car  builders. 


An  Elementary  Treatise  on  the  Steam  Engine,  with 
Questions  for  Examination.  Bv  Randall  W.  McDonnell. 
Dublin  :  William  McGee  ;  London  :  Marshall  &  Co.  ?i  X 
4f  in.  48  pp. 

The  supply  and  demand  for  books  on  the  steam-engine 
seem  to  be  unlimited,  and  yet  an  editor  of  a  technical  journal 
is  seldom  puzzled  more  than  he  is  when  asked  to  recommend 
a  book  on  this  subject. 

The  little  volume  before  us,  we  are.  informed,  is  the  work 
of  a  very  young  man,  who  has  evidently  tried  to  explain  what 
he  has  learned  from  books  and  other  sources,  and  has  done  it 
very  well.  It  begins  with  an  explanation  of  the  old  New- 
comen's  engine  and  then  advances  to  Watt  and  to  modern 
practice.  It  is  obviously  the  work  of  an  amateur  author,  but 
is  better  than  many  books  by  writers  of  more  mature  years. 


Dynamo  and  Motor  Building  for  Amateurs.  By  C.  D. 
Parkhurst,  U.S.A.  The  W.  J.  Johnston  Company,  Lim- 
ited, New  York.     6|  X  4|  in.,  163  pp. 

This  simple  book  is  "an  attempt  to  describe  to  amateurs 
such  forms  and  types  of  motors  and  dynamos  as  are  simply 
and  easily  made."  It  contains  directions  for  making  A  Small 
Electric  Motor  for  Amateurs  ;  A  "  Home-Made"  Electric 
Motor  ;  A  Sewing-Machine  Motor  for  Amateurs  ;  Armature 
Windings;  Connections  and  Currents;  A  Fifty  Light  Incan- 
descent Dynamo,  and  an  Appendix. 

The  book  is  clearly  written,  with  very  full  and  detailed 
directions  for  doing  what  it  was  the  purpose  of  the  author  to 
explain. 

TRADE  CATALOGUES. 


The  Lunkenheimer  Company,  of  Cincinnati,  have  issued 
a  neat  folder  illustrating  their  "  Renewable  Seat-Gate  Valves," 
of  which  different  styles  are  represented,  with  a  table  giving 
price-list,  dimensions,  weights,  etc. 


The  Young  &  Willeyer  Automatic  Mechanical  Rail- 
road Block-Signal  Company,  of  204  Walnut  Place,  Phila- 
delphia, have  issued  a  small— 5J  X  8£  in. — circular  of  8  pp., 
containing  a  description  of  their  block  signals.  It  is  to  be 
regretted  that  this  description  is  not  accompanied  with  en- 
gravings of  their  apparatus,  as  no  one  can  get  a  clear  idea  of 
its  construction  without  such  illustrations. 


The  Detrick  &  Harvey  Machine  Company,  of  Baltimore, 
send  us  a  neat  pocket  diary  and  memorandum  book  for  1894. 
It  contains  some  useful  data  about  population  and  postage 
and  calendars  for  1894  and  1895.  It  also  conveys  the  informa- 
tion—and this  is  perhaps  its  most  important  function — that 
the  publishers  are  Designers  and  Builders  of  Experimental 
and  Special  Machinery  of  all  kinds  and  Manufacturers  of  the 
Open  Side  Planer. 


The  Magnolia  Metal  Company,  of  74  Cortlandt  Street, 
New  York,  have  published  a  sheet  containing  half-toue  en- 
gravings of  22  different  bearings.  These  apparently  are  shown 
as  they  appeared  after  being  tested,  but  the  whole  matter  is 
presented  in  such  an  incoherent  way,  both  typographically 


and  rhetorically,  that  it  is  not  easy  to  get  at  the  significance 
of  the  illustrations  or  the  fragments  of  reports  accompanying 
them.  The  purpose  of  the  publication  is  to  show  that  Mag- 
nolia metal  came  out  ahead,  in  some  tests  which  were  made 
somewhere  by  somebody,  but  neither  the  place  where  the 
tests  were  made  nor  the  parties  who  made  them  are  clear  from 
the  publication  before  us. 


Knowles  Special  Catalogue  of  Power  Pumps,  for  Paper 
mill  Pulp  Mills.  Knowles  Steam  Pump  Works,  93  Liberty 
Street,  New  York.     5|  X  7|  in.,  31  pp. 

The  publishers  say  of  this  that  it  is  a  special  catalogue  of 
paper-maker's  belt  driven  pumps.  The  following  different 
kinds  of  pumps  are  illustrated  and  described  by  excellent  en- 
gravings and  clear  descriptions  :  Vertical  Triplex  Boiler  Feed 
Pump,  Horizontal  Single  Boiler  Feed  Pump,  Horizontal  Du- 
plex Light  Service  Pump,  Vertical  Triplex  Pressure  Pump 
for  Hydraulic  Pulp  Grinders,  Horizontal  Duplex  Pressure 
Pump  for  Hydraulic  Pulp  Grinders,  Vertical  Post  Stuff  Pump, 
Vertical  Fly-wheel  Stuff  Pump,  Vertical  Fly-wheel  Post  Stuff 
Pump,  Vertical  Duplex  Geared  Stuff  Pump,  Triplex  Stuff 
pump,  Suction-box  Vacuum  Pump,  Vacuum  Pump  for  Re- 
volving Suction-box,  Vacuum  Pump  for  Sulphite  Process, 
Underwriter  Fire  Pump,  Automatic  Receiver  and  Pumps. 

The  engraving,  printing,  and  descriptions  are  all  excellent. 


Ball  Balanced  Compoi  nd  Locomotive.  21  pp.,  6i  X  9| 
in.  This  pamphlet  describes  a  form  of  locomotive  with  out- 
side cylinders  arranged  "  tandem"  fashion.  The  centers  of 
the  two  low-pressure  cylinders  are  sufficiently  near  together 
to  be  connected  to  crank-pins  close  to  the  wheels.  The  cen- 
ters of  the  high-pressure  cylinders  are  farther  apart,  and  they 
are  connected,  by  separate  connecting-rods,  to  pins  on  return 
cranks  attached  to  the  main  crank-pins.  These  two  pins  are 
set  opposite  to  each  other,  so  that  the  reciprocating  parts  of 
one  cylinder  balance  those  of  the  other.  The  trailing  wheels 
also  have  return  cranks,  and  there  are  two  coupling-rods  on 
each  side  of  the  engine,  which  is  of  the  American  type. 

There  are  also  illustrations  of  an  eight-wheeled  suburban 
locomotive  of  the  Forney  type  with  the  balanced  compound 
features  adapted  to  it.  These  are  all  very  well  illustrated,  the 
engravings  being  made  from  excellent  drawings,  but  which 
have  been  reduced  too  much,  the  dimensions  being  illegible. 

The  office  of  the  Company  is  at  82  Church  Street,  New 
York. 

After  the  Fair.     Twenty-fifth  Anniversary  Souvenir  of  the 

Page  Belting  Company.      Concord,  N.  H.     (H  X  9A  in.,  36  pp. 

The  purpose  of  this  pamphlet  is  to  publish  the  judges'  re- 
ports and  awards  which  were  made  to  the  Page  Belting  Com- 
pany, for  leather  belting  exhibited  at  the  Columbian  Exhibi- 
tion, and  also  to  illustrate  and  describe  their  exhibits  at  the 
great  "  show."  The  first  few  pages  are  devoted  to  the  awards 
and  reports,  and  to  "  Corroboratory  Testimony"  of  those 
awards.  This  testimony  consists  of  a  series  of  letters  from 
the  parties  who  used  the  Page  belting  at  the  Exhibition. 
These  are  followed  by  a  series  of  half-tone  engravings  show- 
ing the  various  exhibits  of  the  Company  with  descriptions 
thereof.  There  is  also  a  history  of  the  Company  with  a  view 
of  their  original  shops  of  1808,  and  of  their  present  works  at 
Concord,  N.  H.  The  hist  page  contains  views  of  their  ware- 
houses at  91  Liberty  Street,  New  York  ;  31  Pearl  Street,  Bos- 
ton ;  165  Lake  Street,  Chicago,  and  42  Sacramento  Street,  San 
Francisco.  On  the  last  outside  cover  is  a  diagram  showing  a 
whole  hide  of  leather,  and  descriptions  of  how  it  is  cut  to 
make  different  kinds  of  belting. 


Wheeler's  Improved  Surface  Condensers.  Wheeler  Con- 
denser &  Engineering  Company,  New  York.  9i  X  of  in., 
20  pp. 

The  outside  cover  of  this  publication  has  an  excellent  en- 
graving showing  a  section  of  the  Wheeler  Surface  Condenser. 
It  is  printed  in  three  colors,  the  outlines  being  black  ;  the  brass 
parts  are  shown  in  yellow,  and  the  iron  or  steel  parts  in  blue. 

The  introductory  part  of  the  pamphlet  sets  forth  the  "  Ad- 
vantages" of  the  condeuser,  and*  says  that  when  there  is  a 
sufficient  supply  of  water  available,  any  existing  high-pressure 
engine  can  readily  be  converted  into  a  condensing  engine  with 
a  resulting  economy  of  from  15  to  25  per  cent,  of  fuel.  A 
description  of  the  construction  and  operation  of  the  condenser 
and  of  the  improved  "Wheeler  Admiralty  Tube,"  which  is 
used,  follows.  This  is  succeeded  by  excellent  wood-engrav- 
ings, showing   perspective  and  sectional   views  of  different 
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kinds  of  surface  condensers  made  by  this  Company.  An  illus- 
tration of  a  jet  condenser,  a  view  of  their  works  at  Carteret, 
N.  J.,  completes  this  pleasing  and  satisfactory  publication. 
It  may  be  added  that  the  New  York  office  of  the  Company  is 
at  Xos.  39-41  Cortlandt  Street. 


Hyatt  Roller  Bearing  Company.  12  pp.,  51  x  '■'  in. 
Roller  hearings  have  been  the  subject  of  the  dreams  of  innu- 
merable inventors  for  a  great  many  years  past.  In  the  pam- 
phlet before  us  it  is  said  that  more   than  800  patents  have  liven 

issued  in  this  country  on  such  bearings,  and  yet  comparatively 

few  are  now  in  use.  and  those  only  under  slow-moving  mech- 
anism. Roller  bearings  which  have  heretofore  been  made  had 
to  he  turned,  hardened  and  accurately  finished.  The  same  is 
true  of  hall  hearings.  The  Hyatt  hearing  is  au  ingenious  de- 
vice to  get  over  the  difficulties  encountered  in  other  similar 
hearings, .and  consists  of  flexible  bearings.  They  are  made  of  a 
ribbon  or  Hat  bar  of  steel  wound  on  a  mandrel  to  form  a  close 
spiral,  and  it  is  claimed  that  "  such  a  roller  adapts  itself  per- 
fectly to  every  inequality  of  the  axle  or  the  bearing,  and  can- 
not he  crushed  or  distorted  by  side  strains  on  the  hearing  or 
bending  of  the  journal."  It  is  also  said  that  such  hearings  do 
not  require  lo  be  turned  or  finished  in  any  way.  and  arc  there- 
fore much  cheaper  than  an}'  other  roller  or  ball  bearings  which 
have  heretofore  been  proposed.  The  idea  is  a  very  ingenious 
one,  ami  has  in  it  a  promise  of  great  success. 

Various  forms  and  applications  of  the  bearings  are  well  illus- 
trated and  described  in  the  pamphlet  which  has  been  issued 
by  the  Company,  whose  office  is  at  77  Liberty  Street,  New 
York. 


The  History  of  a  Lead-Pencil.  By  Walter  Day.  The 
Joseph  Dixon  Crucible  Company,  Jersey  City,  X.  -I.  V>j  x  51 
in.,  16  pp. 

Probably  of  the  millions  of  people  who  daily  use  lead-pen- 
cils very  few  have  any  idea  of  bow  or  where  they  are  made. 
The  little  publication  which  the  Dixon  Crucible  Company  has 
just  issued  gives  a  great  deal  of  interesting  information  about 
the  different  kinds  of  pencils  which  they  make,  bow  they  are 
manufactured,  and  why.  The  pamphlet  is  as  interesting  as  a 
good  novel,  anil  probably  few  who  have  the  time  to  read  it 
will  lay  it  down  without  finishing  it. 

The  first  part  of  the  description,  however,  has  a  sort  of 
strident  personal  tlavor,  which  may  have  somewhat  the  same 
effect  on  its  readers  that  those  people  have  who  take  the  lib- 
erty of  slapping  us  on  the  hack  or  punching  us  with  their 
sticks  or  umbrellas.  The  author  has  taken  liberties  with  the 
reader  which  are  not  entirely  agreeable.  He  begins  with  the 
imperious  command,  printed  in  caps,  "Take  that  pencil 
out  ok  your  pocket."  It  would  not  be  pleasant  to  have 
a  stranger  say  that  to  us,  nor  is  it  pleasant  to  read.  The 
first  person  singular  occurs  oftener,  too,  than  is  agree:  ble. 
Barring  these  slight  lapses  of  good  taste,  this  little  history  is 
very  pleasant  and  profitable  readiug.  It  is  well  illustrated 
with  excellent  wood  cuts  of  the  mines,  mills,  and  works  of 
the  Company,  a  portrait  of  its  founder,  various  kinds  of  pen- 
cils made  by  it,  and  finally  a  view  on  Crystal  River,  Fla., 
Showing  tin-  rafting  of  cedar  logs  to  the  Dixon  mill,  with  a 
fine  alligator  in  the  foreground,  who  evidently  is  not  happy 
because  be  is  not  provided  with  a  Dixon  pencil" 


I'm;  Share  in  Coast  Defense— Pari   //      Builders'  Iron 
Foundry,  Providence,  R.  I.     55  pp.,  0  X  '■•  in. 

In  the  brief  preface  to  this  pamphlet  the  publishers  say 
that,  "In  publishing  the  pamphlet  'Our  share  in  Coast  De- 
fense—Parti,' \\'  gave  in  popular  form  a  rather  brief  descrip- 
tion of  the  12  in.  Breech-Loading  Killed  Mortars  ami  Hie  meth- 
ods which  we  employ  in  their  manufacture.  We  now  supple- 
ment that  pamphlet  by  reprinting  extracts  from  Government 
Specifications  and  Inspectors'   Reports,  believing  thai   more 

Complete  descriptions,  exact  particulars,  and  minute  details 
will  interest  mechanical  engineers  and  others  who  follow  ad- 
vanced foundry  and  machine-shop  practice.'' 

The  frontispiece  is  a  half  lone  engraving,  showing  the  12  in. 

breech-loading  rifled  mortars,  which  was  published  in  The 
American  Engineer  of  last  September.    This  is  followed  by 

specifications  of  their  manufacture,  with  illustrations  of  the 
form  and  position  from  which  tesl  pieces  are  taken.  An  out- 
line engraving  aud  outside  dimensions  ami  another  sectional 
view  of  one  of  the  mortars  is  then  given,  with  specifications 
governing  the  finishing  and  assembling  thereof.  Other  in- 
terior views  in  the  foundry  arc  also  given,  with  an  outline 
view  of  an  old  style  13  in.  seacoast   mortar.     The  metal  which 


is  used  and  the  process  of  manufacture  is  described,  and  re- 
ports of  tests  of  ihe  materials  used  are  given.  A  description 
of  the  method  of  operating  the  breech  mechanism,  with  illus- 
trations of  it,  completes  the  work.  It  is  all  written  in  a  popu- 
lar way,  and  will  interest  all  who  are  concerned  in  the  subject 
which  it  discusses.  An  omission  to  be  noted  is  the  absence  of 
titles  to  most  of  the  engravings.  A  very  large  proportion  of 
the  people  into  whose  hands  any  l>ook  falls  never  go  further 
than  to  look  it  through.  To  such  proper  titles  to  engravings 
ari'  a  great  help. 


The  Consolidated  Car-Heating  Company,  of  Albany,  have 
sent  us  a  poem,  by  Haines  D.  Cunningham.  "  the  well-known 
newspaper  correspondent,"  with  the  title  "The  Car  heater 
and  the  Traveling  Public."  We  have  only  room  lor  the  fol- 
lowing lines,  which  are  submitted  as  a  sample  : 

"  And  in  daytime,  midst  his  dreaming, 
Sits  the  solitary  traveler 
Peering  through  his  frosted  window, 
I  Mil  upon  the  dreary  landscape 
Drifted  high  with  crystal  hillocks, 
sicklied  o'er  with  pale  solstitial 
Sunlight  of  the  cold  north  winter, 
While  his  feet  are  warm,  and  legs,  too. 
Dangling  limp  against  the  pipe-ways." 

The  last  line  of  our  quotation,  it  will  be  seen,  does  not 
"even  up"  quite  right.  The  following  amendment  is  there- 
fore suggested  : 

"  While  his  feet  are  warm,  and  legs,  too, 
His  corns  arc  aching  in  a  tight  shoe." 

Seriously,  we  think  the  Consolidated  Car- Heating  Company's 
system  of  heating  is  better  than  Mr.  Cunningham's  poetry, 
ami.  by  means  of  the  Sewall  Steam  Coupler,  the  lines  of  pipe 
on  the  cars  are  connected  together  more  satisfactorily  than 
some  of  the  lines  of  the  poetry  are.  Still,  there  are  some 
strokes  of  genius  in  Ihe  poem.  For  example,  the  following 
line  addressed  to  the  locomotive  : 

"  In  your  big,  black,  bulbous  boiler." 

In  a  paragraph  from  the  Manitoba  Fret  Press  the  Consoli- 
dated system  of  steam  heating,  which  has  been  adopted  on  the 
Canadian  Pacific  Railroad,  is  commended.  We  have  not  re- 
ceived any  newspaper  clippings  commending  the  poetry 
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SAVING   EFFECTED    BY    COMPOUND    LOCOMO- 
TIVES. 


Editor  of  the  American  Engineer  and  Railroad  Journal  : 
Apropos  of  a  recent  discussion  relative  to  the  merits  of  the 
compound  locomotive,  I  am  now  able,  fortunately,  to  give 
you  some  data  relative  to  the  action  of  a  compound  locomo- 
iireou  the  Chicago,  Burlington  &  Quincy  Railroad,  which, 
I  think,  will  be  of  interest. 

The  data  was  gathered,  not  to  determine  the  merits  of  the 
compound  locomotive,  but  because  the  general  officers  thought 
the  coal  record  for  a  certain  month  was  too  high  on  the  division 
on  which  the  compound  was  running,  so  that  the  report  con- 
tained the  fuel  record  of  the  compound.  The  fuel  usol  by 
each  engine  and  the  number  of  loaded  cars  hauled  was  looked 
up  for  each  engine.  The  results  are  stated  in  the  number  of 
pounds  of  coal  burned  in  hauling  one  loaded  car  1  mile.  The 
record  for  the  compound  was  3.27  lbs.  of  coal  per  loaded  car 
mile.  The  best  record  for  any  simple  engine  of  the  same  class 
was  3.85  lbs.;  for  the  poorest,  6.32  lbs.;  for  the  average  of 
40  engines,  including  the  compound,  4.61.  So  that  the  saving 
made  by  the  compound  was  as  follows  :  Over  the  best  record 
of  any  other  engine  in  the  same  class,  15  per  cent.;  over  the 
poorest  record  of  a  simple  engine,  52  per  cent. :  over  the  aver- 
age record  of  40  engines  of  the  same  class,  29  per  cent.  As 
the  compound  runs  in  the  pool  with  all  the  other  engine-  as 
the  record  covers  the  period  of  a  month,  and  is  almost  a  dupli- 
cate of  a  similar  record  made  when  the  engine  was  new.  it 
seems  to  me  there  is  no  escape  from  the  conclusion  that  this 
compound,  at  least,  is  saving  us  at  least  25  per  cent. 

C.  H.  QlEREAI. 

Engineer  of  Tests. 


MARINE    NOTES. 


Japanese  Torpedo-boats.  —  Seventeen  torpedo-boats  are 
now*  in  course  of  construction  at  the  navy  yard  at  Kobe, 
Japan. 

The  Chinese  Navy  Worthless. — R  is  stated  at  Shanghai, 
"on  excellent  authority,"  that  the  real  reason  why  none  of 
the  Chinese  squadron  went  to  Bangkok  was  that  it  was  found 
there  was  not  one  of  the  squadron  prepared  for  such  a  voyage 
without  refitting,  the  internal  condition  of  the  ironclads  and 
cruisers  of  Chinas  new  navy  being  very  imperfect.  —  /. 
Daily  2¥i  ■-. 

The  Loss  of  the  "  Kearsarge." — Theold  corvette  A 
of  the  United  States  Navy,  was  foundered  on  Roncador  on 
the  night  of  February  2.  She  is  one  of  the  two  vessels,  the 
Hartford  being  the  other,  which,  by  special  act  of  Congress, 
was  to  have  been  kept  in  commission.  Her  principal  victory, 
for  which  she  is  noted,  was  the  destruction  of  the  English- 
Confederate  cruiser  Alabama,  off  the  coast  of  France,  during 
our  late  Civil  War. 

A  Commerce  Destroyer. — Sir  E.  J.  Reed,  speaking  recently 
at  a  banquet  at  Cardiff,  said  that  "he  was  concerned  at  Ihe 
present  moment  in  the  construction  of  a  foreign  cruiser,  a  ves- 
sel without  any  armor  at  all,  and  without  any  pretension  to 
be  anything  but  a  very  fast  vessel  built  for  the  purpose  of 
causing  what  mischief  she  could  under  certain  conditions.  He 
had  no  hesitation  in  saying  that  every  one  of  the  guns  she 
carried  could  penetrate  the  unarmored  ends  of  10  of  the  British 
line-of  battleships,  which,  being  so  penetrated,  must  sink. 

The  Cruiser  "  Olympia.  — The  report  of  the  trial  board  on 
the  speed  of  the  new  cruiser  Olympia,  which  was  run  in  the 
Santa  Barbara  Channel  off  the  coast  of  California,  gives  the 
vessel  a  speed  of  21.686  knots,  which  means  a  premium  of 
$300,000  to  the  builders.  In  every  point  of  machinery,  speed, 
HP.,  and  coal  consumption  the  plans  and  specifications  have 
been  beaten.  The  required  pressure  test  was  100  lbs.,  that 
carried  was  166.53  ;  at  the  starboard  engines  steam-chest  the 
register  was  166.75  :  at  the  port  engines,  164.83. 

The  Cruiser  "  Montgomery." — The  trial  of  the  cruiser 
.V  •  . v.  which  was  held  off  New  London,  in  Long  Island 
Bound,  shows  that  the  vessel  developed  a  speed  of  19.056  knots. 


Her  contract  called  for  a  speed  of  17  knots,  and  this  will  mean 
a  bonus  of  $200,000  to  the  builders,  the  Government  paying 
'00  for  each  quarter  knot  in  excess  of  the  contract  speed. 
The  aveiage  revolution  of  the  port  engines  during  the  trial 
were  180.7.  and  of  the  starboard  engine  180.3;  the  average 
steam  pressure  160  lbs.  On  a  requirement  of  16,000,  the  main 
engine's  indicated  II. P.  was  as  follows:  Starboard,  H.P. 
3.001  :  tirst  LP.  3.097.3:  L.P.  3,198.5;  total,  8,297.6;  port, 
H.P.  1,903.2  ;  tirst  LP.  3.185.6  ;  L.P.  3,463.4  ;  total.  8,552.2  ; 
grand  total  for  main  engines.  16.849.8.  The  collective  H.P. 
of  the  main  and  auxiliary  engines  operated  during  the  trial 
amounted  to  17,313.08. 

It  will  take  from  seven  to  eight  months  to  put  the  finishing 
touches  on  the  Olpmpia  so  that  she  can  l>e  declared  in  com- 
mission. 

Life-Saving  Kites. — We  called  attention  in  our  issue  for 
September,  1893,  to  the  experiments  of  Professor  G.  Wood- 
bridge  Davis,  in  sending  a  life-line  ashore  from  the  Brenton 
Reef  lightship.  These  experiments  have  been  followed  up  by- 
others  at  Sandy  Hook,  which  were  equally  successful.  The 
kite  used  is  foldable  ;  the  slicks  are  of  light  ash  revolving  upon 
a  common  center  axle,  and  the  frame  is  covered  with  oiled 
muslin.  Instead  of  a  single  line  leading  from  the  face  of  the 
kite,  two  lines  are  employed,  one  from  either  side,  and  by 
checking  one  or  the  other  a*  trifle  after  the  kite  has  been  raised, 
it  may  be  directed  four  compass  points  or  45'  from  its  direct 
leeward  course,  so  that  it  may  be  landed  anywhere  within  an 
area  of  90'.  The  value  of  this  steering  property  may  be  ap- 
preciated when  it  is  explained  that  it  often  happens  that  the 
only  near  land  to  a  wrecked  vessel  is  not  directly  to  the  lee- 
ward, but  to  the  right  or  left  of  that  point.  The  principle  of 
the  steering  action  of  the  kite  is  based  upon  that  of  the  fore- 
and-aft  sail,  which  may  be  trimmed  to  a  certain  limit  without 
spilling  the  wind.  As  soon  as  the  kite  is  raised  and  the  guy- 
lines  adjusted  so  that  it  is  directed  aright,  these  are  secured  to 
a  wooden  float  or  buoy,  and  the  latter  is  thrown  overboard, 
having  to  it  a  light  but  strong  line  which  is  paid  out  as  Ihe 
kite  flies  to  the  land,  dragging  the  buoy  through  the  water. 
When  the  float  reaches  the  beach  the  life  saving  crew  detach 
it  and  bend  on  to  the  ship's  rope  the  regular  lines  and  blocks, 
which  the  wrecked  seamen  haul  out  to  their  vessel  and  make 
secure,  according  to  the  directions  found  painted  on  the  small 
wooden  tags  fastened  to  the  blocks.  The  crew  are  then 
brought  to  land  either  in  the  breeches-buoy  or  life-car  hauled 
out  to  them  bv  the  life-saving  crew. 


THE  BATTLESHIP  "TEXAS. 


The  battleship  Texas,  which  is  now  nearing  completion  at 
the  United  States  Navy  Yard,  at  Norfolk.  Va.,  will  be  one  of 
the  most  powerful  battleships  of  the  new  Navy.  It  is  a  twin- 
screw  vessel  of  the  belted  type,  built  after  the  designs  of  the 
Barrows  Ship  Building  Company.  It  has  a  belt  of  armor 
admidships  to  protect  the  vital  portions  of  the  ship,  as  well  as 
under- water  decks  from  the  ends  of  the  armor  to  the  extremi- 
ties of  the  vessel.  Her  dimensions  are  :  Length  between  per- 
pendiculars, 290  ft.;  extreme  breadth,  64  ft.  1  in.;  molded 
depth  to  upper  deck,  39  ft.  8  in.;  draft  of  water  forward,  22 
ft.;  draft  of  water  aft,  25  ft.  5  in.;  giving  a  mean  draft  of  22 
ft.  6  in.  The  displacement  when  brought  down  to  this  draft 
is  6,300  tons,  and  the  transverse  meta-center  of  gravity  is  cal- 
culated at  3  ft.  li  in.  The  longitudinal  meta-center  above  the 
center  of  gravity  is  estimated  at  237  ft.  When  being  loaded 
the  vessel  drops  1  in.  for  each  additional  30  tons,  and  the 
moment  required  to  change  the  trim  1  in.  in  1  ft.  is  432  tons. 

The  engines,  which  we  will  illustrate  in  a  later  issue,  were 
built  by  the  Richmond  Locomotive  Works,  at  Richmond,  Va., 
from  designs  approved  by  the  Navy  Department,  and  have  an 
indicated  H.P.  of  8,600.  As  the  vessel  is  intended  purely  as 
a  fighting  machine,  no  attempt  has  been  made  to  give  her  the 
excessive  speed  which  has  been  attained  by  the  cruisers  Colum- 
bia and  .V.  r  York;  therefore  her  maximum  speed  is  17  knots, 
and  she  will  be  given  a  complement  of  300  officers  anil  men. 

Referring  to  our  cross-sectional  engraving,  the  vertical  keel 
is  made  of  steel  20  lbs.  to  the  square  foot,  and  reduced  to 
1H  His  at  the  ends.  It  is  39  in.  deep  amidships,  with  double 
augles  at  the  tube  of  34  X  3  in.,  weighing  8  lbs.  to  the  foot. 
The  outer  flat  keel  weighs  25  lbs.  per  square  foot,  and  the 
inner  17*  lbs.  to  the  square  foot.  From  the  fourth  longitudinal 
to  the  armament  shelf,  the  outer  and  inner  augles  are  3i  X  3  in. 
with  a  plate  between  lightened  with  boles.  The  frames  l>oth 
before  and  abaft  the  armor  both  consist  of  Z  bars  6  X  3|  X  3 
in.,  weighing  15  lbs.  to  the  foot,  with  the  lower  ends  where 
they  come  down  on  the  armor  deck  secured  by  15-lb.  plates, 
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and  they  are  split  where  coming  down  to  the  keel  with  a  10-lb. 
floor  plate  riveted  in.  The  bottom  plating  is  Hi  lbs.  per 
square  foot,  and  runs  up  to  the  armor  deck  and  protective 
deck  ;  above  this  it  weighs  only  15  lbs.,  but  is  increased  to 
60  lbs.  in  the  wake  of  the  machine  guns.  The  inner  bottom 
is  10  lbs.  per  square  foot.  The  vessel  has  two  masts,  each 
with  military  tops.  The  vital  portions  of  the  vessel  are  pro- 
tected by  a  steel  armor  belt  12  in.  thick,  and  rising  2  ft.  above 
the  water  line,   and  extending  4i   ft.   below  it.     At  a  point 

-  in.  below  the  water-line  the  armor  belt  begins  to  narrow 
down  until  it  is  6  in.  thick  at  the  bottom,  or  44  ft.  below  the 
water  line.  This  armor  belt  protection  extends  over  the  en- 
gines, boilers,  and  magazines,  and  terminates  at  each  end  in  a 
steel  breastwork  6  in.  thick  extending  diagonally  across  the 
vessel.  The  backing  is  of  wood  6  in.  thick  at  the  top  and  ver- 
tical at  the  back,  so  that  at  the  bottom  it  is  12  in.  thick  widen- 
ing out  on  the  bevel,  which  has  already  been  referred  to  in 
the  armor.  Back  of  the  wood  packing  are  two  thicknesses  of 
25  lb.  plating.  The  shelf  plate  for  the  armor  weighs  25  lbs., 
and  back  of  this  plating  and  behind  the  packing  are  two  hori- 
zontal girders  formed  of  15  in.  plating  secured  to  the  plating 
behind  the  packing  by  34  X  3-in.  angles.  The  armored  pro- 
tective deck  is  worked  down  over  the  armor,  both  sloping 
slightly  down  from  the  ends  of  the  vessel  to  the  Ik>w  and  the 
stern.  This  deck  is  3  in.  thick  throughout.  The  lower  parts 
of  the  turret  and  the  machinery  for  working  the  guns  are  en- 
cased in  armored  redoubts  12  in.  thick  and  backed  by  6  in.  of 
wood.  These  turrets  are  plated  with  12  in.  armor.  "  There  is 
also  an  armored  conning  tower  12  in  thick  placed  forward  on 
a  level  with  the  bridge  with  an  armor  tube  leading  from  it 
3  in.  thick.  The  ammunition  masts  are  6  in.  thickness.  In 
our  next  issue  we  will  publish  a  detailed  description  of  the 
sections  of  this  turret,  with  the  hydraulic  operating  mechanism 
used  for  handling  it  and  the  guns,  which  was,  together  with 
the  engines  already  referred  to,  designed  and  built  at  the  shops 
of  the  Richmond  Locomotive  Works. 

The  armament  consists  of  a  main  battery  of  two  12-in.  guns 
in  turrets  and  six  6-in.  guns  protected  by  shields.  The  12  in. 
guns  will  be  mounted  in  turrets  placed  •  i<  echelon,  so  as  to 
give  a  fore-and-aft  tire.  These  turrets  are  further  encased  in 
the  diagonal  redoubt,  which  is  heavily  armored  and  extends 
diagonally  across  the  vessel  from  one  turret  to  the  other,  as 
shown  on  the  plan.  Each  turret  has  a  complete  broadside 
tire  on  one  side,  and  has  a  train  on  the  opposite  side  40°  for 
the  forward  gun  and  70°  for  the  aft.  A  6-in.  gun  is  placed 
forward  and  on  about  the  same  level  as  the  12-in.  gun,  each 
having  a  train  of  120  .  The  remaining  four  6-in.  guns  are 
mounted  in  sponsons  on  the  main  deck,  two  having  a  train 
directly  forward  to  25°  abaft  the  beam,  and  two  directly  aft. 
These  are  also  clearly  shown  on  the  plan  engraving.  On  the 
main  deck  the  secondary  battery  consists  of  four  6-pdrs.,  four 
3-pdrs.,  and  four  47  mm  revolving  cannon,  each  of  which  is 
protected  by  H  in.  steel  plating.  Two  Catling  guns  and  two 
37  mm.  revolving  cannon  are  located  on  the  bridge  deck,  and 
two  1-pdrs.  are  placed  on  the  filing  bridge.  Two  Gatling  guns 
with  47  mm  revolving  cannon  are  to  be  fought  from  the  mili- 
tary mast  tops  to  repel  boarders  and  torpedo-boat  attacks. 
Two  37  mm.  rapid  tire  guns  are  fitted  in  the  steam  cutters. 
The  magazine  for  the  main  battery  is  placed  in  the  center  of 
the  vessel  below  the  protective  deck.  The  ammunition  for 
the  secondary  battery  is  stowed  in  magazines  located  forward 
and  aft,  the  ammunition  being  passed  up  to  the  main  deck 
through  an  armor  tube  3  in.  thick.  Torpedoes  can  be 
projected  through  six  tubs,  one  through  the  bow,  one 
through  the  stern,  two  through  the  side  aft  above  water,  and 
two  through  the  side  forward  below  water. 

In  reference  to  the  motive  pjwer,  as  we  intend  publishing 
in  a  later  issue  detailed  drawings  of  the  engines,  we  will  sim- 
ply state  here  that  it  consists  of  two  triple-expansion  engines 
placed  in  separate  watertight  compartments.  The  water 
tight  compartments  here  run  longitudinallv  through  the  length 
of  the  boiler  and  engine  space,  or  equivalent  to  the  length  of 
the  armor  plate.  Aft  and  forward  of  these  points  the  vessel 
is  divided  by  transverse  bulkheads  only,  the  longitudinal 
bulkheads  stopping  at  this  point.  The  cylinders  and  engines 
are  36,  51,  and  78  in.  in  diameter,  with  a  stroke  of  39  in. 
There  are  four  double-ended  boilers  14  ft.  diameter  >;  17  ft. 
long,  the  steam  pressure  being  150  lbs.  The  grate-area  is 
504~sq.  ft.  As  tin-  engines  are  to  be  run  at  all  times  under  an 
air  pressure,  the  maximum  of  which  is  2  in.  of  water,  the  indi- 
cated H.P.  will  be  8.600.  Five  hundred  tons  of  coal  can  be 
stowed,  and  this  is  calculated  to  give  an  endurance  at  a  Bpeed 
of  17  knots  of  1.1  ID  nautical  miles  ;  at  15  knots,  an  endurance 
of  2.050  ;  and  at  12  knots  will  be  3.170  nautical  miles.  With 
a  coal  supply  of  850  tons  the  endurance  is,  for  a  speed  of 
16£  knots.  2,180  miles  ;  at  14.75  knots.  3,900  miles  ;  11.8  knots, 
6,000  miles. 


The  vessel  is  to  be  fitted  as  a  flag  ship.  Directly  aft  on  the 
gun  deck  there  will  be  a  private  cabin  for  the  admiral,  and 
forward  of  this  will  be  his  dining-room  and  sleeping-cabin. 
Next  will  be  the  admiral's  bath,  closet,  and  pantry.  Forward 
of  these  there  an-  similar  accommodations  for  the  captain. 
Forward  of  this,  extending  across  the  vessel,  is  an  open  space 
with  two  passages  leading  forward  from  it.  These  passages 
enclose  the  ward  room,  and  the  state-rooms  open  into  them 
from  the  sides.  There  are  nine  state-rooms  opening  into  these 
passages.  Beyond  the  ward-room  bulkhead  there  is  a  large 
open  space  which  can  be  used  by  the  steerage  officers.  The 
crew  aie  berthed  forward  on  the  gun  and  berth  decks. 

At  a  recent  visit  to  the  vissel  she  was  lying  tied  to  the  wharf 
at  Norfolk,  with  her  machinery  in  position.  Nearly  every- 
thing in  connection  with  the  engineering  department  is  already 
located,  and  the  delay  now  is  waiting  for  the  armor.  It  is 
expected  that  this  will  be  delivered  early  this  month  and  that 
it  will  be  in  position,  so  that  the  sta  trials  can  take  place  in 
June.  The  armor  is  being  manufactured  by  the  Bethlehem 
Iron  Works,  at  South  Bethlehem,  Pa. 


MEETING   OF    MEMBERS    OF    THE    AMERICAN 
SOCIETY  OF  MECHANICAL  ENGINEERS. 


The  second  meeting  of  members  of  this  Society,  for  the  dis- 
cussion of  technical  subiects,  was  held  in  the  hall  of  the  So- 
ciety, at  Xo.  12  West  Thirty-first  Street,  on  Wednesday  even- 
in:;.  February  14.  The  subject  which  was  discussed  at  the 
January  meeting — "  The  Development  of  Stationary  En- 
gines, as  illustrated  by  those  exhibited  at  the  Columbian  Ex- 
hibition in  Chicago" — was  continued  at  the  last  one.  Profes- 
sor John  E.  Sweet,  of  Syracuse,  X.  Y.,  read  the  opening  ad- 
dress, to  which  he  gave  the  title 

PRINTING, 

probably  !>ecause  it  was  intended  as  a  stimulus  to  the  members 
in  attendance  to  shoot  their  guns  off  in  the  subsequent  dis- 
cussion.    Professor  Sweet  said  : 

Mr.  Chairman  and  1'  1 

If  I  rightly  caliper  the  aim  the  promoters  of  this  monthly 
meeting  scheme  had  in'view  in  selecting  some  one  member  to 
open  the  discussion,  it  was  with  a  view-  of  having  that  indi- 
vidual discuss  something  of  interest.  oi»say  something  that 
shall  inspire  others  to  discuss  it  :  and  the  object  of  the  discus- 
sion is  for  the  exchange  of  thought,  the  advancement  of  our 
engineering  knowledge  and  practice,  or  the  heralding  of  our 
mechanical  achievements  as  a  sort  of  mutual  admiration  so- 
ciety in  disguise. 

From  all  that  was  said  about  the  modern  steam-engine  at 
the  previous  meeting,  there  is  but  little  left  of  interest  for  me 
to  say,  and  my  only  hope  lies  in  saying  something  that  will 
strike  flashes  of  inspiration  from  others.  There  are  two  ways 
to  promote  discussion  :  one  to  say  something  the  listeners  like 
to  hear,  whereat  many  are  ready  to  add  their  hearty  endorse- 
ment, and  the  other  to  say  what  they  do  not  like  to  hear, 
which  will  bring  up  as  many  to  refute  the  assertions. 

Assuming  that  you  will  all  agree  that  the  latter  plan  is  likely 
to  make  things  more  lively,  your  committee  may  well  con- 
gratulate themselves  in  having  selected  for  this  purpose  one 
whose  proverbial  modesty  entitles  him  to  the  privilege  of 
ridiculing  the  past,  finding  fault  with  the  present,  and  criti- 
cising the  future  ;  besides  abusing  the  fraternity  in  general. 

In  considering  the  present,  let  us  review  the  past  ;  and  trust- 
ing you  wi  1  allow  me.  I  will  go  back  to  the  first  step  in  the 
stairway  of  my  interest  in  steam  engineering,  the  Exhibition 
of  the  Royal  Agricultural  Society,  at  Battersey  Park,  in  Lon- 
don, 1862,  or  31  years  before  the  Columbian  Exhibition  at 
Chicago. 

I  remembered  that  there  was  a  lot  of  portable  engines  there, 
and  so  turned  back  to  some  printed  letters  written  home  at 
that  time,  and  tinil  this  paragraph:  "But  one  still  greater 
feature  than  all  was  the  almost  incredible  number  of  portable 
steam-engines — 83  different  ones — all  with  steam  up  and  going 
at  the  same  time  and  driving  threshing  machines,  straw  cut- 
ters, grist-mills,  tile  and  brick  machines,  etc.  Six  or  seven 
were  traction  engines." 

To  this  I  might  add  something  about  steam  plowing,  which 
was  then  and  still  is  successfully  practised  in  England,  and 
the  steam  road  rollers,  which  were  common  :  but  I  do  not  call 
up  this  subject  to  show  how  we  outstrip  all  other  nations  (in 
following  in  their  foot-steps),  but  to  call  attention  to  this  branch 
of  steam  engineering  (which  has  not  been  thus  far  considered) 
and  to  describe  one  of  the  many  things  I  saw  at  Chicago  which 
excited  my  liveliest  admiration. 
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A  traction  engine  of  not  the  largest  size,  built  somewhere  in 
Ohio,  well  invented,  not  very  well  designed,  frivolous  in  some 
of  its  details,  and  deplorable  in  workmanship,  was  harnessed 
to  a  5- ton  load  of  pig  iron  piled  on  a  stone  boat.  The  engine 
hauled  that  around  over  the  dry  ground  with  as  much  indiffer- 
ence as  if  it  had  been  so  many  pigs  of  pork.  It  went  down 
into  the  canal,  wallowed  around  like  a  sea-lion,  and  out  up  a 
bank  where  one  would  not  expect  to  see  a  team  draw  up  a 
wagon.  It  was  driven  up  to  a  railroad  track  where  the  ties 
had  been  blocked  up  until  the  top  of  the  rails  were  3  ft.  above 
the  level.  The  engine  mounted  this  obstruction  diagonally, 
first  one  forward. wheel,  then  the  other;  then  alternately  the 
back  wheels  in  like  manner,  running  along  over  the  ties  and 
turning  off  diagonally  as  it  had  mounted — in  fact,  performing 
the  feat  precisely  as  an  elephant  would  have  done,  and  with 
like  ease  and  indifference. 

I  was  so  astounded  at  this  exhibition,  so  elated  to  see  the 
justifiable  pride  shine  out  of  the  builder's  countenance,  that 
I  did  not  stop  to  consider  then,  as  I  hesitate  to  question  now, 
whether  it  would  not  have  been  better  to  build  the  engine  with 
less  of  the  spirit  of  a  gymnast  and  more  in  line  of  durability 
in  its  legitimate  work.  Allowing  the  thing  to  be  worth  doing, 
the  man  who  did  it  is  never  likely  to  receive  half  the  credit  he 
deserves.  When  the  means  are  compared  with  the  end,  the 
builders  of  stationary  engines  and  locomotives  may  take  off 
their  hats  to  the  builders  of  traction  engines,  and  call  them 
brothers. 

As  the  Cornish  pumping  engine  set  the  pace  in  steam  econ- 
omy for  half  a  century,  so  the  Cardiff  trial  of  portable  engines 
20  years  ago  set  the  mark  so  high  that  small  engines  of  no 
kind  have  as  yet  in  this  country  approached  it.  Compound 
portables  have  long  been  common  in  England,  though  they 
have  not  yet  appeared  here. 

To  go  back  to  the  same  year  1862,  the  year  of  the  second 
Loudon  Exhibition,  my  memory  does  not  even  picture  the 
steam-engine  exhibit,  but  I  remember  Mr.  Porter  exhibited  a 
rapid-running  engine,  and  patented,  introduced  and  promoted 
the  manufacture  of  the  Richards  indicator. 

The  next  step  on  the  exhibition  ladder  was  the  Paris  Expo- 
sition of  1867.  At  that  exhibition  two  engines  of  mark  beyond 
all  others  set  their  hands  upon  the  industrial  world,  and  have 
held  them  there  for  a  generation — the  Corliss  engine  from  the 
parent  works  at  Providence,  and  the  Porter-Allen,  built  by 
Whitworth.  While  the  Porter-Allen  was  admired  and  the 
makers'  name  demanded  respect,  it  was  too  novel,  untried,  or 
for  some  reason  did  not  take  root  in  Europe.  The  Corliss  en- 
gine, new  to  the  Continent,  was  admired  for  its  silver  jacket, 
polished  bonnets  and  general  trousseau,  ridiculed  for  its  com- 
plexity, but  understood  by  the  leading  engineers  of  Europe. 
Although  Mr.  Corliss  had  no  Continental  patents,  it  was  taken 
up  by  three  or  four  of  the  leading  manufacturers,  and  royalties 
paid  the  same  as  if  he  had  held  patents — honorable  deeds  cer- 
tainly ;  and  if  they  have  been  reciprocated  in  like  manner  to 
the  least  extent,  the  fact  is  not  generally  known.  In  plain 
English,  if  any  American  has  paid  a  foreigner  royalty  on  an 
unpatented  invention,  some  of  his  friends  should  make  it 
known. 

While  the  natural  sons  of  neither  of  these  engines  (the  Cor- 
liss and  the  Porter- Allen)  were  shown  at  Chicago,  what  Chordal 
designated  the  Hyphen-Corliss  and  what  may  be  styled  the 
Fitzporter  engines  were  too  numerous  to  escape  attention — in 
fact,  they  constituted  the  bulk  of  that  wonderful  collection  in 
Machinery  Hall.  It  may  be  true,  and  likely  is,  that  there 
were  high-speed  engines  built  before  the  Porter-Allen  engine, 
but  it  is  one  that  still  lives,  and  I  fancy  one  that  has  suffered 
least  by  changes  and  modifications,  certainly  least  of  any  in 
looks  ;  it  is  the  respected  parent  of  a  numerous  group  of  sons 
and  daughters-in-law  that  I  shall  speak  of  later. 

Mounting  the  third  step  of  our  experience,  the  Centennial. 
While  compound  engines  were  quite  common  in  Europe  and 
on  the  sea,  and  Adamson  had,  I  think,  built  his  quadruple, 
none  were  shown  at  Philadelphia — in  fact,  our  own  engineers 
did  not  believe  in  them.  Although  the  single-cylinder  engine 
has  been  transformed  into  many  shapes,  it  had  then  reached  a 
pretty  high  state  of  completeness  ;  the  Buckeye,  the  only  en- 
gine shown  at  both  Chicago  and  Philadelphia,  and  the  Corliss 
had  reached  the  forms  they  followed  for  many  years.  The 
Corliss  centerpiece,  with  its  two  single  cylinders,  walking-beam 
and  80-ft.  gear,  was  one  of  the  grandest  steam-engine  mon- 
uments in  its  impressiveness  ever  erected  ;  but  judged  in 
the  light  of  the  present  practice  showed  (as  Mr.  Porter  pointed 
out  at  the  time)  just  how  not  to  do  it.  In  explanation  of  this 
statement,  it  may  be  well  to  give  the  substance  of  a  friendly  crit- 
icism of  the  great  Corliss  triumph,  held  under  its  own  shadow. 
It  was,  as  you  all  remember,  a  beam-engine  witli  two  40-in. 
cylinders,  10  ft.  stroke,  two  walking-beams  coupled  to  the  two 
cranks  of  a  shaft  carrying  a  30-ft.  gear  working  into  a  pinion 


some  12  ft.  in  diameter,  the  engine  making  from  35  to  38  turns, 
and  the  second  shaft  about  90.  By  what  process  of  reasoning 
our  conclusions  were  arrived  at  I  do  not  now  remember,  but 
it  was  agreed  that  two  40-in.  cylinders  at  4  ft  stroke  directly 
connected  to  the  second  shaft  and  run  at  the  same  piston  speed 
wotdd  accomplish  the  result  at  an  immensely  less  expense. 
The  whole  Chicago  display  shows  that  is  what  would  now  be 
done  ;  and  while  Mr.  Hemenway  allows  there  has  been  a  gain 
in  pumping  engines  of  only  20  to  25  per  cent.,  I  am  sure  the 
Allis  Chicago  engine  will  harvest  2  H.P.  from  the  sowing  of 
the  same  amount  of  coal  that  it  would  take  to  get  one  from 
the  Corliss  Centennial  ;  which,  as  it  was  specially  suited  to 
compounding,  and  yet  was  not  compound,  shows  that  Mr. 
Corliss  at  that  time  had  not  been  convinced  that  there  was 
enough  advantage  to  go  to  that  slight  additional  expense. 

I  am  well  aware  that  ;t  is  almost  sacrilegious  to  criticise  the 
design  of  that  wonderful  Centennial  monument,  but  shall  do 
so  in  the  belief  that  the  very  audacity  of  the  thing  will  em- 
phasize the  point  I  wish  to  make.  The  design  was  in  two  dis- 
tinct styles  intermingled,  just  the  wrong  thing  to  do  as  well 
in  machinery  as  in  building.  The  framing  was  of  the  most 
severe  straight  lines,  almost  seeming  to  be  simply  a  reproduc- 
tion in  iron  of  its  wood  prototype,  while  the  beams  were  in 
graceful  curves  and  the  lever-arms  of  the  valve  motions  not 
curves,  but  crooked  and  freely  graceful.  Milan  Cathedral 
and  the  Corliss  engine  are  noble  examples  of  mixed  architec- 
ture, but  noble  in  spite  of  the  mixture  and  not  because  of  it. 

When  one  sets  himself  the  task  of  looking  into  this  feature 
of  machine  design,  he  will  find  in  it  one  of  the  explanations  of 
why  things  do  not  look  right.  There  is  an  engine  of  recent 
production  where  the  arms  of  the  wheels  are  elliptical,  a  con- 
spicuous lever  I-section,  rocker-arms  round,  cylinder-head  one 
style  and  steam-chest  covers  another,  and  yet  there  seems  no 
apparent  reason  why,  if  the  machine  was  consistently  designed, 
it  would  not  accomplish  the  work  just  as  well  as  it  does 
now.  I  am  well  aware  of  the  danger  one  encounters  in  criti- 
cising designs,  and  to  simply  sajr  one  looks  well  and  another 
not,  without  giving  the  reason,  is  setting  one  man's  opinion 
against  another ;  but  certainly  there  is  such  a  thing  as  con- 
sistency, which  plainly  is  subject  to  demonstration. 

Builders  of  the  modern  improved  Jones,  Smith  &  Brown 
Corliss  engines  found  themselves  confronted  by  this  condition. 
Steam  pressure  had  gone  from  60  to  120  lbs.,  and  something 
had  to  be  done  to  meet  the  new  conditions.  Three  methods 
were  open  to  them  :  put  in  more  iron,  put  it  in  a  better  form, 
or  make  more  attachments  to  the  foundation.  As  is  usual 
with  improvers,  the  most  of  them  take  the  wrong  road.  Hicks  & 
Hargraves,  of  Bolton,  England,  adopted  the  right  plan  on  the 
start,  by  making  the  frame  a  complete  box.  The  only  Hyphen 
Corliss  engine  exhibited  at  Paris  in  1867  was  of  this  make  and 
this  form.  At  Chicago  two  of  the  Corliss  type  claimed  to  be 
box  section,  but  the  builders  spent  some  money  to  spoil  them 
by  cutting  ornamental  holes  through  their  vital  parts. 

A  round  column  (not  more  than  24  diameters  in  length)  can- 
not be  improved,  except  by  putting  more  metal  in  it.  In  any 
other  form  it  can  be  by  making  it  round.  A  round  tube  is 
not  a  suitable  form  for  an  engine  bed,  a  rectangular  one  is, 
and  is  nearly  as  stiong  as  a  round  one.  Aside  from  the  push 
and  pull,  the  strain  on  a  Corliss  bed  is  a  torsional  one.  A 
rectangular  box  will  resist  this  strain  about  16  times  better 
than  an  I-beam  of  the  same  cross  section.  Against  a  push-and- 
pull  strain  a  crooked  element  is  a  weak  one.  If  it  must  be 
crooked,  a  box  section  is  best  able  to  resist  it ;  but  why  crooked? 
There  is  plenty  of  room  around  a  Corliss  engine  to  make  a  bed 
straight  and  have  it  right,  aud  when  it  is  right  it  will  look 
right,  provided  the  designer  has  the  ability  and  the  observer 
the  right  training.  This  in  no  way  means  that  everything 
should  be  straight,  for  as  often,  perhaps  more  often,  the  thing 
to  be  right  has  to  be  the  furthest  possible  from  that,  and  the 
one  who  makes  the  thing  straight  that  should  be  crooked 
makes  a  worse  blunder  than  the  other. 

As  mentioned  before,  if  there  are  two  roads  for  an  imitator 
to  take  to  improve  an  original  design,  he  will  take  the  wrong 
one  ;  so,  too,  if  there  is  any  one  feature  that  is  bad  or  less 
meritorious  than  another,  he  is  sure  to  stick  to  that  with  a  per- 
sistency worthy  of  the  best,  and  mutilate  the  subtle  beauties 
he  cannot  appreciate  ;  aud  this  confirms  me  in  the  notion  I  have 
always  entertained,  that  the  overhanging  cylinder  of  the  Porter- 
Allen  engine  is  not  right. 

Of  the  dozen  or  two  of  engine  builders,  both  those  who 
allow  that  their  engine  beds  are  of  the  Porter-Allen  type,  and 
those  who  build  the  same  thing  without  the  allowance,  adhere 
persistently  to  the  overhanging  cylinder,  and  remodel  the 
graceful  contour  of  the  bed  (which  has  never  been  equalled) 
with  a  freedom  wonderful  to  behold. 

They  not  only  hang  to  the  overhanging  cylinder,  but  hang 
on  another  one,  in  looking  at  which  I  can  only  think  of  au 
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old  man  turning  his  back  to  the  job,  catching  his  boy  and 
holding  him  out  at  arm's  length,  and  the  two  working  away 
with  the  old  man's  posterior  as  the  business  end  of  the  com- 
bination. Some  of  them,  fearing  the  boy  will  get  tired,  put  a 
crutch  under  his  back. 

In  the  most  recent  developments  of  the  man-and-boy  scheme, 
as  it  appears  to  me,  the  old  man  sits  down  on  the  foundation 
and  takes  the  boy  in  his  lap  ;  each,  however,  true  to  his  asso- 
ciation, holds  to  the  overhanging  cylinder: 

I  do  not  underestimate  the  animosity  I  am  likely  to  excite 
by  criticising  designs,  and  offer  the  following  in  justification — 
not  in  justification  as  to  the  right  and  wrong  of  my  opinions, 
but  in  justification  of  doing  the  thing  at  all.  We  all  of  us 
talk  about  each  other's  plans,  whether  cross,  compound,  tan- 
dem, quarter  cut-off,  clearance,  horizontal,  upright.  Corliss, 
Willans.  Sulzer,  triple  expansion,  or  valve-gear  and  all  the 
rest  of  it,  without  any  feeling  in  the  matter  whatever,  and 
steam  engineering  lias  been  immensely  benefited  by  it. 

Artists,  the  most  jealous  of  all  people  excepting  musicians, 
criticise  each  other's  work  and  submit  to  the  irrevocable  de- 
cision of  a  hanging  committee,  and  how  are  we  to  improve 
our  designs  better  than  to  submit  to  the  condemnation  of  our 
bad  work  by  others  aud  applaud  the  good  in  theirs?  It  seems 
as  if  the  question  of  whether  cabinet  work  is  an  appropriate 
adjunct  to  a  steam-engine  or  not  could  have  but  one  answer, 
and  still  it  goes  on.  and  I  really  suppose  it  looks  nice  to  most 
people  when  new  and  horrid  to  everybody  ever  after. 

It  would  seem,  after  the  example  set  by  the  Keynolds-Corliss, 
the  Buckeye,  and  the  German  engines  at  Chicago,  that  we 
would  soon  see  the  last  of  it,  and  this  leads  meto  the  final 
step,  the  Columbian  Exposition. 

Through  the  kindness  of  the  various  builders  I  have  been 
able  to  get  a  pretty  accurate  statement  of  the  number,  size, 
kind  and  power  of  the  various  engines  of  about  from  100  H.P. 
and  upward.  The  list  does  not  comprise  the  small  engines, 
of  which,  perhaps,  there  was  150  H.P.  all  told,  nor  does  it  in- 
clude pumping,  air-compressing,  gas-engines,  portable  or  semi- 
portable,  of  which  no  guess  even  has  been  made. 
"2,  There  were  20  single-cylinder  engines  aggregating  4,820 
H.P.,  47  cjmpound  engines  aggregating  24,930  II  P.,  5  triple- 
expansion  engines  aggregating  3,925  it. P.,  and  1  quadruple 
engine  of  3,000  II. PT,  making  in  all  82  engines  of  a  total  of 
36.|>75  H.P.,  exceeding  the  Campania  by  7^000  H.P.,  making 
it  likely  the  greatest  aggregation  of  steam  power  ever  assem- 
bled in  so  small  a  space. 

Comparing  the  work  of  the  present  with  that  of  17  years 
ago,  the  Centennial  with  the  Columbian,  Chicago  with  Phila- 
delphia, so  far  as  the  use  of  the  steam-engine  is  considered,  it 
is  a  change  from  single-cylinder  to  compound,  triple,  and 
quadruple-expansion,  and  the  generation  and  development  of 
the  single  balance  valve,  shaft  governor,  high-speed  engine. 
But  so  far  as  the  production  of  steam  from  tile  combustion  of 
coal,  the  best  of  to-day  is  but  little  better  if  any  than  the  best 
of  1876.  nor  is  the  average  to  any  great  extent  better  than 
then.  Boilers  have  been  improved,  so  that  higher  pressures 
are  as  safe  to-day  as  the  lower  pressures,  were  before,  and  as 
more  power  is  obtainable  from  high  pressures  than  from  low. 
to  this  extent  has  the  modern  boiler  contributed  its  share  to 
the  improved  economy.  Water-tube  boilers  were  wholly  em- 
ployed at  Chicago,  but  that  is  no  gauge  as  to  what  is  the  prac- 
tice of  the  country,  and  only  indicates  the  tendency  which 
points  as  much  toward  higher  pressures  as  it  does  toward  the 
water-lube  varieties,  and  the  water  tube  is  gaining  because  of 
its  ability  to  carry  the  high  pressures, 
;.\u  incredible  amount  of  work  has  been  expended  on  boiler 
and  engine-room  auxiliaries,  some  of  unquestionable  and  much 
of  questionable  merit.  Nothing  has  come  to  supersede  the 
Worthington  duplex  steam  pump,  as  its  many  copies  confirm, 
wasteful  as  it  is  said  to  be  in  steam  economy,  and  the  various 
forms  of  steam  injectors  are  mostly  modifications  of  the  orig- 
inal, and  they  hold  about  the  same  relation  to  the  steam  pump 
as  they  have  for  years.  There  are  many  new  and  many  modi- 
fications of  both  single-acting  and  duplex  pumps,  and  many 
modifications  of  the  injector,  mostly  double,  using  the  prin- 
ciple of  the  inspirator  ;  but  the  main  improvements  have  been 
in  the  simplifying  of  the  number  of  bandies  to  be  operated, 
and  in  the  devices  that  make  the  injector  self  starting.  Econ- 
omy in  the  use  of  steam,  either  in  the  steam  pump  or" injector, 
-  not  appear  to  have  made  much  headway.  At  least,  the 
more  economical  have  not  swept  the  old  aside  to  such  an  ex- 
tent as  the  automatic  engine  has  superseded  the  slide-valve 
throttling  sort. 

Boiler  feed-heaters  have  taken  on  new  forms,  with  likely 
constructive  and  possibly  with  operative  advantages,  but  with 
little  strikingly  new  in  principle,  otherwise  than  where  heaters 
and  filters  are  so  combined  as  to  better  rid  the  feed-water  of 
its  impurities  before  entering  the  boilers.     Treating  the  water 


with  chemicals  and  filtering  is  probably  the  most  recent  and 
advanced  change  that  has  been  made. 

Various  new  boiler  compounds  have  been  compounded,  but 
what  advance  if  any  has  been  made  is  in  a  wider  understand- 
ing, that  the  remedy  must  fit  the  disease.  Just  so  far  as  com- 
pounds or  filters  prevent  incrustation  or  contribute  to  keeping 
the  boilers  clean,  just  so  much  they  have  contributed  to  econ- 
omy, and  if  all  fixtures  are  credited  with  the  saving  claimed, 
they  far  more  than  make  up  for  the  increased  boiler  efficiency  ; 
so  that  boiler-makers  may  be  falling  back  rather  than  pro- 
gressing in  the  economy  of  steam  production,  though  that  is 
not  likely. 

Automatic  damper  regulators,  high  and  low-water  alarms, 
sediment  pans,  automatic  boiler  feeders,  improved  grate-bars, 
mechanical  stokers,  various  steam  aud  oil  separators,  and  the 
steam  loop  have  been  studied  over,  changed,  improved,  per- 
fected, or  invented  and  applied  during  recent  years  ;  and 
these,  too,  in  their  way  have  contributed  to  steam  economy, 
but  in  none  has  the  change  been  more  marked  or  results  so 
advantageous  as  in  the  engines  themselves. 

Considering  the  engine  exhibits  at  Chicago  in  the  order  of 
their  magnitude,  the  7,700  H.P.  of  YVestinghouse,  Church, 
Kerr  &  Co.  was  so  far  beyond  anything  ever  before  shown  by 
one  exhibitor  as  to  set  aside  comparison.  Their  standard  aud 
compound  engines,  which  have  been  on  the  market  for  a  dec- 
ade, call  for  no  comment  except  that  inspired  by  the  wonder- 
ful growth  of  the  industry.  To  install  an  experimental  engine 
at  an  exhibition  is  a  very  risky  thing  to  do  ;  to  install  six  ex- 
perimental 1,000  H.P.  engines  of  entirely  new  design,  embrac- 
ing untried  mechanical  devices,  was  a  courageous  one,  and  one 
that  entitles  the  Company  to  as  liberal  consideration  as  the  re- 
sult requires  to  make  the  account  stand  on  the  creditable  side. 
The  new  feature  of  air-spring  to  balance  the  weight  of  valve 
mechanism  and  at  the  same  time  to  serve  as  starting-bar  was 
as  good  a  scheme  as  the  many  other  good  schemes  shown 
by  other  builders. 

The  3,000  quadruple  Allis  was  too  large  for  my  comprehen- 
sion, and  I  only  raise  the  question  whether,  the  addition  of  the 
new  feature  to  prolong  the  cut-off,  and  thus  increase  the  range 
of  power,  is  the  best  way  to  accomplish  the  result. 

The  Willans  experiments  tend  to  show,  so  far  as  an  experi- 
ment with  his  style  and  that  size  engine  can  determine,  that  the 
superiority  of  automatic  cutoff  over  throttling  is  less  conspicu- 
ous on  a  compound  than  a  single  cylinder,  and  shows  that 
there  is  very  little  or  no  economy  at  all  in  a  triple-expansion. 
If  this  applies  to  all  multiple-cylinder  engines,  then  it  may  be 
possible  that  it  is  the  best  plan  to  reduce  the  valve-motion  to  the 
simple  elements  and  govern  by  a  throttling  governor.  If  this 
will  hold  good  in  the  case  of  the  Allis  engine,  of  course  the  same 
points  come  up  in  the  Buckeye.  Frazer  &  Chalmers,  and 
others  showing  novel  motions  whose  aim  is  in  the  same  direc- 
tion. 

There  is  a  more  or  less  tendency  to  mix  the  shaft  governor 
and  Corliss  valve,  as  shown  by  three  or  four  different  exam- 
ples, the  aim  being  to  retain  the  good  points  of  the  Corliss 
valve  and  be  able  to  run  at  higher  speed.  A  promising 
scheme. 

One  word  about  the  Bates  drop  motion.  If  it  is  as  good  as 
the  detachable  arrangement,  then  they  can  pride  themselves 
on  having  something  of  their  own  :  and  while  it  does  not  place 
them  above  the  first  step  on  the  Corliss  monument,  it  puts 
them  one  step  above  those  who  only  follow  the  original.  I 
cannot  follow  out  the  list,  noting  every  improvement  each 
engine  builder  claimed  ;  many  good,  perhaps  one  as  good  as 
another,  and  all  worthy  of  a  inure  extended  notice  than  I  am 
able  to  give  them. 

Among  the  marked  novelties  in  engines — I  mean  a  complete 
engine — that  by  Lavals,  of  Sweden,  was  one  of  the  most  con- 
spicuous. Being  myself  the  grand-nephew  of  a  rotary  engine, 
and  this  being  a  rotary  engine,  I  speak  as  a  relative,  and  ven- 
ture to  predict  that,  notwithstanding  the  10,000  American 
patented  rotary  engines,  this  little  Swedish  bumble-bee  of  a 
thing  is  nearer  seeing  the  daylight  of  success  than  any  other 
before  exhibited.  While  it  employs  the  principle  of  a  Pelton 
water-wheel,  it  possesses  just  those  additional  elements  not  in 
the  Pelton  wheel  that  make  it  a  promising  advance. 

The  Willans  engine,  while  nearly  as  old  as  many  well  known 
American  engines,  is  new  to  us  and  remarkable  in  many  re- 
spects, but  particularly  for  its  economy  in  spite  of  what  we 
have  supposed  to  be  detrimental  features — throttling,  single- 
acting,  mechanically  fitted  valves,  and  high  speed.  But  these 
defects,  whether  imaginary  or  real,  are  overcome  or  neutral- 
ized, and  other  advantages  come  in  naturally,  so  that,  while  at 
first  sight  the  claims  for  its  economy  are  questioned,  there  is  a 
lot  of  genuine  steam  engineering  in  it.  Besides  the  low  clear- 
ance, free  escape  for  water,  and  no  loss  from  compression,  the 
main  thing  lies,  I  believe,  in  the  fact  that  the  steam  end  of 
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neither  cylinder  is  ever  ia  communication  with  the  one  of 
loner  pressure  or  with  the  condenser.  I  spoke  of  the  enor- 
mous growth  of  the  Westinghouse  ;  that  of  the  Willans  has 
been  phenomenal — 20,000  H.P.  last  year.  We  are  prone  to 
joke  over  the  slow,  conservative  English  ;  but  perhaps  they 
know  a  good  thing  when  they  see  it.  after  all. 

For  great  power  in  small  space,  the  claim  we  make  for  our 
high-speed  engines,  it  seems  to  me  about  an  even  send  off 
between  the  Westinghouse,  Willans,  and  that  crowning  fea- 
ture of  the  engine  dFsplay.  the  triple-expansion  1,200  H.P.  in 
the  German  exhibit.  Personally  I  have  not  much  to  say 
about  this  engine,  though  I  went  by  it  several  times  a  day  for 
three  months.  It  was  never  my  good  fortune  to  be  there 
when  they  were  makiug  repairs,  and  so  I  could  see  no  more 
than  other  visitors.  Another  engine  of  like  power  and  occu- 
pying much  more  space  and  far  more  pretentious  seemed  to 
be  in  a  chronic  state  of  repair  mostly. 

Of  all  that  was  said  at  the  previous  meeting,  nothing  pleased 
me  more  than  Mr.  iiolloway's  remarks  about  the  Creusot  en- 
gine. It  was  not  only  by  far  the  best  piece  of  machine  work 
I  ever  saw.  but  up  to  tile  present  time  I  believe  it  would  be 
utterly  impossible  to  produce  the  like  in  this  country,  and  for 
the  same  reason  that  we  could  not  produce  work  like  the 
""  Venus  de  Medici"  or  Raphael's  "  Transfiguration." 

As  shown  by  the  exhibits  at  Chicago,  the  standing  appears 
in  this  way  :  The  largest  and  most  economical,  and  probablv 
as  economical  as  has  been  thus  far  built,  was  the  Allis  engine  : 
the  largest  exhibit  by  any  one  firm  was  that  of  the  'Westing- 
house. both  American  ;  the  most  economical  high-speed  engine 
the  Willans.  English  ;  the  best  piece  of  steam  engineering,  the 
German  ;  the  best  rotary.  Swedish  ;  and  the  best  workman- 
ship, French. 

As  to  the  future.  I  think  we  may  look  forward  to  using 
better  judgment  as  to  putting  the  right  engine  in  the  right 
place.  There  is  a  right  and  wrong  place,  if  not  for  all,  at 
least  for  several  kinds.  The  claims  against  the  high  speed  are 
that  it  is  not  economical,  and  terribly  prone  to  smash-ups— 
claims  pretty  well  founded  ;  but,  in  spite  of  that,  it  has  built 
itself  up  and  was  the  means  of  building  up  the  largest  half  of 
the  electric-light  business.  As  to  its  wasteful  use  of  steam, 
that  has  been  overestimated  and  is  fast  being  improved  :  and 
as  to  the  smash-ups,  better  separators  and  safety  devices  and 
the  destructive  fly  wheel  accidents  of  the  last  two  years  of 
slow-speed  engines  put  the  boot  on  the  other  foot.  With  the 
high-speed  engine  and  Mr.  Porter  came  better  work,  and  much 
better  yet  is  needed  and  will  be  demanded,  for  there  is  a  place  for 
the  high-speed  simple  engine  that  nothing  else  can  fill.  There 
is,  too,  a  place  for  the  Corliss  engine  and  a  place  for  the  com- 
pound, though  already  many  of  them  have  been  put  in  the  wrong 
place  ;  there  is  a  place,  and  as  yet  a  good  deal  of  unoccupied 
space,  for  a  vertical,  direct  connected  machine,  and  places  for  the 
triple  and  quadruple-expansion.  There  is  a  show  for  better 
designs,  a  show  for  better  workmanship,  especially  in  castings  ; 
and  as  to  the  show  for  improvement  in  steam  engineering, 
I  can  only  reply,  as  Barnum  did  when  asked  what  he  thought 
his  chances  were  for  heaven.  He  said,  "  he  thought  he  had 
the  greatest  show  on  earth." 

DISCCSSIOX. 

Mr.  Cartwright :  There  is  one  feature  Professor  Sweet  has 
spoken  of  which  I  heartily  agree  with.  I  am  not  connected 
with  any  engine  works,  but  I  have  to  use  engines  for  different 
purposes,  and  when  he  says  you  may  have  the  right  engine  in 
the  wrong  place,  I  thiuk  he  rays  a  great  deal.  That  certainly 
has  been  my  experience.  My  board  of  directors  oftentimes 
say,  "  Why*  Mr.  Cartwright.  "you  certainly  will  put  in  a  Cor- 
liss engine."  "  Xo,  gentlemen,  I  would  not  have  a  Corliss 
engine  in  that  place.  A  Corliss  engine  is  good  where  you  are 
running  26  hours  out  of  the  24  for  the  year  right  along,  but 
I  would  not  put  a  Corliss  engine  in  where  I  was  using  it  in- 
termittently. "  I  have  one  engine  that  in  two  years  never  has 
turned  over  but  one-half  day,  but  she  did  turn  over  when  the 
call  was  made  on  her.  A  Corliss  engine  would  not  do  that, 
according  to  my  experience.  Vou  cannot  lay  up  a  Corliss  en-  1 
gine  as  easily  as  you  can  lay  up  some  others.  I  put  in  a  Green 
engine.  The  professor  did  not  bring  in  the  Green  engine, 
I  believe,  in  enumerating  the  engines  he  spoke  of.  I  think  it 
is  a  very  good  engine.  Mr.  Sweet  was  at  Chicago  three 
months.  I  was  going  to  say  I  was  there  three  days,  and  of  j 
course  I  could  not  see  as  much  as  he  did,  but  I  did  take  off  1 
my  hat  to  the  German  engine.  I  think  it  was  the  only  engine 
on  the  ground  tnere  that  was  a  first-class  engine.  When  I 
asked  these  different  parlies  why  this  was,  they  would  say  : 
"  I  will  tell  you,  Mr.  Cartwright.  The  foundation  is  so  poor 
here  that  you  cannot  get  in  any  engines."  But  you  saw  that 
German  engine  working  there,  and  she  did  her  work  per- 


fectly.   I  never  saw  a  better  exhibition  of  an  engine  in  opera- 
tion than  she  was,  and  I  admired  her  thoroughly. 

In  relation  to  the  big  Corliss  engine  at  the  Centennial,  it 
was  a  good  monument.  It  was  a  very  pretty  picture,  but  it 
had  a  great  many  defects,  as  we  afterward  learned.  They 
had  two  beautiful  staircases  up  to  the  beam.  Those  staircases 
were  not  in  the  original  design  of  the  engine,  as  I  understand 
it,  but  they  were  put  up  there  to  hold  her  up.  They  were 
put  there  as  side-braces  to  take  the  lateral  motion.  The  Buck- 
eye took  my  attention  at  the  Centennial. 
"Xow  I  have  just  installed  a  plant  for  4.000  H.P.  I  put  in  a 
Woodbury  balanced  slide-valve  engine,  and  am  perfectly  sat- 
isfied with  it — 167  revolutions  out  of  a  500-horse  engine,  and 
she  does  work  magnificently.  She  will  be  an  intermittent  en- 
gine, because  when  we  have  no  wattr  we  will  call  on  the 
steam.  We  may  have  it  for  a  year,  and  we  may  not  have  it 
for  three  months. 

My  experience  with  the  Corliss  engine  is  that  it  needs  the 
doctor  very  often.  We  have  handled  a  good  many  of  Ihem. 
The  vibrating  valve  wears  off.  A  Corliss  engine  cannot  be 
repaired  by  any  machine  shop  ;  it  may  be  done,  but  special 
machinery  is  better.  Take  a  Green  engine,  for  instance  ;  we 
have  there  all  the  advantages  of  the  drop  cut-off  and  the  plain 
slide-valve.  Mr.  Le  Van  and  I  were  boys  together,  and  we 
did  not  have  any  machinery,  and  we  took  a  hammer  and 
chisel  to  do  our  repairs  ;  but  with  a  Corliss  engine  you  have 
got  to  have  special  machinery  to  repair  it  properly. 

Mr.  Emery  :  By  going  off  into  a  corner  of  the  grounds,  into 
the  station  of  the*  Intramural  Railroad,  you  would  find  a  170 
kilowatt  generator  run  by  the  Williams  engine,  auniqueengine 
all  the  way  through.  It  was  of  the  marine  engine  type,  but 
it  was  handling  a  generator  very  much  heavier  than  the  old- 
fashioned  engine,  and  it  would  stand  right  up  to  its  work, 
running  2,300  amperes,  560  volts  there,  slowing  up  when 
necessary,  because  it  was  not  large  enough  to  carry  it,  and 
then  rising  up  to  speed  again.  It  ran  the  road  without  assist- 
ance from  any  other  engine.  It  was  a  very  creditable  perform- 
ance, and  those  who  did  not  happen  to"  see  it  missed  some- 
thing. 

I  was  particularly  impressed  with  the  large  number  of  en- 
gines with  single  valves,  regulated  by  the  governor,  com- 
pounds and  single  engines,  all  working  well  The  high-speed 
engines  had  their  troubles  at  first,  and  they  were  largely  due 
to  bad  work.  They  were  due  to  bad  governing,  and  between 
the  two  there  were  considerable  breakdowns,  and  there  were 
hot  bearings,  and  they  were  not  popular  ;  but  those  engines 
worked  well,  and  a  great  many  of  them  were  fully  loaded. 

Mr.  Odett:  In  regard  to  the  Corliss  engine  at"  the  Centen- 
nial, it  probably  was  not  of  the  best  design,  and  it  has  been  a 
subject  of  ridicule.  But  about  that  time,  from  1S72  to  1S76, 
it  was  mv  good  fortune  to  be  very  intimately  acquainted  with 
George  H.  Corliss.  I  did  a  great'deal  of  testing  for  him.  and 
those  who  know  Corliss  well,  know  that  he  always  had  some 
object  in  view  in  designing  an  engine.  He  designed  that  Cor- 
liss engine  as  an  exhibition  engine,  and  while  he  was  building 
that  engine  he  was  designing  an  engine  which  has  given  about 
as  good  duty  as  anything  from  that  day  to  this.  I  refer  to 
the  Pawtucket  pumping  engine. 

Mr.  Kriit :  The  lesson  of  the  engineering  exhibit  at  Chicago 
to  me  was  one  of  chaos.  Steam  engineering  is  undoubtedly 
undergoing  a  transition,  and  we  do  not  know  what  it  is  going 
to  eventuate  in.  There  is  a  conflict  between  half-a-dozen 
tvpes,  and  in  each  type  there  are  half-a-dozen  varieties.  It 
looks  as  if  in  the  next  few  years  many  of  the  engine  builders 
of  the  countrv  would  be  called  on  to  revolutionize  their  shops 
and  build  a  different  kind  of  engine  from  what  they  are  now 
building.  We  have  heard  encomiums  of  the  high-speed  small 
engine, "running  very  high  speeds  and  small  powers.  It  looks 
as  "if  the  epitaph  of  that  "engine  was  very  shortly  to  be  written. 
because  it  has  absolutely  "failed  to  demonstrate  economy  of 
steam.  The  slowspeed  engines  of  the  Corliss  type  are  likely 
to  be  driven  out  to  a  large  extent  by  the  marine  type  of  en- 
gine, and  it  is  a  question  whether  that  is  the  coming  type. 
There  have  been  a  great  many  criticisms  made  of  the  marine 
type  of  engine— that  is,  the  "three  cylinders,  cranks  at  120, 
vertical  engine — on  account  of  its  supposed  instability  verti- 
cally, the  vibrations,  the  difficulty  of  climbing  up-stairs  to  oil 
the" engine,  and  all  these  things  Williams's  exhibit  also 
shows  that  there  may  be  a  change,  and  certainlv  makes  the 
fly-wheel  governor  men  a  little  alarmed  by  bringing  back  the 
possibilities  of  throttling  governing  again.  Have  we  been  mak- 
ing a  mistake  in  saving  that  the  throttling  governor  eugine 
was  a  thing  of  the  past  7  Shall  we  have  to  say  that  it  is  fully 
as  automatic  as  the  other  when  we  put  it  on  three  cylind 

Mr.  Durfee  :  It  mav  be  of  interest  to  the  engineers  pr 
to  know  that  prior  to  1^7"  there  were  some  Corliss  vertical 
tandem  engines  designed  by  Mr.  Griffin,  and  erected  in  the 
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Phoenix  Iron  Works.  Those  engines  are  still  running,  I  l>e- 
lieve.  There  was  quite  an  internal  of  time  between  their  erec- 
tion and  starting,  through  some  change  in  the  business,  but 
the  engines  have  given  good  satisfaction  from  the  time  they 
were  put  to  work  until  the  present.  In  \-dl  I  put  a  Corliss 
vertical  engine,  42  x  42.  running  85  revolutions  a  minute,  in 
the  North  Chicago  Mill.  Th;it  engine  I  subsequently  took  out 
and  put  into  the  Milwaukee  Mill  in  lsGS.  That  engine  is  still 
runniug  the  rail  train  in  the  Milwaukee  Mill.  The  last  time 
I  saw  it  it  was  making  85  revolutions  a  minute.  I  have  never 
heard  of  any  undue  expense  for  repairs  on  that  engine. 

In  about  1S04  there  was  put  into  the  Park  Brothers'  steel 
works— the  Black  Diamond  Steel  Works — several  Corliss 
gines.  One  of  them  was  of  the  same  size  and  made  from  tin- 
same  pattern  that  I  used  at  the  North  Chicago  Hill— 42  •  40. 
upright.  That  drove  a  large  plate  train.  I  think  it  is  still  at 
work  there. 

As  regards  the  Centennial  engine,  it  may  be  of  interest  to 
hear  the  criticism  of  an  English  engineer  on  that  engine.  In 
•  I  went  to  Chicago  to  attend  a  meeting  of  the  Mining 
Engineers,  I  think  it  was.  and  with  the  party  was  Mr.  John 
Jeers,  of  Middlesborough,  England.  I  spent  considerable 
time  with  him.  and  we  went  to  Pullman  with  the  rest  of  the 
party.  Going  into  the  engine  room  Mr.  Jeers  was  leaning  on 
my  arm.  He  never  had  seen  this  large  engine,  and  really  it 
looked  about  four  times  as  large  as  it  did  at  the  Centennial. 
He  held  me  back  a  moment  and  stopped  and  looked  at  that 
engine  and  said  :  "Mr.  Durfee.  that  is  the  grandest  engine 
I  ever  saw  in  all  my  life  !" 

Prqfettor  Mutton  :  What  Mr.  Kent  says  induces  me  to  rem- 
iniscence and  to  confirmation  of  his  feeling  of  uncertainty. 
In  1879  I  was  called  on.  as  a  sort  of  advisory  ensrineer  at  Co- 
lumbia College,  to  recommend  to  the  Board  of  Trustees  what 
form  of  engine  we  should  put  in  ta  drive  the  ventilating  fan 
of  the  building,  which  was  then  under  construction.  It  was 
obvious  that  we  wanted  to  have  a  high-speed  engine,  and 
Professor  Trowbridge  and  myself  agreed  that  the  only  engine 
that  would  meet  the  requirements  of  the  case  was  the  Porter- 
Allen  engine,  and  there  were  several  years  during  which  all 
our  class-room  work  was  directed  in  that  way.  Mr.  P'  >ri>r 
could  not  furnish  us  with  the  engine  when  we  wanted  it,  and 
the  contractors  went  to  the  only  other  high  speed  engine  that 
there  was  in  existence  at  that  time,  and  that  was  the  Buckeye. 
That  was  only  three  years  after  the  Centennial — by  the  time- 
it  was  put  in  it  was  four  years — and  at  that  tin;e  there  were 
but  two  high-speed  engines  ;  and  when  Professor  Sweet  was 
asked  to  give  the  opening  paper  at  the  formation  of  the  So- 
ciety, it  was  considered  that  it  would  be  of  great  interest  to 
have  him  describe  to  the  American  Sociely  of  Mechanical 
Engineers,  just  then  formed,  the  special  features  of  construc- 
tion of  his  straight-line  engine.  That  was  a  distinct  novelty 
when  this  Society  was  formed  only  14  years  ago.  When  we 
consider  that  all  this  development  of  the  modern  engine,  as 
we  have  seen  it  in  Chicago,  is  the  development  of  the  last  few 
years,  we  can  appreciate  how  everlastingly  rapid  the  develop- 
ment has  been  during  that  short  time,  and  can  concede  that 
Mr.  Kent's  criticism  is  perhaps  deserved,  that  we  do  not  know 
exactly  what  is  the  future  and  stable  type  of  the  steam-engine. 
I,  personally,  was  very  much  struck  with  the  remark  made 
by  Mr.  George  8.  Strong  at  our  meeting  a  month  ago.  Of 
course  Mr.  StroDg  spoke  as  a  locomotive  engineer,  but  he 
made  this  point  :  "  Why  in  the  world  are  the  stationary  en- 
gineers putting  in  power  plants,  proceeding  on  a  very  extrava- 
gant basis,  which  would  strike  a  locomotive  engineeras  so  very 
much  beyond  what  is  at  all  required  ?"  That  there  is  no 
reason  in  the  world  why  one  boiler  should  not  be  able  to  fur- 
nish the  1,400  II. P.  that  the  locomotive  is  continuously  able  to 
deliver,  and  that  from  that  one  boiler  and  two  cylinders  we 
should  be  abl.  to  tret  upward  of  I.imki  H.P.  for  perhaps  very 
little  over  $12,000.  There  is  no  one  who  does  not  talk  of  an 
electric  light  plant  for  f  Io.ihki,  without  at  once  thinking  that 
means  a  good  many  boilers  of  the  water-tube  or  other  type 
and  a  very  expensive  engine,  which  in  itself  goes  ver;- 
that  sum  of  $10,000  :  and  certainly  we  have,  every  time  a 
1  ,<mm >  H.P.  plant  is  designed,  a  fisrure  that  has  much  tran- 
scended the  cost  of  a  locomotive.  If  it  be  so,  that  the  marine 
engine  is  a  solution  on  land  of  the  problem  in  that  form. 
I  think  that  there  is  a  good  deal  for  the  engineer  to  learn  in 
the  direction  of  making  a  power  plant  of  considerable  mag- 
nitude for  a  little  money. 

Mr.  1>     ■■■  :  I  remembei  some  years  ago  an  engrav- 

ing of  a  type  of  engine  that  is  said  to  be  quite  common  in 
England.  1  do  not  Ihink  it  has  ever  been  undertaken  here. 
P  is  practically  a  semi-portable  engine.  There  is  a  bed-plate 
of  cast  iron  on  which  is  mounted  a  locomotive  boiler,  a  saddle 
under  the  smokestack  end.  ami  on  each  side  of  the  saddle  is 
am  cylinder.     The  crank  is  just  back  of  the  smoke-box. 


and  there  are  one  or  more  fly-wheels  on  the  outside  of  this 
bed-plate.  The  arrangement  is  as  near  as  possible  like  that  of 
the  locomotive.  I  have  been  told  that  those  engines  are  quite 
popular  with  those  who  have  purchased  them  in  England. 
The  engine  is  capable  of  concentrating  a  very  large  amount  of 
power  in  a  very  small  space. 

There  was  one  remark  more  that  I  intended  to  make  in  re- 
gard to  the  Corliss  engine,  and  that  was  in  respect  lo  the  ex- 
cellent work  turned  out  under  Mr.  Corliss's  administration. 
When  I  took  this  42-in.  cylinder  engine  from  Chicago  to  Mil- 
waukee I  found  that  it  was  necessary  to  replace  the  dash-pots. 
They  had  got  broken.  I  sent  to  Mr.  Corliss  for  some  castings, 
telling  him  that  I  would  finish  them  at  our  works.  To  my 
surprise,  the  dash-pots  completely  finished.      Even  the 

bolt-holes,  2-in.  X  2£,  reamed  bolts,  were  bored.  The  lugs 
for  bolting  them  on  to  the  frame  were  all  planed  off.  I  put 
some  men  to  work  on  Sunday  to  put  those  dash  pots  in  posi- 
tion, and  to  my  surprise  when  we  got  the  stems  of  the  dash- 
pots  where  they  belonged,  the  planed  finish  of  this  lug  was  in 
contact  with  the  corresponding  part  on  the  face  of  the  engine, 
and  I  drove  those  bolts  through  with  a  mallet  myself,  screwed 
them  up.  and  that  was  all  there  was  to  do  to  it.  It  is  more 
remarkable  when  we  consider  that  that  engine  was  the  first 
engine  that  Mr.  Corli-s  had  made  off  of  those  patterns 

Mr.  /."ring  :  Professor  Hulton's  quotation  of  Mr.  Strong  in 
reference  to  the  use  of  the  locomotive  boiler  and  engine  on 
land' will  recall  to  jou,  Mr  Chairman,  perhaps,  a  little  of  the 
conversation  that  we  had  to-day,  in  which  you  confirmed  the 
statement  which  I  had  made,  that  the  locomotive  boiler  as 
built  for  locomotives  has  always  been  a  failure  when  it  has 
been  attempted  to  use  it  on  land  or  at  sea.  Xo  man.  I  think, 
would  be  wild  enough  to  propose  to  put  a  locomotive  boiler, 
as  it  is  constructed  for  railroad  purposes,  in  use  either  for  shop 
work  or  for  the  sea.  There  seems  to  be  something  in  the 
peculiarity  of  the  service  to  which  the  locomotive  is  put  which 
enables  it  to  do  things  which  in  the  quiet  of  a  shop  or  in  the 
gentle  motion  of  the  sea  makes  it  impossible  to  do.  It  is 
necessary,  as  you  all  know,  either  for  land  purposes  or  for  sea 
purposes,  to  provide  some  method  by  which  the  ascending  and 
the  descending  currents  can  be  established,  and  by  which  the 
steam  can  escape  readily  from  the  tubes.  This  ability  to  dis- 
engage the  steam  at  least  is  probably  brought  about  by  the 
vibrations  of  the  locomotive  upon  the  rails,  by  which  the 
bubble  of  steam  is  detached  immediately  it  is  made.  There 
have  been  repeated  efforts  to  apply  the  locomotive  boiler  to 
marine  purposes,  with  tubes  far  better  arranged  for  circula- 
tion than  they  are  ordinarily  in  the  locomotive,  and  they  have 
always  been  failures  if  they  approximate  at  all  the  nature  of 
the  locomotive.  I  think  there  is  no  builder  here  who  would 
dare  to  put  the  moderate  quantity  of  bearing  surface  in  the 
crank-pin  that  the  locomotive  carries.  Whether  it  is  the  con- 
stant motion  of  the  crank-pin  in  the  open  air  that  keeps  it  cool 
or  not,  I  am  not  prepared  to  say  :  but  those  proportions  would 
not  do  for  a  steamer,  nor  would  they  do  on  land. 

In  reference  to  the  antiquity  of  certain  engines  which  my 
friend,  who  has  delved  in  antiquities,  has  mentioned  to-night, 
I  know  of  an  engine  that  was  completed  during  my  appren- 
ticeship. It  was  somewhere  near  1^4S.  That  engine  is  still 
running  in  the  American  Tube  Works,  working  their  mandrels 
on  the  draw  bench,  and  what  was  known  in  those  days  as  the 
shopper-engine— that  is.  it  had  a  beam  supported  on  one 
end  of  a  vibrating  beam,  the  crank  being  between  this  upright 
beam  and  the  cylinder,  and  the  rectitude  of  the  piston-rod 
was  controlled  by  a  parallel  motion.  That  engine,  built  in 
1848  or  1--}'.'.  is  still  running  in  the  tool  works,  and  without 
any  material  repair  anil  no  alteration  whatever. 

4/  .  /'-  rfu  .  Ta!kiiiLr  about  antiquities,  there  was  an  engine 
put  into  the  Baldwin  Locomotive  Works  in  ls?>6  It  was  put 
into  those  works  by  my  father,  and  it  was  designed  by  Mr. 
Baldwin.  Mr.  Baldwin  had  a  peculiar  idea  in  regard  to  a 
■  nary  engine.  lie  said  that  a  stationary  engine  was  not 
correct  if  the  cylinder  was  horizontal  :  neither  was  it  correct 
if  the  cylinder  was  vertical.  His  view  was  that  the  engine 
ought  to  be  placed  accurately  at  an  angle  of  45°,  the  main 
shaft  being  in  the  air  and  the  cylinders  dow  D  at  the  bottom  of 
the  inclined  plane.  Consequently  this  engine  was  put  up  in 
that  way.  A  large  brick  foundation  \\as  built  up  the  main 
shaft  near  the  ceiling  of  the  room,  and  the  cylinder  at  the 
1  iwer  end.  Another  peculiar  idea  that  Mr.  Baldwin  had  was 
that  the  hexagonal  guide-bar  of  all  engines  should  be  utilized 
:>-  a  feed-pump,  and  therefore  the  hexagonal  guide-bar  of  that 
engine  was  made  a  hollow,  and  the  plunger  worked  in  the 
-  of  it,  which  worked  by  an  arm  extending  from  the  cross- 
head  of  the  engine.  The  lower  end  of  the  bar  had  the  usual 
valves.  The  last  time  I  saw  that  engine,  a  few  years  ago, 
that  pump  was  Mill  working,  feeding  the  boilers.  The  older 
members  here  will  recollect  that  the  early   Baldwin  locoino- 
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tires  had  similar  feed-pumps  and  similar  prismatic  guide- 
bars. 

Mr.  Piatt :  Professor  Sweet  spoke  of  being  at  Battersea  at 
the  exposition  of  the  Royal  Agricultural  Society  of  England. 
Agricultural  engineering  owes  very  much  to  that  Society  for 
the  judicious  way  in  which  it  has  given  prizes  for  excellence 
in  agricultural  engineering.  Every  few  years  they  give  prizes 
for  certaiu  branches,  more  particularly  steam-engines,  and  the 
engineers  had  such  confidence  in  the  experts  employed  by  the 
Society  to  conduct  the  trials,  that  tiny  devoted  themselves 
very  thoroughly  to  producing  the  best  things  they  could,  and 
the  result  was  that  they  raised  agricultural  engineering  to  the 
very  highest  point  of  engineering  science.  That  has  fallen 
into  disuse  somewhat,  and  many  of  the  large  makers  are  rest- 
ing on  their  laurels  ;  but  now  and  again  they  give  prizes,  and 
it  brings  to  the  front  some  of  the  younger  engineers  ;  and 
notably  at  the  last  competition  it  brought  to  the  front  many- 
new  men  who  have  since  reaped  the  advantage  of  these  trials. 

Professor  Sweet  referred  to  steam  plowing.  That  is  still 
carried  on  to  a  very  considerable  extent  in  our  country.  Par- 
ties get  engines  and  let  them  out  to  hire,  or  rather  plow  the 
land  at  so  much  per  acre  for  farmers,  and  considerable  busi- 
ness is  done  in  that  way. 

"  Some  one  has  referred  to  the  locomotive  boiler  not  being 
more  generally  used  in  stationary  work.  Well,  some  of  you 
know  that  Mr.  E.  D.  Leavitt  used  the  locomotive  type  of 
boiler  very  much  for  some  of  his  work  :  but  you  will  bear  in 
mind  that  it  is  usually  continuous  work — that  is.  they  work 
day  and  night,  and  that  is  one  great  advantage  in  locomotive 
boilers,  to  keep  the  boiler  always  at  work.  That  is  the  differ- 
ence between  the  American  and  the  English  locomotive.  You 
can  use  steel  fire-box  plates  in  America,  and  we  cannot  use 
them  in  England,  because  you  run  your  locomotives  day  and 
night  with  two  sets  of  men,  and  ours  are  only  run  days.  They 
go  into  sheds  at  night  and  cool  down,  and  I  think  that  is  one 
great  reason  why  steel  boxes  won't  stand  with  us,  and  another 
reason  is  that  our  boilers  are  more  rigid.  They  are  stronger 
and  better  stayed  and  not  so  elastic  as  the  American  build  of 
boiler. 

"Some  one  remarked  as  to  using  the  marine  type  of  engine 
more  extensively  for  land  purposes.  There  has  been  a  ten- 
dency in  that  direction  in  England.  Many  large  factory  en- 
gines have  been  erected  of  that  type,  some  of  them  running 
very  considerable  piston  speeds,  but  they  do  not  run  so  com- 
fortably as  the  horizontal  engines  of  longer  strokes.  There- 
is  a  good  deal  of  trouble  with  the  packing  boxes.  The  grit 
and  dirt  work  down  into  the  gland,  and  that,  I  believe,  is  the 
principal  trouble  they  find  in  England.  Hick  Hargraves  have 
erected  some  very  tine  examples,  but  still  they  stick  more 
generally  to  their  horizontal  compound  type  and  are  making 
some  very  large  powers. 

"  Mr.  Le  Van  :  I  had  the  pleasure  on  Monday  of  looking  at 
an  engine  built  in  1819.  The  engine  had  run  up  to  1835.  and 
it  was  only  superseded  on  account  of  being  too  small.  It  was 
a  low  pressure  engine. 

9  Mr.  Kent :  It  strikes  me  as  singular  that  so  young  a  man  as 
I  am  can  go  beyond  Mr.  Le  Van  and  Mr.  Durfee,  but  in  / 
neeriny  Neat  you  will  see  a  drawing  of  an  engine  running  in 
Savannah.  Ga..  built  in  1815  by  Bolton  A  Watt,  imported 
from  England.  It  is  really  a  remarkable  engine.  It  is  30  ft. 
long  on  a  horizontal  line,  6-ft.  cylinder,  31  in.  diameter,  beam 
about  18  ft.  long,  and  running,  I  think.  18  revolutions  a  min- 
ute with  8  lbs.  pressure,  and  developing  90  H.P. 

J//'.  Cartirri'jld  :  I  happened  to  be  engineer  of  an  establish- 
ment that  had  one  of  old  Oliver  Ames's  engines,  and  I  saw  her 
running.  It  was  built  18H8.  I  have  said  before,  and  have 
been  laughed  at,  that  the  modern  engine  as  built  to-day  has 
more  good  machinery  that  is  spoiled  by  being  over-fitted  than 
all  that  has  been  under  fitted.     I  had  an  engine  some  eight  or 

10  years  ago — a  Corliss  engine — and  she  was  a  splendid  piece 
of  work.  I  had  charge  of  the  establishment  for  some  three 
months.  One  day  I  came  over  to  New  York,  and  the  whole 
establishment  was  stopped.  The  engine  had  melted  the  bab 
bitt  out  of  the  bearings.  I  said  I  could  fix  her,  but  the  presi- 
dent would  not  let  me.  He  sent  to  Mr.  Harris,  who  sent  his 
Mr.  Babbitt  down,  who  agreed  with  me.  but  said  that  Mr. 
Harris  is  a  stickler  for  fine  tits.  Periodically  she  melted  her 
babbitt  out.  She  did  it  once  when  I  was  alone  and  I  fixed 
her,  so  that  she  has  been  runuing  nine  years  and  has  not 
stopped  since.  All  I  did  was  to  take  one-tenth  of  an  inch  off 
her  crank-shaft.  Now  that  character  of  work  spoils  more 
work  than  all  this  loose  fitting  does.  I  want  to  have  a  tit.  but 
I  do  not  want  to  pinch  things.  I  have  seen  traveling  cranes 
built  that  developed  more  power  to  turn  them  over  when  they 
had  a  load  011  than  the  whole  thing  would  run  with  it'  she  had 
a  chance  to  go  and  c  ime.  I  will  show  you  to-day  drawings 
oi  a  man-of-war  that  was  built  in  1848.     She  had  a  trunk  en- 


gine. Now  no  one  would  think  about  making  a  trunk  engine 
to-day  :  but  it  was  good  in  its  place.  You  had  to  get  all  the 
machinery  below  the  water-line.  We  had  not  got  on  to  those 
back  action  grasshoppers  that  we  had  during  the  war.  Why 
is  it  that  after  we  put  the  marine  engine  on  board  a  ship  that 
we  have  to  make  her  so  excessively  heavy  !  The  reason  is 
that  she  is  bearing  here  one  instant  and  there  the  next.  Look 
at  the  big  crank  shafts,  how  easily  they  are  broken  !  It  is 
because  of  the  undulations.  It  is  just  like  bending  a  piece  of 
tin.  You  take  a  stationary  engine,  put  it  on  a  good  founda- 
tion, and  with  good  care  of  the  engineer  it  ought  to  run  for- 
ever. 

Dr.  Emery :  The  remarks  of  Professor  Hutton  make  it  ap- 
pear to  me  very  proper  to  mention  the  originator  of  the  high- 
speed engine  with  a  single  valve.  I  refer  to  our  late  lamented 
associate,  John  C.  Hoadley.  I  think  any  one  who  will  go 
over  the  facts  will  realize  that  such  is  the  case.  We  had  the 
hog  motion,  as  it  was  called,  the  sliding  of  the  eccentric  across 
the  shaft,  long  before  his  time,  and  it  was  therefore  known 
that  that  was  applicable  :  but  the  first  instance  that  I  recollect 
of  an  engine  that  worked  properly,  that  was  the  prototype  of 
the  present  high-speed  engine,  was  exhibited  by  John  C. 
Hoadley  at  the  Centennial  Exposition.  He  was  building  a 
line  of  portable  engines  with  locomotive  bailers  and  the  engine 
of  that  type  mounted  upon- it.  He  had  there  the  present  mod- 
ern spring  governor,  well  proportioned  to  give  good  regula- 
tion, and  he  had  the  piston-valve,  and  in  a  test  of  that  engine 
it  ran  down  to  26  lbs.  to  the  II. P.,  high  pressure,  non-con- 
densing, or  below  the  tests  I  have  made  of  engines  developing 
the  same  power  of  the  Corliss  type.  That  was  in  1 
Many  may  not  know  that  his  draftsmen  were  Armington  & 
Sims,  and  that  their  work  followed  his.  He  got  into  financial 
difficulties,  and  they  took  the  shop.  I  think,  however,  that 
their  work  did  not  come  out  until  after  the  Buckeye  mentioned 
by  Professor  Hutton.  In  the  Centennial  report  you  will  find 
the  success  of  that  engine  recorded,  and  I  think  to  him  should 
be  given  that  credit. 

Mr.  Piatt :  I  do  not  know  whether  it  is  over-fitting  or  what 
that  we  have  to  look  to,  but  certainly  I  was  surprised  at  the 
number  of  hot  bearings  and  breakdowns  that  took  place  at  the 
Chicago  Exposition.  From  the  first  right  through  to  the  end 
we  were  continually  seeing  engines  of  one  kind  and  another 
stopped  :  bearings  hot,  cylinder  heads  blown  out,  and  one 
thing  and  another  was  constantly  going  on.  It  was  some- 
thing that  ought  not  to  have  been  seen  in  an  exposition  of  that 
kind.  Just  where  the  reason  is  I  do  not  know.  I  was  in 
Hicks  &  Hargraves'  place  in  England  a  year  or  two  ago,  and 
tbey  had  then  six  or  seven  large  engines,  up  to  2,000  or  3,000 
II.  P.,  vertical.  I  noticed  that  they  paid  great  attention  to 
the  crankshaft  bearings.  They  were  all  made  a  big  swivel 
bearing.  They  used  also  a  great  deal  of  steel  in  the  framing. 
But  I  know  that  they  considered  that  a  good  deal  of  trouble 
had  taken  place  in  those  big  engines  with  the  crank  shaft  and 
crank-shaft  bearing,  and  they  had  desisned  this  bearing  to  get 
over  the  difficulty.  They  seemed  to  have  great  success  with 
the  engine,  and  I  know  of  building  a  number  of  them  for 
electric-lighting  purposes.  We  were  speaking  of  the  ques- 
tions of  bearings  heating  and  the  question  of  end  play.  Now 
the  firms  in  the  north  there  always  allow  one-eighth  of  an 
inch,  and  even  more  than  that,  end  play  in  the  main  bearing 
and  the  crank-shaft  bearings,  too,  and  they  never  get  hot 
while  they  wear  forever.  I  know  engines  that  have  been  put 
up  inside  of  two  or  three  days  at  a  big  mill  and  started  up, 
and  then  they  will  go  on  working,  and  perhaps  it  will  be  six 
months  before  the  engine  stops. 

Mr.  Bitts :  In  regard  to  old  engines,  I  am  rather  surprised 
that  no  one  has  referred  to  an  engine  that  was  shown  in  1876. 
The  first  engine  which  was  ever  put  to  work  in  this  country 
was  a  pumping  engine,  which  was  at  the  Schuyler  copper 
mines  at  ArlingtonTand  parts  of  which  exist,  I  think,  at  this 
day.  and  were  until  very  recently  to  be  seen  at  Newark. 

Mr.  I  have  listened  to  the  discussion  this  evening 

with  a  great  deal  of  interest,  and  it  happens  to  me,  as  it  hap- 
pens to  most  other  people,  that  I  am  very  apt  to  look  at  sub- 
jects through  the  spectacles  I  am  in  the  habit  of  wearing. 
For  a  good  many  years  I  have  been  in  the  habit  of  looking  at 
steam-engines  only  as  they  are  applied  to  locomotive  purposes. 
There  has  been  a  good  deal  said  this  evening  about  the  defects 
and  the  deficiencies  of  stationary  engines,  which  somehow 
seemed  to  me  to  have  been  solved  to  a  considerable  extent  in 
locomotive  engines.  We  have  heard  this  evening  about  the 
high-speed  engine,  which  was  introduced,  I  believe,  in  the 
first  place,  at  the  Centennial.  It  seems  to  me  if  we  refer  to 
locomotive  practice  we  will  find  that  high-speed  engines  were 
used  as  locomotives  a  great  while  before  the  Centennial  Ex- 
position. I  think  we  might  go  back  even  to  the  time  of  the 
t,  and  find  that  that  was  "a  high-speed  engine.     So  that, 
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as  far  as  the  problem  of  high  speed  is  concerned,  it  strikes  me 
that  it  was  solved  in  locomotive  practice  long  before  1876. 

Xow  there  are  a  good  many  other  problems  which  come  up 
to  locomotive  men.  It  is  not  only  a  question  of  high  speed, 
but  it  is  also  a  question  of  slow  speed.  Such  engines  must  be 
built  to  work  at  the  very  slowest  speed  at  the  maximum 
capacity  that  it  is  possible  for  them  to  exert,  and  then  grad- 
ually increase  the  rate  of  work  and  the  amount  of  power  de- 
veloped, until  you  reach  speeds  of  60,  70—  some  men  are  san- 
guine enough  to  say  80  miles  an  hour.  Such  conditions  are 
very  different  from  the  conditions  under  which  a  stationary 
engine  or  even  an  ordinary  marine  engine  must  work.  The 
power  developed  in  a  locomotive  boiler  differs  immenselv 
from  that  developed  in  a  stationary  or  marine  boiler.  Some 
experiments  made  on  the  Baltimore  &  Ohio  Railroad,  on  the 
heavy  grade  over  the  Allegheny  Mountains,  showed  that  they 
burned  196  lbs.  of  coal  per  square  foot  of  grate  per  hour.  As 
there  are  about  20  sq.  ft.  of  grate  on  an  ordinary  locomotive 
boiler,  that  means  they  burned  'about  4.000  lbs.  of  coal  per 
hour  ;  and  as  they  would^evaporate  about  6  lbs.  of  water,  it  is 
not  a  difficult  matter  to  get  at  the  amount  of  work  done  by 
that  locomotive  in  that  period.  Some  tests  show  that  they 
have  burned  over  '200  lbs.  of  coal  per  square  foot  of  grate  per 
hour.  I  think  it  would  be  very  difficult  to  find  any  other  type 
of  boiler  which  does  a  corresponding  amount  of  work. 

Commodore  Loring  this  evening  has  told  us  that  no  one 
would  dare  to  place  a  locomotive  boiler  either  in  a  ship  or  in 
a  stationary  engine  and  expect  it  to  do  the  great  amount  of 
work  done  in  locomotive  practice,  and  apparently  he  attributed 
that  difference  in  the  operation  of  the  locomotive  boiler  to  the 
fact  that  it  is  working  under  a  certain  amount  of  tremor  dur- 
ing the  whole  periodof  its  active  exertion.  It  seems  to  me 
that  if  that  is  the  fact,  if  the  difference  in  the  working  of  a 
locomotive  is  attributable  to  that  fact,  it  would  be  a  wise 
thing  to  apply  a  sort  of  Swedish  movement  cure  to  a  locomo- 
tive boiler,  and  keep  it  in  a  constant  slate  of  tremor  whileat 
work.  The  secret  of  that,  it  strikes  me,  must  be  somewhere 
else.  At  any  rate,  it  is  worthy  of  very  careful  investigation 
to  see  how  much  the  superior  efficiency  of  locomotive  boilers 
is  due  to  that  tremor  or  the  roughness  of  the  track. 

You  have  also,  no  doubt,  heard  a  great  deal  about  the  diffi- 
culty they  are  having  in  the  English  Navy  in  keeping  tubes 
tight.  I  have  asked  the  question  a  good  many  times  as  to 
whether  in  marine  boilers  they  use  copper  ferrules  on  the  ends 
of  their  tubes,  and  I  find  that  practice  is  not  at  all  general. 
In  locomotive  practice  it  is  almost  universal  now  to  fit  the  fire- 
box end  of  the  tubes  with  a  copper  ferrule  on  the  outside  of 
the  tube,  between  it  and  the  tube-sheet,  and  then  caulk  it  up 
over  that.  I  think  no  locomotive  man  who  understands  his 
business  would  dare  to  put  steel  or  iron  lubes  into  a  locomo- 
tive without  putting  in  a  copper  ferrule. 

Furthermore,  we  have  heard  that  locomotive  crank-pins  are 
made  of  such  a  size,  that  no  one  would  dare  to  imitate  that 
practice  in  a  marine  or  stationary  engine,  and  that  fact  is  at- 
tributed to  the  circumstance  that  the  locomotive  crank-pin  is 
revolving  at  a  very  high  rate  of  speed  in  the  open  air,  and  is 
thus  cooled  down  in  the  current  of  air  to  which  it  is  exposed. 
If  that  is  true,  it  strikes  me  as  a  very  simple  expedient  to  put 
on  a  blower  and  blow  on  to  the  crank- pins  and  keep  them 
cool.  Another  gentleman  has  spoken  of  the  difficulty  of 
keeping  the  shafts  of  marine  engines  in  a  state  of  in- 
tegrity. We  find  the  locomotives  running  at  these  high  rates 
of  speed  over  tracks  of .  every  degree  of  roughness  and  of 
smoothness,  running  by  day  and  by  night,  in  the  cold  and  in 
the  wet,  and  still  our  shafts  are  not  constantly  breaking.  Then 
another  gentleman  has  said  this  evening  that  a  great  deal  of 
difficulty  arises  from  the  fact  that  we  have  too  much  good 
fitting  ;  that  our  engines  are  built  too  well  ;  that  we  do  not 
allow  end  play.  Xow  those  bad  things  seem  to  exist  in  loco- 
motive practice.  If  we  do  not  allow  end  play,  the  working 
of  the  locomotive  very  soon  provides  it  for  itself,  and  our 
great  trouble  is  to  keep  them  from  having  end  play.  It, 
therefore,  would  be  perhaps  advisable  to  shake  up  ordinary 
stationary  engines  and  marine  engines,  so  that  they  would 
give  more  of  this  end  play  that  is  so  desirable.  I  think  there 
are  a  good  many  things  worked  out  in  locomotive  practice 
which  it  might  be  well  to  look  into,  and  find  out  just  what 
the  principles  are  which  enable  us  to  do  things  in  locomotive 
work  which  cannot  be  done  in  stationary  and  in  marine  work. 

Mr.  CarUoriglU  :  In  regard  to  copper  ferrules  for  a  marine 
boiler,  we  all  know  what  salt  water  does  with  copper  in  a 
boiler.     It  will  cut  the  iron  very  quickly. 

The  i  :  The  subject  of  the  next  meeting  will  be 

Testing  Machines  and  Tests  of  Materials,  and  an  introductory 
address  will  be  given  by  Mr.  J.  Sellers  Bancroft  of  William 
Sellers. ifc  Co.,  of  Philadelphia,  describing  the  recent  improve- 
ment in  the  Emery  system  of  testing  machines. 


APPARATUS   FOR    RAPID    LOADING    OF    COAL 
INTO    SHIPS. 


By  G.  Braet. 


{Continued  from  page  119.) 

Lifts  of  the  Bruay  Mining  Company,  Calais. — This  company 
has  its  loading  basin  located  at  the  north  of  Bethunc,  anil  is  in 
communication  with  the  canal  of  Abie  a  la  Basse.  The  load- 
ing wharf  has  a  railroad  communication  with  the  mines  ;  it  is 
provided  with  two  hydraulic  lifts  located  at  a  fixed  distance 
from  each  other,  so  as  to  be  able  to  place  a  boat  that  is  to  be 
loaded  under  the  hoppers  of  each  of  the  apparatuses.  The 
hydraulic  lift  is  composed  of  a  platform  placed  central  with 
the  railroad  which  runs  parallel  to  the  wharf.  The  crossbars 
of  iron  at  the  ends  of  the  platform  are  turned  up  vertically  and 
serve  to  support  the  two  trunnions  which  are  carried  by  cast- 
iron  supports.  The  upper  part  of  these  vertical  portions  are 
provided  with  an  endless  screw,  which  is  used  to  draw  in  or  set 
out  the  two  blocks  which  serve  to  hold  the  body  of  the  car 
during  its  period  of  inclination.  Below  the  platform  there  is 
an  ordinary  hydraulic  lift,  which  receives  its  water  from  an  ac- 
cumulator. The  piston  of  Ibis  hydraulic  press  is  connecled  to 
the  platform  by  means  of  two  intermediate  connecting-rods. 

The  hopper  which  is  used  to  carry  the  coal  from  the  car  into 
the  boat  is  trapezoidal  in  form.  The  longest  side  is  equal  to 
the  length  of  the  body  of  the  car,  and  the  opposite  end  on  the 
basin  side  is  narrow,  so  that  it  can  enter  the  end  openings  of 
the  boats  of  average  capacity.  The  end  of  this  hopper  or 
shute  has  a  special  arrangement  which  permits  it  to  hold  the 
coal  in  the  shute  and  to  distribute  it  at  all  points  along  the 
boat.  The  handling  of  this  end  of  the  hopper  is  done  by 
means  of  a  crab  with  an  endless  screw.  The  upper  part  of 
the  hopper  is  formed  of  a  movable  table  pivoted  on  the  verti- 
cal supports  of  the  platform,  and  which  rest  on  the  hopper, 
properly  speaking.  This  movable  table  follows  the  motion  of 
the  platform.  The  hopper  is  carried  by  a  shaft  resting  on  two 
blocks  fastened  to  the  wall  of  the  wharf  ;  by  means  of  the 
crab  K  it  can  be  moved  horizontally  for  the  purpose  of  accom- 
modating it  to  the  easy  handling  of  the  boats.  This  crab  also 
serves  to  regulate  the  inclination  of  the  hoppersothat  the  coal 
will  slide  over  it  freely. 

The  apparatus  is  worked  in  this  way  :  An  ordinary  car  full 
of  coal  having  been  run  on  the  platform,  as  shown  in  the  fig- 
ure, the  blocks  are  brought  out  against  the  side  of  the  body, 
and  then  the  side  doors  of  the  car  are  opened  ;  at  the  same 
time  a  cock  is  opened  which  admits  the  liquid  from  the  accu- 
mulator into  the  hydraulic  ram.  As  soon  as  the  cock  is 
opened  the  platform  and  the  car  rise,  turning  about  the  trun- 
nions ;  the  doors  of  the  car,  which  are  swung  from  the  upper 
portion  of  the  body,  swing  out  naturally  as  the  car  is  inclined, 
and  the  coal  runs  slowly  into  the  hopper,  whence  it  falls  into 
the  boat  at  a  slow  speed.  The  raising  of  the  car  is  then  con- 
tinued until  the  door  has  an  inclination  of  about  32°,  which  is 
sufficient  to  cause  the  coal  to  run  out.  When  the  car  has  been 
completely  emptied  the  platform  is  dropped  back  again  and 
another  run  upon  it.  The  body  of  the  car  consists  of  a  single 
box  which  has  a  capacity  of  10  tons. 

With  a  single  apparatus  of  this  kind  the  Bruay  Company 
unloads  about  70  cars  a  day.  The  greatest  rapidity  which  has 
thus  far  been  obtained  is  five  cars  in  ten  minutes.  Such  an 
apparatus  will  cost  about  $2,100. 

The  Coal-Handling  Frame  of  the  Noerux  Company  (PI.  VII). — 
The  tracks  of  the  coaling  station  are  connected  with  the  un- 
loading wharf  which  is  built  along  the  docks  of  the  company, 
that  are  also  connected  with  the  Canal  of  La  Bassee  a  Aire. 
The  fixed  hopper  is  composed  of  a  stiucture  formed  of  two 
ribbed  cast-iron  cheeks  solidly  bolted  to  the  wall  of  the  wharf 
and  carrying  on  their  upper  end  a  crab  for  handling  the  mov- 
able shute.  The  bottom  of  the  hopper  is  made  of  plate  iron, 
and  stands  at  an  angle  of  about  24:.  The  movable  shute  is 
connected  with  the  fixed  hopper  by  a  neck  or  distributor  which 
can  be  put  in  any  position  about  a  vertical  axis,  and  which 
thus  serves  to  distribute  the  coal  over  the  whole  of  the  circuni- 
ference  which  is  thus  described.  The  chains  which  carry  the 
end  of  the  shute  run  over  sheaves,  and  then  come  down  to  be 
wound  up  on  drums  of  the  crab.  In  order  to  balance  the 
weight  of  the  whole  the  two  drums  are  keyed  to  the  same 
arbor  on  the  crab  and  are  provided  with  chains  which  carry 
counterweights  traveling  up  and  down  in  the  vertical  wells 
which  are  built  into  the  wall  of  the  wharf.  In  order  to  reduce 
the  weight  of  the  moving  parts  as  much  as  possible  and  to 
guarantee  their  strength  and  durability,  the  shute  and  dis- 
tributor have  been  made  of  sheet  steel,  and  the  gearing,  the 
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Fig.   10. 
LIFT   OF  THE  BRIAY  MINING  COMPANY.   CALAIS,   FRANCE. 


1»  idled  pinions,  and  the  sheaves  of  cast  or  forged  copper. 
The  rotating  movement  of  the  neck  is  obtained  in  the  follow- 
ing manner  :  The  neck  has  a  toothed  cap  which  meshes  in 
with  a  bevelled  pinion  keyed  on  the  same  shaft  as  the  wheel, 
and  driven  by  an  endless  chain.  This  crown  gear  is  guided 
by  sheaves  carried  on  a  circular  and  grooved  piece  bolted  to 
the  rounded  end  of  the  shute.  In  order  to  handle  the  appa- 
ratus the  workman  takes  the  wheel  of  the  crab  in  his  hand 
and  thus  raises  or  lowers  the  shute  and  turns  the  distributor 


by  means  of  the  endless  chain.     The  inclination  of  the  shute 
can  be  varied  from  20    to  32  . 

The  cars  an-  made  entirely  of  iron.  The  excess  of  weight  is 
compensated  for  by  the  greater  durability  and  strength  of  form 
over  that  obtained  in  wooden  cars.  Each  ear  is  composed  of 
a  truck  carrying  three  boxes  of  sheet  metal  strengthened  by 
angle  irons  and  other  special  forms.  Each  box  has  a  capacity 
of  3i  tons.  They  have  two  strong  hinges,  about  which  they 
can  turn  and  be  iiiven  such  an  inclination  as  is  desirable  on  the 
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longitudinal  sills.  ( >n  tin-  sides  standing  next  the  hopper  the 
bos  is  closed  by  a  door  pivoted  horizontally  and  engaging  iu 
clips  which  art-  Fastened  a  little  hack  and  upon  the  en 
the  car.  At  the  bottom  of  this  door  two  pins  are  fastened 
which  work  laterally  and  are  caught  when  the  box  rests  on  the 
truck  by  two  dogs  attached  to  the  sill. 

In  this  way  an  automatic  opening,  which  is  very  reliable  and 
very  simple,  is  obtained.  When  the  box  is  raiseil  at  the  back 
it  turns  about  the  hinges,  and  the  pins  on  the  door  are  gradu- 
ally set  free  from  their  dogs,  and  at  a  given  moment  the  open- 
ing is  completely  free  for  the  passage  of  the  coal.  If,  on  the 
other  hand,  the  box  is  empty  and  it  has  dropped  back  on  the 
track,  the  pins  catch  under  their  dogs  before  this  operation  is 
completed  in  consequence  of  an  eccentricity  which  is  given  to 
the  pivots  about  which  the  door  swings,  so  that  the  latter  is 
tightly  closed  when  the  box  has  come  back  to  its  normal  posi- 
tion for  transportation.  At  the  Noeux  Station  the  boxes  are 
raised  by  means  of  a  hydraulic  rain  which  moves  in  a  cylinder 


CROSS  SECTION 


At  Seraing  and  Yeineppe,  in  Belgium,  there  is  a  tumbler  of 
the  same  kind  as  that  which  we  have  just  spoken  about,  but 
whose  working  is  not  entire  ly  satisfactory,  and  leaves  some- 
thing to  be  desired.  As  we  have  seen,  there  is  no  agreement 
as  yet  as  to  the  best  method  of  loading  coal,  but  when  we  have 
given  the  situation,  the  amount  of  tralhc.  the  kind  of  coal,  and 
other  matters  which  are  to  be  loaded,  the  type  of  the  rolling 
ing  stock  and  the  motive  power  at  our  disposal,  we  can  then 
make  a  choice  of  the  best  system  to  adopt. 


EXPERIMENTS  ON  THE  EXPANSION  OF  LOCO- 
MOTIVE FIRE-BOXES. 


PLAN 


Fig.   12. 
■COAL-HAHDLTNG  FRAME  OF  THE  NOEUX  COMPANY 

oscillating  about  two  trunnions  ;  tin-  water  under  a  pressure 
from  an  accumulator  is  let  into  this  cylinder  by  a  cock.  Some 
engineers  prefer  the  oscillating  method  to  a  fixed  method  as 
being  more  simple  and  transmitting  more  useful  power  with- 
out the  use  of  connecting  rods.  At  the  loading  wharf  the 
boxes  are  raised  by  an  ordinary  crane. 

In  Germany,  in  the  basin  of  the  Ruhr,  especially  at  Ruhrort, 
there  are  some  tilting  arrangements  which  tilt  by  weights,  and 
which  work  very  well.  But  we  prefer  tumblers  delivering 
coal  on  one  side,  as  they  require  lass  attention  to  haul  the 
wagons  in  and  remove  tiiem  again.  In  other  res] 
tilting  cars  are  of  a  construction  similar  to  that  which  we  have 
just  been  speaking  about,  and  are  handled  in  the  same  way  ; 
hence  we  will  not  stop  to  discuss  them  further  at  this  point. 


In  1S92  some  experiments  were  undertaken  at  the  Batignolles 
shops  of  the  Western  Railway  Company  of  France,  for  the 
purpose  of  determining  the  kind  and  importance  of  the  rela- 
tive expansion  which  takes  place  in  different  parts  of  the  fire- 
box of  a  locomotive  toiler  while  it  is 
iniiler  pressure.  An  attempt  was  made 
at  the  same  lime  to  determine  whether 
the  method  of  supporting  the  lire-box, 
which  had  been  adopted  for  the  new 
high-speed  engines  of  the  Western  Rail- 
way Company,  would  lend  itself  readily 
to  the  movements  of  these  expansions, 
and  especially  maintain  itself  in  a  firm 
position  during  all  the  normal  conditions 
of  running.  The  bracing  which  is  re- 
ferred to  consists  of  a  system  of  trans- 
verse bars  attached  to  the  fire-box  by 
screws,  and  resting  freely  at  their  ends 
on  horizontal  brackets  riveted  to  the  out- 
side of  the  shell,  as  shown  in  fig.  1. 
When  the  fire  is  first  lighted  the  fire-box, 
which  is  of  copper,  expands  slightly  un- 
der the  direct  action  of  the  flames,  while 
the  outer  shell,  which  is  of  iron  and 
which  is  only  heated  slowly  and  follows 
the  variations  of  the  temperature  of  the 
mass  of  the  water,  expands  very  little 
and  very  much  more  slowly.  The  fire- 
box thus  first  rises  relatively  to  the  outer 
shell.  It  is  very  important,  then,  that 
this  rising  can  be  made  freely,  for  every 
resistance  which  tends  to  oppose  it  strains 
the  tube  sheet  and  tends  to  make  the 
holes  oval.  In  the  system  of  bracing 
which  is  indicated  the  crossbars  are  not 
fastened  to  the  brackets,  and  can  thus 
easily  rise  from  them  without  in  any  way 
interfering  with  the  movement  of  the 
crown  sheet.  But  it  is  also  of  equal  im- 
portance that  the  fire-box  should  not  run 
suspended  in  this  way  when  it  is  in  ser- 
vice, for  if  it  should  the  running  vibra- 
tions would  strain  the  stay  bolts  very 
greatly,  and  the  continuous  shaking 
which  would  result  would  soon  cause 
cracks  or  even  breakages  in  these  stay- 
bolts.  It  is,  therefore,  very  essential  in 
tire-boxes  under  consideration  that  the 
cross  stays  should  rest  firmly  on  their 
brackets  before  the  standard  pressure  is 
reached,  and  that  in  the  limits  between 
which  the  pressure  varies  in  services  the 
contact  shall  remain  established,  guaran- 
t  seine  the  rigidity  of  the  fire-box  while 
running.  Both  of  the  experiments  un- 
dertaken were  to  determine  whether  this 
condition  had  been  entirely  fulfilled. 

The  boiler  with  which  the  experiment 
was  made  was  removed  from  the  frames, 
and  the  mud-ring  rested  at  its  center  point  upon  foundation 
which  was  absolutely  rigid.  The  shell  of  the  boiler  was  also 
held  at  the  front  end,  and  as  a  displacement  of  the  fire-box 
would  have  falsified  the  results  of  the  experiments,  a  greased 
".■is  placed  under  the  smoke-box  to  facilitate  the  move- 
ments of  the  expansion  which  might  l>e  caused  at  the  front  end. 
The  vertical  expansions  of  the  fire-box  were  measured  di- 
rectly in  the  following  manner  :  Two  steel  rods  were  screwed 
into  the  top  of  the  crown  bars  at  the  extreme  front  and  back 
end  of  the  fire-boxes,  as  shown  in  fig.  2,  and  their  upper  ex- 
tremities came  out  of  the  shell  through  stuffing-boxes.  Fig.  :; 
gives  a  detail  of  this  arrangement.  At  the  lop  of  the  boiler 
and  near  the  end  of  the  rods  two  horizontal  scales  were  fast- 
ened independently  of  the  boiler.     The  variations  in  the  posi- 
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lions  of  the  end  of  Ihe  rods,  and  consequently  of  the  tire-box, 
were  thus  traced  on  these  scales  by  means  of  a  gauge  point. 
By  setting  two  gauges  into  prick  punch  marks  L  L ,  which 
were  made  in  the  outer  shell  of  the  tire-box  near  eacli  of  the  two 
gauge-rods  already  referred  to,  the  variations  in  the  position 
of  the  outer  shell  could  be  traced  on  the  same  scale.  This 
arrangement  permitted  the  simultaneous  measurement  at  any 
point  in  the  experiment  of  the  vertical  expansions  of  the  fire- 
box and  its  outer  shell,  and  to  follow  their  relative  movements. 
In  addition,  the  expansions  of  the  outer  shell  were  measured 
while  steam  was  being  raised  in  a  vertical  and  transverse  direc- 
tion.    The  vertical  expansions  were  measured  in  two  planes 
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Fig.  1. 

S  and  S',  fig.  2,  perpendicular  to  the  axis  of  the  boiler  and 
passing  through  the  axis  of  the  rods  attached  to  the  crown 
bars.  The  intersections  of  these  planes  with  the  external  sur- 
face of  the  fire-box  was  also  traced.  Four  points,  0,  0',  0,. 
and  Oi ',  were  then  marked  on  these  two  lines  at  the  height  of 
the  center  of  the  ring,  and  four  points,  A,  A',  A,,  and  Ax  , 
at  the  height  of  the  plane  of  contact  of  the  crown  bars  and  the 
brackets  ;  each  of  the  lengths,  0  A,  was  divided  into  four 
equal  parts  at  the  points  a,  b,  c,  etc.     The  points  0,  being  at 


The  transverse  expansions  were  measured  in  the  vertical 
plane  C  £>,  fig.  2,  drawn  at  right  angles  to  the  axis  of  the 
boiler  through  the  center  of  the  interval  which  separates  the 
two  end  crown  bars.  On  a  line  determined  by  the  intersection 
of  this  plane  with  the  external  surface  of  the  fire-box  the  fol- 
lowing points  were  marked  :  P,  P,  at  the  height  of  the  brack- 
ets, and  R,  Ri  about  4  in.  above  the  ring.  Q,  Q,  at  the  center 
of  the  interval  which  separated  thei-e  other  two  points.  Two 
vertical  scales  were  fastened  to  each  side  of  the  fire-box  and 
opposite  the  points  P,  Q,  etc.,  and  scales  of  the  small  plates  of 
zinc  were  placed,  upon  which  the  movement  of  these  points 
was  traced  by  means  of  one-point  gauges. 


Fig.  2. 

the  height  of  the  mud-ring,  were  laken  as  a  base  of  the  verti- 
cal expansions.  The  variations  of  the  intervals,  0  a,  Ob, 
etc.,  were  measured  during  heating  by  means  of  two  gauges 
having,  when  cold,  the  original  lengths  of  0  a,  0  b,  etc.  As 
for  the  arcs,  A  Au  A'  A\,  of  the  fire-box,  tig.  2,  they  were 
divided  into  four  equal  parts,  and  the  variations  of  the  inter- 
mediate arcs  were  measured  by  means  of  a  two-point  gauge 
made  in  the  same  way. 


Fig-  3- 

Before  beginning  the  heating,  the  fire-box  was  carefully 
examined  in  all  parts  to  determine  whether  its  walls,  and 
especially  the  crown  sheet,  liad  not  been  subjected  to  some 
deformation  which  could  falsify  the  results  of  the  experi- 
ments ;  the  side  sheets  were  found  to  be  perfectly  flat,  and  the 
crown-sheet  was  not  distorted  in  any  way.  They  then  made 
sure  that  there  was  an  absolute  contact  between  the  crown 
bars  and  the  brackets  which  carried  them.  Finally  it  was 
necessary  to  be  sure,  at  all  times  during  the  experiment,  that 

the  position  of  the  ring  of 
the  lire  box,  which  was  the 
base  of  all  the  measure- 
ments, remained  stationary. 
For  this  purpose  the  dis- 
tances of  each  of  the  points 
0,  from  two  fixed  points  a 
and  /?,  were  established  by 
one- point  gauges  having  the 
length  0  a.  The  intersec- 
tion of  the  two  arcs  of  the 
circles  described  from  a  and 
fi  with  0  a  and  0  [i  for  radii 
fixed  a  point  corresponding 
to  the  initial  position  of  the 
point  0.  It  was  therefore 
very  easy  to  determine  the 
displacement  which  the 
point  0  had  been  subjected 
to.  By  means  of  gauges 
fixed  in  this  way  a  trace  of 
the  pistons  corresponding  to 
the  different  temperatures 
when  cold  could  be  ob- 
served. The  tire  was  lighted 
and  the  temperature  steadily 
raised.  The  variations  of  the 
fire-box  and  of  the  outer 
shell  were  traced  simultane- 
ously every  five  minutes, 
until  the  pressure  of  the 
steam  had  risen  to  14  lbs. 
per  square  inch.  Starting 
from  this  pressure,  the  ex- 
pansions of  the  different  parts  of  the  fire-box  were  taken  at 
each  rise  of  1  kg.  (14. lit  lbs.)  in  pressure.  The  pressure  of 
1  kg.  (14.19  lbs.)  was  reached  45  minutes  after  lighting  the 
tire  ;  the  test  was  carried  on  until  a  pressure  of  11  kgs.  (156 
lbs.),  corresponding  to  the  working  pressure  of  the  boiler,  was 
reached.  This  maximum  pressure  was  reached  in  1  hour,  45 
minutes  after  lighting  the  fire.  The  positions  of  the  points 
0  and  0'  having  been  verified  during  the  rise  in  pressure  by 
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means  of  the  gauges  0  a,  they  found' that  during  the  whole  of 
the  test  the  ring  of  the  tire-box  had  been  subjected  to  do  vari 
ation  which  could  falsify  the  measurement.  The  points  <>  and 
<)',  were  slightly  moved  at  the  pressure  of  11  kgs.  (156  lbs.)  by 
about  .04  in.  toward  the  front,  and  the  points  0  and  d  by 
about  .08  in.  toward  the  back,  but  each  of  these  two  points 
remained  in  the  same  horizontal  plane. 

Pi  rtical  Expansions  <>f  tin  Shell.— the  following  table  gives 
the  value  of  the  vertical  expansions  of  the  shell  taken  at  each 
kilogram  of  pressure  : 


The  results  are  represented  graphically  by  the  curves  of  fig.  5. 
These  curves  are  constructed  in  the  following  manner  :  On  the 
axis  tl  x  three  points,  P  Q  R,  equidistant  from  each  other,  are 
taken  :  then  upon  the  ordinates  of  these  points  lengths  propor- 
tional to  the  values  observed  for  the  displacements  of  the 
points  P  Q  R,  on  a  pressure  of  1,  3,  6,  and  11  kgs.  per  square 
centimeter  (14.22,  4'2  ."iT.  85.14,  and  156  lbs.  per  square  inch), 
were  laid  out.  The  points  obtained  were  then  united  by  a 
continuous  line,  and  the  curves  thus  traced  can  be  considered 
as  representing  approximately  the   transverse   expansions  of 
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The  result  of  column  4  of  each  of  the  above  tables  is  repre- 
sented by  the  curves  of  rig.  4.  These  curves  are  constructed 
by  taking  the  pressures  for  the  abscissas  and  the  expansions 
of  the  length  O  A,  O,  .1,.  U'  A',  0\  A',  for  the  ordinates. 
The  points  0  having  been  taken  at  the  height  of  the  center  of 
the  ring,  and  the  points  .1  at  the  height  of  the  plane  of  con- 
tact of  the  crown  liars  and  the  brackets,  the  four  curves  repre- 
sent the  vertical  displacement  of  the  four  extreme  brackets, 
since,  as  has  been  stated,  the  points  O  were  not  displaced  ver- 
tically. Thus  the  full  line  curve  gives  the  vertical  displace- 
ment of  the  extreme  front  bracket  on  the  left,  and  the  (lolled 
curve  the  vertical  displacement  of  the  extreme  back  bracket 
on  the  left,  etc.  It  has,  furthermore,  been  stated  that  the 
arcs  .1  .1,,  A'  .1',  did  not  expand  regularly;  the  variations 
observed  for  the  four  equal  arcs  in  which  each  one  of  them 
bad  been  divided  was  exactly  the  same.  The  maximum  vari- 
ation measured  for  each  of  these  small  ordinates  was  .05  in. 
for  a  pressure  of  156  lbs.  to  the  square  inch. 

Tninsri  rxi  Expansions  0)  tin  Outer  Shell. — The  expansions 
measured  in  the  vertical  plane  C  d,  6g.  '-',  and  at  three  points, 
P  Q  11,  was  determined,  as  has  already  been  described.  They 
were  only  taken  at  four  intervals  corresponding  to  pressures 
of  1,  3,  6,  and  11  kgs.  per  square  centimeter  (14.22,  42.57, 
85.14,  and  156  lbs.  per  square  inch)  The  following  table 
gives  the  values  of  the  expansions  which  were  observed 

Rkjht  Side. 


the  line  P  (J  R.  fig.  2,  at  each  of  the  pressures  indicated  above. 

Vertical  Expansions  of  tin-  Fire-Box  and  the  Outer  Shell. — 
The  fire-box  expanded  rapidly  at  the  beginning  of  the  test  ; 
five  minutes  after  lighting  the  "tire  these  expansions  had  already 
amounted  to  as  much  as  .01  in.  The  variations  of  the  shell 
were  very  much  slower,  and  they  did  not  begin  to  be  appreci- 
able, showing  .006  in.,  until  20  minutes  after  lighting  the  fire. 
Nevertheless,  during  the  whole  period  of  the  beginningof  the 
heating,  the  variations  were  taken  simultaneously  for  the  fire- 
box itself  and  for  the  outer  shell,  at  intervals  of  five  minutes 
until  the  steam  pressure  reached  1  kg.  per  square  centimeter 
(14.22  lbs.  per  square  inch).  Starting  from  this  point,  the 
measurements  were  taken  only  at  intervals  of  lime  correspond- 
ing to  a  rise  of  14.22  lbs.  per  square  inch  in  pressure. 

Table  No.  III.  gives  the  values  found  for  these  variations. 

The  resulls  are  shown  graphically  and  by  curves  of  figs. 
6  and  7.  The  curves  of  tig.  6  show  the  comparative  expan- 
sions of  the  fire  box  on  the  outer  shell  during  the  period  of  the 
beginning  of  the  heating— that  is,  until  the  pressure  reached 
the  1  kg.  per  square  centimeter  (14.22  lbs.  per  square  inch). 
They  are  laid  out  by  taking  the  time  for  the  abscissas  and  the 
expansions  at  five-minute  intervals  for  the  ordinates.  The 
curves  of  tig.  7  have  been  obtained  by  taking  the  pressures  for 
the  abscissas  and  the  expansions  taken  for  each  kilogram  of 
rise  in  pressure  for  the  ordinates. 
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TABLE   III. 

Pres^cees. 

Lbs. 
14,22 

12.67 

56.89 

71.08 

85.38 

99.5 
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Time. 
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.16         .17 
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.19 
.19 
.1, 

10     .19 
.19     .10 
.19     .19 

.10     .10 

Finally,  in  order  to  compare  the  results  obtained  as  easily 
as  possible,  tlie  three  curves  showing  respectively  the  expan- 
sion of  the  firebox  and  the  different  portions  of  the  shell  have 
been  brought  together  in  the  same  figure.  Thus  the  curve  >. 
shows  the  expansions  of  the  fire-box  measured  from  the  top 
of  the  rod,  which  is  screwed  into  the  crown  bar  ;  the  curve  a 
the  expansions  of  the  outer  shell  measured  at  its  highest  poiot  : 
the  curve  >  the  expansion  of  the  shell  measured  at  the  height 
of  the  brackets  (average  of  the  expansions  of  the  right  and 
left  side). 

The  differences  in  the  ordinate  of  the  curves  /  and  f  corre- 
sponding to  the -same  abscissa  represents  at  each  moment  of 
the  test  the  distance  which  separates  the  ends  of  the  crown 
bars  from  their  brackets.  The  ordinates  of  the  curve  >■  repre- 
sent the  vertical  rise  of  the  crown  bars  increased  by  the  expan- 
sion of  the  crown  bar  itself,  and  the  rod  which  rises  from  it. 

The  ordinate  of  the  curve  "  represents  the  vertical  rise  of 
the  brackets  increased  by  the  vertical  expansion  of  the  arc 
A  Ai 

Now,  the  bend  of  this  arc  is  practically  equal  to  the  sum  of 
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creases,  and  reaches  a  maximum  of  from  .08  to  .1  in.  at  a  press- 
ure a  little  below  1  kg.  per  square  centimeter  (14.22  lbs.  per 
square  inch).  The  pressure  of  steam  upon  the  fire-box  grad- 
ually checks  this  ascensional  movement  of  the  bars  :  starting 
from  the  time  when  the  pressure  reaches  6  kg.  per  square  cen- 
timeter (85.14  lbs.  per  square  inch),  the  crown  bars  remain 
practically  stationary  :  the  pressure  of  the  steam  is  then  suffi- 
cient to  counterbalance  the  strain  of  expansion. 

At  no  time  does  the  pressure  exerted  by  the  steam  produce 

Fig.  6. 
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the  lengths  of  the  crown  bar  and  the  rod.  As  this  rod  is  of 
the  same  temperature  as  the  shell,  and  as,  on  the  other  hand, 
the  test  showed  that  the  arc  .1  J,  expands  regularly,  the  verti- 
cal expansion  of  this  arc  is  equal  to  the  sum  of  the  expansions 
of  the  crown  bar  itself  and  the  rod. 

The  ordinates  of  the  ourves  >  and  ,"  therefore  represent  re- 
spectively the  vertical  displacement  of  the  ends  of  the  crown 
bars  and  the  brackets  both  increased  by  the  same  quantity. 


Fig.  5- 

Consequentlv  the  difference  of  these  ordinates  represents  the 
interval  which  separates  the  ends  of  the  crown  bars  from  their 
brackets.  This  having  been  demonstrated,  it  is  easy  to  deduce 
from  an  examination  of  the  cur  6  and  7.  the  course  <>f 

the  phenomena  which  occur  during  tin-  expansion  and  tin- 
generation  of  a  pressure  in  the  boiler.  As  soon  as  the  tire  is 
started  the  crown  sheet  of  the  fire-box  rises  :  the  crown  bars 
leave  their  brackets  ;  the  interval  which  separates  them  in- 


any  deflection  of  the  crown  sheet-  that  is  to  say.  there  is  never 
any  negative  variation.  In  the  mean  time,  the  brackets  follow- 
ing the  variations  of  the  temperatures  of  the  mass  of  water  on 
that  of  the  fire-box  rise  slowly  and  gradually.  The  interval 
which  separates  the  ends  of  the  crown  bars  diminishes  from 
the  time  the  pressure  reaches  1  kg.  per  square  centimeter 
(14.22  lbs.  per  square  inch),  and  at  a  pressure  of  9  kgs. 

the  brackets  and  ends  of  the  crown  bars  come  together, 
and  from  this  time  on  the  contact  established  remains  fixed. 
The  test  was  only  carried  on  until  a  pressure  of  1!  . 
lbs.  1  was  reached.  The  fire  was  then  drawn  and  the  cooling 
of  the  boiler  watched.  The  variations  of  the  fire-box  and  of 
the  outer  shell  were  observed  at  decreasing  pressures.  The 
variations  measured  were  exactly  the  same  as  before  for  the 
fire  box  and  shell. 

Conclusions.— Tbe  conclusions  which  can  be  deduced  from 
this  experiment  for  boilers  of  a  type  similar  to  the  one  exam- 
ined are  as  follow-  : 

1.  On  starting  the  fire  the  crown  sheet  of  the  fire  box 
freelv.     The  crown  bars  do  not  hinder  this  movement.     They 
ri>e  with  the  crown-sheet,  anrl  are  separated  from  their  sup- 
ports. . 

2.  The  interval  which  separates  the  crown  bars  from  their 
supports  reaches  a  maximum  of  from  .08  to  .1  in.  when  the 
pressure  is  al>out  14.22  II)-.  per  square  inch. 

::.  Some  time  before  the  maximum  pressure  is  reached  the 
crown  bars  are  back  again  in  contact  with  their  suppoi 
brackets. 

4.  Finally,  under  the  normal  conditions  of  running,  the  con- 
tact remains  fixed  permanently  between  the  crown  bars  and 
their  supp  1 
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TRANSPORTING  BUILDINGS. 


I 


TnE  transportation  of  a  hotel  in  Coney  Island,  from  one  site  to 
another,  was  a  remarkable  piece-  of  work  of  its  kind.  A  sim- 
ilar work,  but  on  a  less  pretentious  scale,  has  been  recently 
executed  at  Rouen,  and  as  the  details  of  the  operation  are 
both  interesting  ami  instructive,  we  extract  our  information 
and  cuts  from  our  contemporary,  /.<  Genu  Civil.  The  build- 
ine  removed  consisted  of  a  large  shed,  constructed  of  timber 


MOVING  A  LARGE  SHED  AT  ROUEN. 

and  iron,  on  the  Poloneeau  system,  104  ft.  long  by  07  ft.  in 
width,  in  a  single  span.  There  were  12  trusses  in  all,  and  con- 
sequently 11  bays,  each  of  which  had  a  length  of  14  ft.  II  in. 
The  roof  principals  are  supported  on  double  pi>stv  as  shown 
on  figs.  1  and  2,  measuring  transversely  over  all  about  3*  ft., 
and  respectively  13  in.  and  9  in.  in  breadth.  They  rest  upon 
brick  blocks  or  small  pillars,  having  sheet  iron  beds,  and  are 
24  ft.  in  height  above  the  sill.  The  rafters  consist  of  a  trussed 
girder  2  ft.  7  in.  in  depth,  with  upper  and  lower  solid  limber 
chords,  united  by  vertical  and  diagonal  struts  and  ties,  also  of 
wood.  Double  raking  struts  are  run  from  the  half  length  and 
the  feet  of  the  side  posts  to  brace  the  whole  framework  solidly 
together.  Each  rafter  carries  live  purlins  9  in.  by  :>i  in., 
which,  together  with  the  ridge  piece  and  the  pole  plate,  sup- 
port the  common  rafters.  In  addition  to  the  truss  composing 
the  main  rafter,  the  entire  roof  principal  is  strengthened  by 
iron  in  the  following  manner  :  A  ti  -rod,  slightly  raised  at  tin- 
center,  connects  the  two  opposite  posts.  Two  cast-iron  verti- 
cal struts  attached  to  the  central  part  of  the  lower  chord  of 
the  rafter  carry  a  couple  of  iron  tie-rods,  one  of  which  is  con- 
nected with  the  ridge,  and  the  other  with  the  feet  of  the  rafters. 
Between  the  posts,  timber  bracing  in  the  form  of  St.  Andrew's 
cross,  and  horizontal  ties  are  introduced,  as  shown  in  fig.  2. 


TRUCKS   UNDER   EACH   PRINCIPAL. 

Tiles  are  used  for  the  covering,  and  the  roof  has  a  slope  of  20  . 
Adding  the  weight  of  the  rolling  load.  32  tons,  to  148  tons, 
the  weight  of  the  shed,  we  have  a  total  load  of  180  tons  to  be 
shifted. 

It  is  obvious  that  the  crucial  part  of  the  undertaking  was 
in  the  displacement  of  the  24  supporting  posts  at  one  and  tin- 
same  time.  It  was  also  absolutely  indispensable  that  this  lift- 
ing operation  should   be  accomplished   in  a  manner  which 


would  not  in  the  least  degree  alter  or  disarrange  the  relative 
positions  of  the  posts.  A  very  slight  distortion  or  deformation 
at  the  base  of  the  rectangle  formed  by  the  shed  would  have 
given  rise  to  very  serious  consequences.  Fortunately  for  the 
economical  item  in  the  transport,  the  slope  of  the  ground  over 
which  the  shed  had  to  be  moved  was  inappreciable,  and  the 
posts  when  in  their  new  position  would  only  require  to  be 
raised  some  10  in.  For  these  reasons  the  tractive,  lifting,  and 
other  mechanical  appliances  required  were  not  of  a  very  elabo- 
rate or  expensive  character,  being  composed  of  a  couple  of 
winches,  cables,  and  some  strong  blocks,  which  had  been  pre- 
viously employed  in  hoisting  some  of  the  fiat-bottomed  native 
craft  into  a  workshop  in  Rouen.  Rails,  sleepers,  wagon  axles, 
screw  jacks,  and  other  necessary  plant  were  procured  with 
facility,  and  the  construction  of  the  special  trucks  completed 
the  preparations.  Before  commencing  the  work,  the  first  step 
consisted  in  laying  down  a  rail  track  underneath  each  line  of 
posts,  as  shown  in  fig.  2,  and  then  building  round  each  double 
pillar  a  truck  mounted  upon  two  axles,  with  wheels  2  ft.  in 
diameter.  These  axles  are  4  ft.  3  in.  apart,  and  are  united  by- 
longitudinal  side  and  end  pieces  of  oak  bolted  together  aha 
forming  the  frame  of  the  truck,  figs.  2  and  3.  Upon  the  side 
pieces  are  placed  two  cross  sleepers  of  pine,  which  carry  the 
vertical  flitches  bolted  lengthways  to  the  posts.  The  cross 
sleepers  are  maintained  in  their  place  on  the  frame  of  the 
truck  by  four  chocks  bolted  on.  In  order  to  lift  a  post  on  to 
its  special  truck,  it  was  necessary  to  raise  the  sleepers  by 
screw-jacks  about  3i  in.,  and  since  they  are  bolted  to  the  post, 
the  latter  cleared  its  brick  pillar,  and  was  kept  in  place  by 
suitable  wedges  driven  in  between  the  bottom  of  the  sleepers 
and  the  side  frame  of  the  truck.  As  a  precaution  against  the 
occurrence  of  any  deformation  of  a  magnitude  likely  to  be 


CONNECTION    OF  TRUCKS  AND  HAULING  TACKLE. 

dangerous,  a  pair  of  posts  in  the  same  range  were  lifted  at  a 
time,  the  whole  3J  in.  being  divided  between  a  couple  of  lifts. 
As  Boon  as  all  the  trucks  had  received  their  loads  they  wire 
coupled  together  by  wrought-iron  rods  1J  in.  in  diameter  to 
transmit  the  traction  in  the  line  of  the  posts,  and  also  for  the 
purpose  of  preserving  the  exact  distance  between  them.  It 
was  necessary  to  arrange  the  lift  in  such  a  manner  that  when 
the  cross  sleepers  had  to  be  lowered  they  should  not  touch  the 
side  frame  of  the  truck  before  the  posts  had  taken  their  bear- 
ings upon  the  new  piers,  as  it  was  impossible  at  that  stage  of 
the  operations  to  dismount  the  axles. 

At  the  far  end  of  tin-  distance  to  be  traversed,  about  200  ft., 
and  in  alignment  with  the  axis  of  each  of  the  two  lines  of 
posts,  was  fixed  the  hauling  arrangement,  which  was  tints  in- 
stalled. A  couple  of  otik  piles,  20  ft.  long  and  14  in.  in  diam- 
eter, were  driven  into  the  ground  by  a  small  pile-driver,  one 
at  a  distance  of  30  ft.  from  the  middle  of  the  last  principal 
when  in  its  new  position,  and  about  1  ft.  out  of  the  line  of  the 
longitudinal  axis  of  the  posts.  The  other  was  driven  at  a  dis- 
tance of  only  22  ft.  from  the  same  point,  as  a  small  building 
prevented  it  being  placed  further  off.  These  piles  constitute 
the  points  d'appui  for  the  whole  of  the  haulage  :  and  to  each 
of  them  was  attached  a  block  with  three  pulleys,  1  ft.  in 
diameter,  while  another  block  was  fixed  to  a  stirrup  which 
was  fastened  to  the  two  cross  sleepers  of  the  leading  truck. 
At  each  side  of  the  two  large  mooring  piles  already  described 
another  pile  was  driven.  10  ft.  in  length  and  9  in.  in  diameter, 
which  served  as  a  fixed  point  for  the  haulage  cable,  which, 
starting  from  hen.  pa^c-s  successively  round  the  two  blocks, 
forming  a  pulley  with  six  sheaves.  It  then  winds  on  a  winch 
placed  inside  the  building  at  a  distance  of  12  ft.  from  the  line 
of  axis  of  the  posts,  and  4  ft.  from  the  line  of  the  middle  of 
the  last  principal  when  in  its  new  position. 
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The  cable  has  a  diameter  of  2  in.,  and  Ihe  winch  a  drum 
1  ft.  8  in.  in  diameter.  In  front  of  this  winch,  on  the  same 
frame,  a  second  drum  is  fixed  capable  of  turning  freely  on  its 
axis,  the  object  of  which  is  to  prevent  the  lateral  displacement 
of  the  cable  during  the  haulage.  A  reference  to  rig.  3  will 
explain  the  position  of  the  different  pieces  of  mechanism  em- 
ployed in  effecting  the  transportation  of  the  shed.  A  B  C  is  the 
graduated  plank  laid  down  along  the  whole  length  of  the  route 
to  insure  uniformity  of  progression  in  all  the  separate  trucks. 
At  ''the  pointer  is  shown  which  is  attached  to  the  leading  truck 
on  each  side,  and,  by  the  conditions  laid  down,  the  distance  or 
the  number  of  graduations  passed  over  at  any  time  is  a  known 
quantity.  The  trucks  and  the  roof  posts  are  D  and  E,  while 
F\s  the  pulley  block  through  which  the  hauling  ropes  pass  to 
the  winch.  The  fixed  point  already  mentioned  is  the  pile 
driven  at  //.  In  the  event  of  the  progression  not  being  uni- 
form for  both  lines  of  haulage,  the  men  working  the  winches 
were  signalled  to  slacken  or  accelerate  the  motion  so  as  to  pre- 
serve the  necessary  parallelism  between  the  two  lines  of  trac- 
tion. This  system  answered  exceedingly  well,  as  the  greatest 
discrepancy  did  not  exceed  a  i  in.,  while  the  smoothness  of 
the  movement  did  not  permit  of  a  single  flaw  making  its  ap- 
pearance in  the  struclure,  or  of  a  glass  breaking. 

A  useful  comparison  may  be  drawn  here  between  the  con- 
ditions attending  the  haulage  of  the  trucks  carrying  the  shed 
and  a  goods  train  composed  of  the  same  number  of  wagons. 
Each  wagon  of  the  train,  although  connected  with  its  two 
neighbors  in  front  and  rear  does  not  constitute  a  component 
part  of  a  rigid  frame,  which  would  be  destroyed  if  any  distor- 
tion or  deformation  took  place.  On  the  contrary,. the  coup- 
lings allow  a  certain  amount  of  "  play."  In  starling,  there- 
fore, a  train  of  a  dozen  wagons,  supposed  of  uniform  weight, 
Ihe  locomotive  has  to  overcome  only  one  twelfth  of  the  total 
inertia  of  the  whole  load,  as  the  wagons  get  off  successively 
and  not  simultaneously.  But  with  the  12  trucks  in  each  train 
carrying  the  posts  of  the  shed  it  was  essential  to  make  the 
attachments  of  a  solid  character  by  means  of  bracing,  so  as  to 
keep  their  relative  distances  unaltered,  and  also  before  starting 
the  total  inertia  of  the  mass  to  be  transported  had  to  be  over- 
come. The  conclusion  to  be  drawn  from  the  undertaking  we 
have  described  is,  that  in  the  horizontal  displacement  of  large 
rigid  masses,  carried  on  trucks  on  rails,  we  may  take,  without 
hiving  down  any  hard-and-fast  line,  the  coefficient  of  traction 
at  0.07  of  the  weight  of  the  load  to  be  transported. — T/ie  En- 
qineer. 


THE  USE  OF  GAS   MOTORS  IN  GERMANY. 


Mr.  Frank H.  Mason,  Consul  General  of  the  United  States 
to  Germany,  has  made  a  report  on  the  Use  of  Gas  Motors  in 
Germany,  from  which  we  make  the  following  extract  : 

"  Prominent  among  the  economies  which  hare  been  intro- 
duced during  recent  years  in  Germany  is  the  use  of  gas  motors 
in  place  of  steam-engines  in  all  the  smaller  forms  of  manufac 
turc  where  the  motive  force  required  does  not  exceed  7"i  to 
100  H.P.  At  the  Frankfort  Electrical  Exposition  of  1891 
most  of  the  dynamos  were  driven  by  gas  and  caloric  engines, 
and  the  display  of  these  motors  at  that  time  was  almost  as 
varied  and  interesting  to  the  general  public  as  that  of  Ihe  elec- 
trical apparatus  to  which  they  were  technically  subsidiary. 

There  were  in  operation  at  that  time  throughout  Germany 
about  16,000  gas  motors,  with  an  aggregate  motive  force  of 
60,000  II  P.  Since  then  the  gradual  cheapening  of  gas  and 
the  rapid  extension  of  electrical  lighting  and  electrolysis  have 
combined  to  increase  very  rapidly  the  use  of  gas  motors,  the 
effectiveness  and  economy  of  which  were  so  brilliantly  dem- 
onstrated at  the  Frankfort  Exposition.  Xo  statistics  are  avail- 
able to  show  the  precise  number  that  are  at  present  in  use  ;  but, 
as  the  two  principal  makers  of  gas-engines  in  Germany  have 
alone  made  aud  delivered  during  the  past  two  years  1,950 
motors,  it  may  fairly  be  inferred  that  the  number  in  actual 
service  in  this  country  is  not  far  short  of  24,000  or  25,000. 

Meanwhile  the  progress  that  has  been  made  in  improving 
the  machines  and  increasing  their  economy  has  been  quite  re- 
markable. The  first  gas  motors,  which  were  exhibited  and 
used  experimentally  about  1868,  were  fatally  extravagant. 
The  Lenoir  macbine,  which  was  the  best  model  known  to  Ger- 
many as  late  as  1861,  used— according  to  a  recent  .statement 
in  Kuhlow's  Trade  Review — 1,235  cub.  ft.  of  gas  per  (I. P.  per 
hour,  whereas  the  motors  now  in  use  consume  only  28  ft.  per 
H.P.  per  hour  in  small  machines,  and  in  large  sizes  as  low  as 
23.75  ft.;  so  that  21.2  cub.  ft.  of  gas  per  hour  will  run  an  in- 
candescent lamp  of  16  candle  po»Ter,  and  this  proportion  is 
said  to  have  been  reduced  in  large  plants  which  employ  motors 
of  500  H.P.  and  more  to  17.6  cub.  ft.  of  gas  per  H.P.  per 
hour. 


How  economical  such  a  motive  power  must  be  for  all  the 
smaller  forms  of  manufacture,  and  especially  for  electrical 
lighting  by  isolated  plants,  will  be  apparent  from  the  follow- 
ing tabular  statement  of  the  price  per  1,000  cub.  ft.  of  gas 
which  prevails  at  present  in  the  principal  cities  of  Germany  : 

Altona.  Bremen,  and  Mayence $1  36 

Brefeld  (with  discount  to  large  consumers) 1  32 

Brunswick,  Bonn,  and  Strasburg  (without  discount) 1  21 

Magdeburg,  Leipsic,  and  Breslau  (with  discount) 1  21 

Barmen  (with  discount) 1  19 

Danlzig  and  Dresden 114 

Berlin  and  Konigsberg  (without  discount) 1  09 

Cassel,   Dortmund,   Elberfeld,  and  Hanover  (with  dis- 
count)   1  09 

Frankfort  (with  discount)  107 

Stettin,  Essen,  and  Cologne 1  02 

Bochum 95 


AN    ENGINEER'S    CAREER    REPRESENTED 
GRAPHICALLY. 


A  short  time  ago  a  young  engineer  called  at  the  office  of 
The  American  Engineer  seeking  employment.  Among  the 
documents  which  he  submitted  as  evidences  of  his  past  experi- 
ence was  a  blue  print,  from  which  the  diagram  herewith  has 
been  engraved.  In  this  the  horizontal  distances  represent 
time,  and  the  base  line  is  divided  into  spaces  which  represent 
years,  as  indicated  by  the  figures  below  it.  The  vertical  dis- 
tances represent  his  salary,  as  indicated  by  the  horizontal  lines, 
ami  the  figures  at  the  ends  of  them  indicate  the  amounts  re- 
ceived per  month.  The  diagram  shows  that  he  began  his 
career  on  the  Canadian  Pacific  Railway  at  $50  per  month.  In 
alternating  periods  he  was  in  college,  and  with  the  Canadian 
Pacific  Road  later  at  $75  per  month.  In  1886  he  went  to  the 
Dominion  Bridge  Company,  when  the  slip-like  diagram  shows 
successive  increases  in  salary.  The  same  is  true  of  his  con- 
nection with  the  Pencoyd  Company.  Afterward  he  went  with 
the  Norfolk  &  Western  Road,  and  received  $150  when  he  left. 
Still  later  he  was  employed  by  C.  M.  Jacobs,  and  afterward 
by  Yale  &  Towne  at  $200  per  month. 


GRAPHICAL  REPRESENTATION  OF  AX  ENGINEER'S  CAREER. 

Such  a  diagram  is  an  excellent  one  for  people  out  of  em- 
ployment to  have.  It  shows  at  a  glance  what  they  have  done 
and  what  they  have  been  paid,  and  is  a  graphical  history  of 
tlieir  past  careers  and  experience. 

As  intimated  at  the  beginning  of  this  notice,  the  author  of 
this  diagram  is  out  of  employment  and  wants  a  "  job."  It  is 
safe  to  say  that  any  one  able  to  do  as  creditable  and  ingenious 
a  piece  of  work  as"  the  diagram  shown  by  our  engraving  has 
the  ability  of  making  himself  very  useful  wherever  he  may 
be  employed.  His  name  and  address  may  be  obtained  by  ad- 
dressing the  Editor  of  The  American  Engineer. 


THE  LUHRIG  COAL  WASHING  PLANT. 


At  the  September  meeting  of  the  British  Iron  and  Steel  In- 
stitute, .rallies  1' Anson,  of  Darlington,  read  a  paper  describing 
the  Luhrig  coal  washing  and  dry  separation  plant,  which  was 
then  in  process  of  construction  at  a  pit  of  the  North  Bitchburn 
Coal  Company,  Evenwood.  This  plant  is  to  handle  1,000 
tons  of  coal  per  day  as  drawn  from  Ihe  pit.  It  has  two  draw- 
ing shafts  from  which  the  coal  as  it  comes  to  bank  is  run  into 
tipplers  of  improved  construction,  whence  il  i--  delivered  by 
means  of  short  traveling  bands  on  to  the  shaking  screens,  of 


Station  at  Wkstfield.  N.  J. 


Station  at  Interlaken,  N.  J. 


Station  at  Little  Silver,  N.  J. 
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which  there  are  three,  inclined  at  a  somewhat  low  angle. 
These  screens  are  formed  of  plates  pierced  with  round  holes, 
which  insures  a  more  uniform  sizing  than  where  bar  screens 
are  employed.  Any  desired  size  of  mesh  can  be  used  by  put- 
ting a  suitable  plate  into  the  screen.  Usually  holes  of  about 
2A  in.  diameter  are  employed. 

All  the  coal  which  passes  over  these  screens  falls  on  travel- 
ing belts,  upon  which  it  is  hand  picked.  Two  of  these  belts 
are  formed  of  liars  carried  by  links,  so  that  any  small  coal  re- 
sulting from  the  cleaning  process  falls  through  the  spaces 
between  the  bars  on  to  Mat  sheets,  whence  it  is  carried  by 
scrapers,  placed  transversely  to  the  line  of  the  belt  back  on  lo 
a  transverse  traveling  belt,  delivering  it  into  a  large  hopper, 
which  also  receives  the  whole  of  the  coal  passing  through  the 
screens.  The  third  belt  is  formed  of  close  plates  instead  of 
bars,  in  order  that  it  may  be  used  for  dealing  with  unscreened 
coal  if  required,  in  which  case  a  blind  plate  is  put  into  the 
corresponding  screen  in  place  of  the  perforated  one. 

At  the  end  of  each  belt  is  a  loading  arm,  round  which  the 
belt  passes.  This  can  be  lowered  into  the  empty  truck  which 
is  to  be  rilled  by  means  of  hydraulic  power,  and  gradually 
raised  as  the  truck  fills,  thus  saving  any  appreciable  drop  and 
consequent  breakage  of  the  coal. 

"!  The  coal  passing  through  the  screens  falls  on  to  a  traveling 
belt  formed  of  plates  in  the  trough  form,  by  which  it.  is  deliv- 
ered into  a  large  hopper  situated  just  outside  the  washery 
building  and  below  rail  level.  A  second  belt,  parallel  to  the 
first,  delivers  into  trucks,  so  that  the  coal  passing  through  the 
screens  can  be  automatically  loaded  at  once,  should  it  be  de- 
sired to  send  it  away  unwashed.  Provision  is  also  made  for 
separating  nuts  of  any  required  size,  by  putting  a  second  plate 
in  the  screen,  which  can  be  delivered  on  to  the  second  travel- 
ing belt,  to  be  loaded  unwashed  if  desired. 

All  the  coal  which  goes  into  the  large  hopper  is  taken  by  an 
elevator  to  the  top  of  the  washery  building  and  delivered  into 
a  sizing  drum  or  revolving  screen,  where  it  is  sorted  into  nuts 
2£  in.  to  1A  in.,  H  in.  to  1  in.,  and  1  in.  to  #  in.  diameter  (these 
being  the  sizes  of  the  round  holes  in  the  shells  of  the  sizing 
drum),  and  small  from  $  in.  downward.  Each  size  of  nut 
then  falls  down  its  appropriate  shoot  into  its  own  washing- 
box.  These  washing-boxes  are  formed  of  wood  lined  with 
plate,  and  are  divided  longitudinally  into  two  sections  by  a 
partition  not  quite  reaching  to  the  bottom.  In  the  front  com- 
partment of  the  box  is  a  sieve  on  to  which  the  nuts  are  deliv- 
ered, and  here  they  are  met  by  the  washing  water,  forced  to 
the  top  of  the  building  by  a  centrifugal  pump. 

Near  the  top  and  to  the  front  of  the  box  is  a  longitudinal 
opening,  out  of  which  the  water  Hows,  carrying  the  washed 
coal,  while  lower  down  and  just  above  the  level  of  the  sieve 
is  another  opening  for  the  escape  of  the  refuse.  At  the  bot- 
tom of  the  box,  which  is  hopper  shaped,  is  a  valve  which  can 
be  opened  when  required  to  let  out  any  line  refuse  which  has 
passed  through  the  sieve.  The  back  compartment  of  the  box 
is  fitted  with  a  wooden  piston,  actuated  by  an  eccentric  of 
appropriate  throw,  upon  a  line  of  shafting,  the  stroke  of  the 
piston  being  proportioned  to  the  size  of  the  material  under 
treatment. 

The  washed  coal  passes  from  the  front  and  top  of  the  box 
into  a  draining  shoot,  to  which  a  vibrating  action  is  given  to 
separate  the  water  more  effectually,  and  from  the  draining 
shoot  the  nuts  are  delivered  into  loading  hoppers,  under  which 
trucks  are  run  and  loaded  through  a  sliding  door  in  the  bot- 
tom of  the  hopper. 

The  refuse,  to  some  of  which  a  certain  amount  of  coal  is 
adherent,  is  delivered  from  its  proper  exit  into  a  conveyer, 
whence  it  is  taken  to  a  pair  of  crushing  rollers  in  order  to 
separate  the  adherent  or  iutergrown  coal. 

From  this  point  it  is  taken  by  an  elevator  to  a  sizing  drum, 
graded  into  two  sizes,  and  delivered  into  two  re-washing  boxes, 
in  which  the  coal  is  recovered  and  can  be  disposed  of  as  re- 
quired. 

The  small  coal  delivered  from  the  large  sizing  drum  in  size 
of  three-eighths  and  downward,  meets  the  used  washing  water 
from  the  nut  boxes,  by  which  it  is  conveyed  into  a  grading- 
box  situated  behind  the  small  coal  washing-boxes. 

Each  section  of  the  gradingbox  delivers  its  own  size  of  coal 
into  a  washing  box  similar  in  construction  to  the  nut  washing- 
boxes,  but  having  a  layer  of  feldspar  crystals  resting  upon 
the  sieve.  The  necessary  impulse  is  given  to  water  by  pistons 
similar  to  those  already  described,  but  of  shorter  stroke,  pro- 
portioned to  the  fineness  of  the  coal  to  lie  treated.  This  bed 
of  feldspar  is  an  important  factor  in  the  washing  of  tine  coal, 
opening  and  closing  with  the  impulse  of  the  water,  and  per- 
mitting the  heavier  dirt  to  pass  through  while  the  coal  is  sus- 
pended above. 

The  washed  fine  coal  passes  out  of  the  front  of  the  boxes,  as 
already  described  iu  the  case  of  the  nuts.     The  dirt  passes 


through  the  feldspar  and  is  delivered  from  the  bottom  of  the 
boxes,  after  which  it  mixes  witli  the  product  from  the  crush- 
ing rollers,  and  is  re-washed  with  it  in  the  special  boxes  already 
described. 

The  washed  small  coal  passes  from  the  washers  into  a  drain- 
ing drum  of  .,'.,  in.  mesh,  all  the  coal  above  this  size  being 
subsequently  taken  by  an  elevator  into  str  rage  hoppers  for 
delivery  to  the  coke  ovens  or  elsewhere.  The  ettlucnt  water, 
with  ail  the  finest  coal  below  one  thirty -second,  passes  into 
the  sludge  recovery. 

The  sludge  recovery  consists  of  a  long  chamber  under  the 
building,  with  a  cemented  floor,  on  which  the  line  sludge  is 
allowed  to  settle.  In  this  chamber  is  a  slowly  moving  belt 
with  cross  scrapers,  which  scrape  the  sludge  olf  the  bottom, 
and  deliver  it  into  a  large  hopper  at  the  end  of  the  chamber, 
whence  it  is  taken  by  an  elevator,  and  can  be  cither  mixed 
with  the  small  coal  in  the  same  storage  hopper  or  kept  sepa- 
rate, as  required. 

The  degree  of  efficiency  secured  by  a  plant  such  as  is  de- 
scribed above  may  be  gauged  by  the  guarantees  given  by  the 
Luhrig  Company  in  the  case  of  the  one  erected  at  Motherwell, 
and  which  has  been  fully  borne  out  in  practice.  These  guar- 
antees are  as  follows  :  Capacity  of  plant,  1,500  tons  per  day 
of  10  hours,  on  the  basis  of  the  coal  containing  ',':!  per  cent,  of 
ash.  Ash  contained  in  washed  coal  of  five  sixteenths  to  one- 
thirty-second  not  to  exceed  6  per  cent.  The  rubbish  or  dirt 
which  has  been  washed  out  is  guaranteed  not  to  contain  more 
than  2  per  cent,  of  fine  coal.  The  cost  of  labor  is  guaranteed  not 
to  exceed  eight-tenths  of  a  penny  per  ton  of  coal  handled,  includ- 
ing labor  in  hand  picking,  sorting,  washing,  and  loading  into 
trucks.  In  practice,  it  is  found  that  the  ash  does  not  exceed 
2J  per  cent.,  the  coal  in  the  dirt  1  per  cent.,  and  the  labor 
ijl.  per  ton. — American  Gaslight  Journal. 
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On  another  page  we  give  a  fac-simile  copy  of  a  placard, 
which  gives  "  An  Abstract  of  Penalties  Imposed  by  the  Act 
of  Parliament  of  George  IV.,  for  making  the  Stockton  and 
Darlington  Railway,"  which  is  dated  July  10,  1827.  The 
original,  from  which  this  was  made,  was  among  the  papers  of 
the  late  Horatio  Allen,  and  was  probably  obtained  by  him  at 
the  time  he  was  in  England,  and  contracted  for  the  first  loco- 
motives ever  brought  to  this  country.  It  was  reduced  to  just 
half  the  linear  scale  of  the  original  in  order  to  admit  of  being 
printed  on  a  page  of  The  American  Engineer,  It  requires 
either  good  eyesight  or  strong  glasses  to  be  reatl,  but  will  re- 
pay the  close  attention  required  to  decipher  it.  Some  of  the 
rules  are  very  quaint,  and  have  an  ancient  flavor  that  is  inter- 
esting. For  example,  Ride  6,  "  Every  person  neglecting  to 
shut  Gales  made  across  the  Railway  through  which  he  shall 
pass,  shall  forfeit  a  Sum  not  exceeding  £2."  Probably  Rule  7 
might  be  adopted  in  many  places  in  this  country  to  the  advan- 
tage of  shippers.  It  reads  :  "Every  Wharfinger  giving  aPref- 
erence  to  any  Person  in  the  loading  or  unloading  of  any  Wag- 
gon or  Waggons  shall  forfeit  a  Sum  not  exceeding  £2."  • 

The  fifth  penalty  imposed  by  the  railway  company  speaks 
of  the  gauge  of  the  wheels  being  "ift.  5$  in.  from  the  out- 
side of  the  flange  of  each  wheel."  From  this  it  may  be  in- 
terred that  the  original  gauge  of  the  Stockton  &  Darlington 
Railroad  was  less  than  4  ft.  8J  in.  Tradition  tells  us  that  the 
rails  were  originally  5  ft.  over  their  outsides  and  were  2  in. 
wide,  which  would  leave  the  gauge  4  ft.  8  in.,  and  that  in 
order  to  ease  the  vehicles  on  curves  the  rails  were  spread  an 
additional  A  in.  Even  if  this  were  the  case,  the  wheels  must 
have  had  1|  in.  end  play  on  each  side,  or  24  in.  altogether, 
which  now  seems  excessive. 

It  would  be  interesting  to  know  what  our  trades-unions 
would  say  about  a  rule  like  14,  which  stipulates,  "  Every  En- 
gine -man.  Carriage-man,  or  Waggon-driver,  loading  Coals, 
Goods  or  Materials,  on  the  Company's  Waggons,  who  shall 
suffer  the  Axles  of  such  Waggons  at  their  '  bearancei  '  or  jour- 
nals to  be  without  Oil  or  Grease,  shall  forfeit  a  Sum  not  ex- 
ceeding £1." 

Regulation  25  is  also  curious.  It  stipulates  that  "Every 
Person  who  shall  refuse  to  take  the  Passing  or  Siding  Place. 
in  the  approach  of  a  Locomotive  Engine,  shall  forfeit  a  Sum 
not  exceeding  1  Ox."  The  rules  which  follow  and  which  gov- 
ern the  right  of  the  road  also  sound  curiously  in  these  days  of 
train  dispatching  and  block  signals.  Rule  28,  for  example, 
has  an  antediluvian  flavor.  It  reads,  "  Locomotive  Engines 
shall  be  exempt  from  taking  the  Sidings,  except  in  meeting 
another  Locomotive  Engine  ;  in  that  case  the  Empty  Train 
shall  take  the  Siding." 
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AN  ABSTRACT  OF  PENALTIES, 

Imposed  by  the  *1et  of  Parliament  of  Geo.  IV.  for  Making  the  said  Railway. 


tSV  r~M  wiWIHi at- »*.mr.  loit™a»&!l«<«o(ttellu«»Toli,M*c<~mli»Wnl=,o(lVa»aCljofCi»d.«<>!k«Tli»2v  ant«.K««UHC«™»<.  X^"^t!i 

.aa.har.   111. 1   I  Kt-M.li.«.il  orWt,<*rrfa>attoFr<»!.«.B<ll»fLa««*.  or  j> .  ar;  .  fab.  •.«-,«.  -  M «r.r»  asr  ^  rf  a,  Leila,  at  aa;  olhrr  PUra  tkaa  a  hat  .  a—i""""   » —>  »«~"I.  •»»" 

facfcafaf*r«jTM»^ncr^ 

t     AVV  PnMlUat,  Lm«v.  «Dn<^,iq  Rerrr,  Male.  Ate.  Co*,  or  eav  other  faille,  aye.  the  eaeJ  ReSeey.  ».  «.  P.sf  ttaW,  Am)  forbre  ■  Soar  a*  n«Ai| 

S      ANY  P ii|Mril|i  tan    TTTn   11  1  rWe.a.  althaea  Waggo.  or  other  Carnage  no*  pveerhj  rawwd-o,  except  ra  mM(  the  wear,   be  the  Oerea^r  of  aeVoraaeg  Circaee.    ae*  to  paee*.  wj  Pehte; 

wPimlr   Reeaa,  tee*  farlr*  •  bom  oat  mro**c  ' 

ETERY  Oeeerof  W^po.orr^ko,  to eater  hie  Naa*  tee  Phee  of  Ehoe>.  -. the  N'oaAor  of  k-  Waa^e*  or  olio  C««>.  ^  ^^^,rfJ^^T".^',t?iTI^'of  fc'c^l^  Nr3 


D  a  hit. 

fertei  a  !».  ae.      mill. 


1  laeeee  lac*  at  IrooT  ;  oo4  far  rtfaraag  to  peraet  sect.  U  aggoee  or  Cartage.  l< 


I.     FOR   Daaaorr.  Saoft.  or  afar*W.  eeae  to  the  <aM  Ratraar,  aai  t>  War*,  fheeee*.  or  to  aajoimac   Las*,  trr  aaj  ffiaja  or  other  Carriage,  or  the  Wagjonar  or  othea  Per 

"     W.  aaet  aaUr 


brkabrtaa;  thereto,  if- 
■art   ri      1     eo  aot  etere,  AH.  ate  Oaset  thereof  ahea  fay  Jar  laoM  of  *ech  ffctarag -.  SooO,  or  Harbrf.  aao  oifl'tarforaiTt  Saai  ool  etirrtira; 

E  EVERY  Prrroo  e^ieetreg  to  .hat  Gotat  mmm>  erreae  rhe  RaJeae  uaroarft  eh*h  aaafcait  pea^  thail  forfcit*  Su  uA  eaeeetLae 

7.  EVERY   Whec*»e$wgt.!=a;  a  Prrfrraaea  to  «r  Preao.  ia  the  ttiffia.  aa  aataaaia^  of  ear  W  agree  or  W»ej-,oa,  eUtl  forfeit  a  Sm  aot  rieeefcng 

E.  ANY  Paeaoe  east-rise;  ue  Carnage  laasaaataa  Reirear,  mm  eeetr^tatg  the  l»reue.t  thereof,  aad  rhaH  refer.  ao.-eaao>.  »e*S  Carr-#a  aha  rroeoW  to  to  do,  reeti  forfril  a  9»»  eol  eieeedjag. . . . 

>.  iSY   P-ae.  karak-ar.  tfaeariag  ooaa.  or  M>«aj.  tUafast.  or  tahjeg  ee.r.  ear  Penofiheeeie  Ra*e»».  era,,  of  the  Woraelhereee.  la  aahjerl  to  lor  the  Pataeerf   Praahara  aj  »  ta»  of  rdoa;. 

IA.  EVERY  CoJJrataaof  Teee  eho  <a*.  oeaaaa  ar  »fc*  a  greater  R*i*  vf  Tetb  thee  feeo  a;  ieeC<ae*eej.  *W]  forfeit 
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PENALTIES, 

IMPOSED  BT  THE  BYE-LAWS  OF  THE  BAILM  AY  COMPANY, 

Made  on  /A*  10th  Day  of  July,  1627. 

bag  krowtf  Of*  W.  H«M.  Cmt1^->.  «r  ttmm  t*r  •«.  ■-.;««  «p»  -»  «W  R«*r«y,  Or  iw^-fwtlr  *mi«-  tV  MM,  *b-U  fc<fct  t  £«.  aot  HM«if 

nwftf  Ah>V.  ocit-  Xw  «-t  bt  £*j»^;:-.  *fe«5  rwi^.-H  tj  wy   Prafm**.  «» -.  J  Atr«i  «  S«*t_,r  of  ttw  Caaatwr;. 


r*o«  4n»  utjr  <**f  «j;  W yrj-.  nm^  *!  :fa->  fry.  Brawbri  m  Tatts-o*  •"!««,  aWI  EerltM  «  5 
pn  i,M   f »  m  au  u»»  fLK.«>n  «.U  *  W •jr--oa  or  W«gp-oan  mtImt  fkaa  car  User  rsffcrr  a-m 


EVi-RV    DrttoNOnrtrf  «J  W.^0..  tk*  fMF  o/  tfe  ITi-^  of -tttt*  »w«  t*w*  M  tfc*  T>r**^  A  t  ftrt  ij  I»c^-»  fro.  thr  O.;*-*.  of  the  FtapoaMttHM:  wl.rUWlheTwidrf.cj 

■m  'tul  tactm.  •flkeAilH»99t«I>N<  F««  *.*n   fro.  Cr»tr*  id  Ottiv.  -tii  (ortrit  »  S«»  >»x  *i«   -^ 

EVERV  Drrrrr  or  Onrr  W  f-7  Wag-M.  not  t».-.-i>r  »«*  >««•  W«f-o-  a  pr«,>v  B*-t*k  l^r-^tU.^  lit  «>«c4  tiei^v'   **=I:  fcrfnt  *  Sea  awt  rvxt0.ag 

EVERY    DmM  Edtf^UTCwl.  i^e«e,  •*  »lV-r  Makriakv,  rtici.  >JM«  W0I01;    Wft^a  maier  &»  rir*,  or  «i»dl  br-  .tt;  Tre«  ffotx  ibj  («eh  Wag-pia,.  or  e-Stt  Um  now  tt>  prooe*4  (to*  or  mat 

a«icr>«.  tori^^^iieE^  rU**»^yt  4»W <*atr»r«  to  P.«-^t>  A»«*f.  »***  fcffet  tv 9m  not rf*c«-4ia- 

t.     EVERY  Drmrofa  WypaofWa^M  ^^tdf.f  mm.***  oatzct  U>  00-  of  1W  C«.r^j,»  swrls  <rf  aar  Wscxm  r"*^  •»  «-?  B*»I*»J-.  ^  «S  l«*»  «*  *fUtwl  or  lUii.  stall 


forfaii  a  taa  awt  »<«*{■(  - 


„     EVf  RY   Prt^.wfetk.1  prfas-  to  orwowt  aar  0  »  »  «  MWctiaa- ITir.  aW*  ^^   b.(>rkqxi  < 

Lfe  Ttaltaf  ■    or  SorrralirOrtt---.  «f  ibe  Ctas^jtrY.  >tatt  (erffft  aa.  paj  any  «-fry  •*  ta.>B7  oot-aoowl 

M.     EVERY  Omar  Coal*.  L-v.  Mn»t«ifc.  1>WL,  Coo**,  or  M  iiImIUf.  who  atatl  .-oW  *- -* 

Eta  aK»»aa>tf>Kc«  of  Traitrr  ihrrr-ao.  ctall  fariea.  mad  r»j  ta  Ita  CcaOfaey  (W  cKa>>ar  of  rgajnrlag  aota  Gee 


W«CZ°m.  MOiiW  C>t-MC*->  *«,.-■    tta  CoaajE-aj  »  Wtarb,  tl  I 
tan  (tftattvl.  a»i?  iia-;  ata>  (cftd  a  Sot*  »o(  norWiaf;  . 


II. 


A>V    AfTjat.  ar  T«U  Catactor,  taatg  trm-tf  tta  owwr  of.  or  .aama^d  u  aw  Wt^-otw  or  Honrs,  4 
■.Wtataltrof   ■ 


tuaoaUr  taa*  oa  tar   Ha*.raj.  u  tta  \V  *r£r<xu  earntaa;  or  cgnfJUf  tta  acaw 

1,  aajdalraa^BB]  aot  gacwdity 

Co»f*«»  fur  (A*  eaetnaaicr  of  P**r=z*n,   f-.:=S  or  peaaaa;  <Nt  tbr  RaiLivaT,   ansg 

if   Liyon.  Ykteaix,  or  *»J  ottar  Coooi  opoo  tar  Raiiarrj,  *..•««  km  tat  Ita  Cn»j»i.t«fr^'Sa*>-CeaaMi.l>-r,  ataU  larlnl  a  £•■*  aol  p»<r-d<os 

EVERY   raiini  aaan.'n-fcn  naif  arnait  oav  Ptaae or  Prr-oor.  rsc>ta>l  ky  UjUiU.  or  d»  t^taapatrj'r  J|-fli-' or  SrrraaW.  to  rhir  apna  aaj  UocooMUe  Kariaa,  or  aay  « agpoa  or  Cairiacr  coonrctrd 
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The  old  paper  was  worn  away  at  the  folds  and  had  to  he 
mounted  on  muslin  to  be  preserved,  and  is  an  interesting  link 
between  the  past  and  the  present. 


SUBURBAN  STATIONS  ON  THE  CENTRAL  RAIL- 
ROAD OF  NEW  JERSEY. 


During  the  past  few  years  the  Central  Railroad  of  New 
Jersey  have  been  building  a  large  number  of  model  suburban 
stations,  which  arc  not  only  tasteful  in  design  and  of  attractive 
appearance,  but  are  exceptionally  well  arranged  for  accom- 
modations of  the  class  of  traffic  for  which  they  are  intended 
to  cater.  It  will  be  remembered  that  in  our  issue  for  June, 
1893,  we  illustrated  a  club  car,  which  was  built  by  the  Harlan  & 
Hollingswortb  Company  for  this  road,  and  which,  we  believe, 
has  recently  been  put  in  service  for  club  purposes.  There  are 
a  number  of  these  cars  running  from  Plainfield  and  other  points 
into  New  York  on  regular  trains  each  day,  and  the  grow- 
iug  suburban  population,  which  ask  for  special  cars,  also  de- 
mands something  better  for  station  accommodations  than  the 
sheds,  which  have  been  too  common  on  the  roads  running  out 
of  New  York  and  doing  a  commuter  traffic.  Of  the  stations 
which  have  recently  been  built  we  have  selected  three  as  being 
typical  of  the  various  designs  presented. 

The  tirst  one  is  that  at  Westfield,  which  is  on  the  main  line 
of  the  road  ;  the  other  two  are  on  the  Long  Branch  Division, 
one  at  Interlaken  and  the  oilier  at  Little  Silver.  The  West 
field  Station  accommodates  a  larger  traffic,  and  it  will  be  seen 
from  the  photo-engraving  published  that  it  has  a  tastefully 
designed  exterior.  It  is  built  of  New  Jersey  light  sandstone. 
The  plan  of  the  building,  which  is  given  on  the  page  opposite 
that  to  the  photoengraving,  shows  the  interior  arrange- 
ment of  the  building  :  the  baggage-room  at  one  end,  with  a 
main  waiting-room  central,  having  fire-places  and  settees,  and 
into  which  opens  the  telegraph  and  ticket-office,  with  a  bay- 
window  on  the  track  side.  At  the  end  opposite  to  the  bag 
gage-room,  and  forming  an  end  symmetrical  with  it,  with  a 
bay-window  added,  is  the  women's  waiting-room,  supplied 
with  a  handsome  fireplace  and  ordinary  accommodations. 
This  station  was  designed  by  Messrs.  Peabody  &  Stearns,  of 
Boston.  It  is  unnecessary  to  enter  into  details  of  the  con- 
struction of  the  foundations  aDd  mason  work,  except  to  say 
that  the  best  quality  New  Jersey  sandstone  from  the  Stockton 
quarries  was  used  for  the  main  walls  of  the  building,  Indiana 
trimming  being  used.  All  of  the  carving  on  the  building  is 
in  relief  work.  The  floor  joists  are  supported  by  hard  brick 
piers,  and  the  chimney  and  fireplaces  and  arches  are  of  the 
same  material.  The  flues  for  the  chimneys  are-  lined  with 
terra  COtta  lining,  and  the  floor,  fireplaces,  and  hearth  with 
Pompeiian  brick  laid  in  colored  mortar.  The  floors  are  laid 
with  lin.  thickness  of  hemlock  flooring  put  on  diagonally, 
over  which  a  facing  of  Florida  comb,  clear-tongued  and 
grooved,  is  laid.  The  columns  supporting  the  roofs  are  of 
Florida  heart  pine.  Pine  is  used  for  the  doors  and  window 
sashes,  and  the  glass  coloring  of  the  windows  is  of  the 
ondoyant  colors,  carefully  selected  by  the  architect.  All  the 
interior  finishing  lumber  is  of  clear  seasoned  North  Carolina 
pine,  hand-planed  and  sand-papered  with  the  grain,  so  that  it 
could  be  handsomely  finished  in  the  natural  state.  The  seals 
are  of  five  ply  perforated  back,  with  bent  wood  arms  and 
nickel  trimmings.  The  frames  are  of  North  Carolina  pine. 
It  may  be  interesting  to  note  the  specifications  which  were 
laid  down  for  finishing  the  inside  woodwork.  All  portions  of 
it.  except  the  floor,  were  given  one  coat  of  Rosenberg's  filler 
and  two  coats  of  Rosenberg's  elastic  finish,  rubbed  down  with 
hair  and  jute,  all  putty  being  put  in  so  as  to  match  the  wood 
work  finish,  while  the  floors  were  tilled  and  given  a  wax  finish. 
The  building  is  wired  for  electric  lights  with  heavy  insulated 
wires,  and  the  ceiling  lights  are  lighted  with  through  switches 
from  the  ticket-office. 

The  other  stations— namely.  Interlaken  and  Little  Silver  - 
are  on  the  Long  Branch  Hi  vision  of  the  road  and  are  smaller, 
inasmuch  as  the  traffic  to  be  served  at  those  places  is  very 
much  less.  The  general  outside  appearance  is  clearly  shown 
by  the  engraving.  They  are  of  stone,  with  broad  covered 
platforms  extending  out  on  either  side.  The  internal  arrange 
ments  of  Little  Silver  Station  are  shown  on  the  engraving. 
There  are  two  waiting-rooms,  wilh  a  passage-way  between, 
into  which  the  windows  from  the  ticket-office  open."  The  seats 
run  around  along  one  side,  which  is  the  end  of  the  building, 
up  to  the  doors  on  either  side  in  both  rooms.  There  is  noth 
ing  particularly  novel  in  the  internal  arrangement,  and  the 
outside  is  the  most  interesting  portion  of  the  building. 

The  internal  arrangements  of  the  Interlaken  Station  is  poe- 
tically the  same.     Here  as  well  as  at  the  Little  Silver  Station, 


there  is  a  porte  cochiri  on  the  side  of  the  building  far- 
thest from  the  track,  with  a  bay-window  on  the  track  side. 
It  is  only  in  slight  modifications  that  any  differences  ex- 
ist between  the  two.  The  general  finish  and  construction 
of  the  two  buildings  are  identically  the  same.  The  stones 
used  in  the  construction  of  the  main  walls  have  split  faces  on 
the  outside,  and  were  laid  up  in  lime  and  cement  mortar.  All 
of  the  outside  finish,  such  as  the  windows  and  doors,  and  of 
the  timber  work,  such  as  the  beads,  rafters,  brackets,  etc.,  are 
of  the  best  hard  pine,  rough  hewn  and  pinned  together.  The 
finish  on  the  interior  is  the  best  hard  pine  throughout,  the 
sheathing  being  of  24  in.  strips  matched  and  beaded.  This 
sheathing  is  vertical  for  a  height  of  4  ft.  above  the  floor,  and 
above  that  it  is  horizontal.  The  joint  is  vertical  and  hori 
zontal  the  sheathing  being  covered  with  a  4-in.  simple  molded 
cap.  The  outside  and  inside  woodwork  being  of  hard  pine, 
was  given  one  coat  of  oil  and  two  coats  of  hard  oil  finish,  the 
first  coat  being  put  on  as  soon  as  the  finish  was  up.  All  out- 
side and  inside  pine  and  metal  work  was  given  three  coats  of 
hard  lead  and  oil.  It  will  thus  be  seen  that,  while  the  finish 
and  the  details  of  these  buildings  do  not  call  for  any  very 
great  expense  in  construction,  that  they  are  exceedingly  taste- 
ful and 'conveniently  designed,  so  that  it  would  seem  to  take 
away  the  last  excuse  of  those  roads  who' build  mere  boxes  for 
suburban  stations,  except  that,  of  course,  they  are  their  own 
architects — they  save  these  fees.  But  the  old  saying.  "  A  man 
who  is  his  own  lawyer  is  apt  to  have  a  poor  attorney,"  may 
lie  verily  applied  to  the  matter  of  architecture. 


SPECIAL    TOOLS    OF     THE    PHILADELPHIA    & 
READING  RAILROAD. 


TICKET-DESTROYING    M  VCHUJE. 

Heretofore  the  tools  and  machinery  which  we  have  illus- 
trated, as  connected  with  or  built  by  the  shops  of  the  railroads, 
have  been  intended  solely  for  use  in  the  shop,  lessening  tin 
cost  of  labor  on  some  special  class  of  work.  The  shops  of  the 
Philadelphia  &  Reading  Road,  however,  have  not  confined 
themselves  to  improvements  within  their  own  domain,  but 
have  built  other  machines  which  are  intended  for  use  along 
the  line  of  the  road  or  for  special  purposes,  wherein  the}' found 
that  they  could  do  this  more  economically  than  the  regular 
builders.  Among  such  tools  is  the  ticket-destroying  machine, 
of  which  we  give  complete  illustrations. 

The  plan,  side  and  front  elevations  of  the  machine  give  a 
very  complete  idea  of  its  general  construction,  and  it  will  be 
seen  to  be  exceedingly  simple.  The  idea  of  the  machine  is 
that  the  tickets  to  be  destroyed  are  put  into  the  hopper  over 
the  pair  of  mandrels  provided  with  cutting  teeth,  and  these, 
revolving  in  opposite  directions,  carry  the  tickets  down  in  be- 
tween them,  and  mutilate  them  to  such  an  extent  that  it  would 
be  impossible  to  use  them  a  second  time,  delivering  them  into 
the  tin  shute  shown  below  the  base  of  the  machine,  on  to  the 
floor  or  into  a  basket.  It  will  be  seen  that  the  framework  is  of 
wood,  and  that  the  motive  power  is  derived  by  a  treadle 
driven  by  the  foot  of  the  operator  and  steadied  by  a  heavy  fly. 
wheel,  with  a  helt  running  up  to  the  arbor  of  one  of  the  cut- 
ters. Spur  gears  meshing  wilh  each  other  drive  the  second 
arbor,  and  this  is  practically  all  there  is  of  the  machine. 

In  order  that,  others  who  may  feel  interested  in  the  duplica- 
tion of  such  a  tool  can  do  so,  we  have  given  a  very  complete 
set  of  measurements,  that  the  size  can  be  readily  seen.*  Of 
course  where  power  is  available  the  treadle  and  fly-wheel  are 
dispensed  with,  and  the  belt  will  be  carried  down  to  a  pulley 
on  the  main  arbor  from  an  ordinary  countershaft. 

CARRIER    FOIt    WHKEI.    LATHE. 

Any  one  who  has  to  do  with  the  adjustment  of  driving- 
wheels  in  the  double  beaded  wheel  lathe  knows  how  difficult 
it  is  to  secure  an  adjustment  so  that  the  bearing  of  each  face- 
plate is  steady  and  even  against  the  wheel  next  to  it.  It  is 
sometimes  the  labor  of  hours  to  get  the  wedges  so  driven  that 
each  driver  is  doing  its  own  portion  of  the  work,  and  that  the 
spring  of  the  axle  is  not  carried  from  one  wheel  to  the  other, 
causing  a  chatter  which  renders  it  impossible  to  turn  the  wheel 
smoothly  The  driver  which  is  shown  is  of  very  simple  con- 
struction, and  is  bulled  into  position  on  the  wheel  lathe  through 
the  ordinary  slots  with  T-headed  bulls,  so  lhal  it  has  an  ap 
proximate  bearing.  That  portion  of  the  driver  which  (nines 
within  the  hub  is  eccentric  with  the  outer  part,  and  is  of  a 
smaller  diameter,  and  it  i.«.  therefore,  merely  necessary,  after 
an  approximate  adjustment  has  been  made,  to  turn  it  until  a 
solid  bearing  of  the  driver  against  the  hub  is  obtained,  and 
then  to  hold  the  driver  in  that  position  by  the  set  screw  shown 
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at  the  side.  After  starting  the  lathe,  if  it  should  be  found 
that  one  driver  is  doing  more  work  than  the  other,  owing  to 
the  carelessness  or  difficulty  in  bringing  both  up  to  exactly 
the  same  stress  of  bearing,  "one  driver  can  he  moved  ahead  or 
the  other  slackened  back  according  to  the  judgment  of  the 
workman. 

THREE-CYLINDER    ENGINE. 

Most  engineers  are  familiar  with  the  wonderful  work  which 
has  been  done  by  the  three-cylinder  Brotherhood  engines  for 
high  speed,  which  are  running  dynamos  and  other  rapid  run- 
ning machinery  direct  from  their  own  shafts.     Among  the 
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trucks,  and  is  carried  about  the  shop  to  be  used  wherever 
steam  power  is  desired.  Among  the  uses  to  which  it  is  put  is 
the  boring  out  of  holes,  reaming  holes  in  frames,  etc.  One  of 
them  is  in  constant  use  in  boring  out  cylinders.  In  all  cases 
except  the  latter  they  are  connected  with  Stowe  flexible  shafts, 
which  in  turn  are  connected  to  portable  drilling  or  boring  at- 
tachments. The  engine,  as  will  be  readily  seen,  is  simple  and 
cheaply  constructed,  and  is  very  readily  handled  and  adapted 
to  all  the  various  uses  of  a  large  shop  where  portable  power 
is  required. 


PUMP  VALVES. 


At  a  recent  meeting  of  the  Institute  of  Marine  Engineers 
Mr.  W.  E.  Lilley  read  a  paper  on  "  Pump  Valves." 

Mr.  Lilley  said  that  the  subject  of  his  paper,  usually  consid- 
ered an  elementary  one,  was,  however,  of  much  interest,  and 
worthy  of  the  consideration  of  engineers,  who  found  that  it 
was  rather  by  attention  to  detail  than  to  any  radical  change 
in  the  design  of  the  engine  itself  that  the  highest  efficiency 
was  obtained.  Pumps  being  a  necessary  adjunct  to  every 
condensing  engine,  and  absorbing,  as  they  did,  a  large  amount 
of  mechanical  power,  engineers  naturally  endeavored  to  re- 
duce the  loss  under  this  head  to  a  minimum.  To  obtain  this 
result  it  was  necessary  to  consider  the  pump  valves,  which 
had  so  much  to  do  with  the  efficiency  of  the  pumps.  To  de- 
termine, then,  what  was  the  best  style  of  valves  for  a  pump, 
it  was  necessary  to  consider  what  was  required  of  the  pump, 
and  what  were  the  conditions  under  which  it  had  to  work. 
First  he  would  deal  with  the  different  kinds  of  pumps.  In 
this  paper  reciprocating  pumps  had  been  classed  as  follows  : 
1.  Plunger  pumps,  such  as  feed  pumps  ;  2.  Piston  or  double- 
acting  pumps,  such  as  combined  steam  pumps  and  some 
forms  of  circulating  pumps  ;  and  3.  Bucket  pumps  as  gener- 
ally used  for  air  and  circulating  pumps.  Among  other  desid- 
erata required  for  pumps,  the  following  were  practically  gen- 
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interesting  little  tools  in  the  shop  of  the  Philadelphia  &  Bead- 
ing Road  is  the  three-cylinder  engine,  of  which  we  give  illus- 
trations. It  is  a  single-acting  engine  with  trunk  cylinders  eel 
at  an  angle  of  120"  with  each  other.  The  cylinders  have  a 
diameter  of  2  in.  with  a  stroke  of  2  in.  They  are  lined  wilh 
steel  bushings,  and  the  trunk  packed  with  steam  packing  of 
the  ordinary  type.  The  valve  is  arranged  at  the  end  of  the 
shaft,  and  admits  and  exhausts  the  steam  consecutively  from 
the  three  cylinders.     This  particular  engine  is  mounted  on 


eral  for  all  ;  they  should  have  a  good  efficiency  under  varying 
conditions  of  speed  and  work  ;  they  should  run  free  from 
noise  and  shocks,  and  require  few  repairs.  Water  in  all  cases 
had  been  assumed  as  the  liquid  to  be  pumped,  its  viscosity 
being  neglected.  Referring  to  the  piston  pump,  a  drawing 
of  which  was  given  with  the  paper,  the  author  said  that  the 
piston  speed  in  feet  per  minute  would  be  equal  to  the  stroke 
in  feet  multiplied  by  the  number  of  strokes  per  minute.  This 
was  the  average  piston  speed,  if  the  piston  was  supposed  to  be 
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connected  similarly  a-  the  steam  piston  was  to  a  shaft  rotating 
uniformly.  The  speed  would  vary  from  nothing  at  the 
mencement  of  the  stroke  to  a  maximum  toward  the  middle  of 
the  stroke,  and  this  maximum  could  be  shown  to  be  approxi- 
mately half  as  much  again  as  the  average  speed.  The  above 
applied  equally  to  plunger  or  bucket  pomps.  Calling  atten- 
tion to  drawings  of  a  piston  and  a  plunger  pump.  Mr.  Lilley 
said  that  if  the  valves  were  supposed  to  be  arranged  as  there 
ii,  and  the  stroke  just  commencing,  water  would  flow 
into  the  pump  tanks  to  the  difference  of  pressure  in  the  pump 
chambers  ami  the  outside  source  of  supply.     Similarly  on  the 
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return  stroke,  water  flowed  out  of  the  pump  due  to  the  differ- 
ence of  pressure  in  the  pump  chamber  and  the  vessel  into 
winch  it  delivered.  This  volume  of  water  was  then  set  in 
motion  in  opposite  directions  every  double  stroke.  Should 
the  valves  be  at  some  distance  from  the  pump  chamber,  a 
volume  of  water  in  the  passages  was  also  set  in  motion  in 
opposite  directions  every  double  stroke,  and  this  to  no  useful 
purpose.     To  avoid  this  it  was  advisable,  and  might  also  be 


flowing  toward  and  from  the  pump  chamber  respectively,  the 

object  in  both  cases  being  to  give  motion  to  as  small  a  quan- 
lily  of  water  as  possible.  In'yond  that  required  by  the  pump 
at  each  stroke.  Another  reason  for  having  as  little  clearance 
as  possible,  which  was  specially  applicable  to  air  pumps,  was 
that  the  clearani  by  allowing  vapor  to  form,  caused 

the  efficiency  of  the  pumps  to  be  impaired.  The  positions  of 
tin-  valves  «  ith  regard  to  the  pump  chamber  might  be  multi- 
plied almost  indefinitely,  and  dependent  in  a  great  measure  on 
the  position  of  the  pump  itself,  the  valves  being  usually  ar- 
ranged so  Ihat  their  own  weight  helped  to  close  them.  Some 
pumps  were  made  with  a  pump  chamber 
of  larger  size  than  the  plunger,  so  that  a 
volume  of  idle  water  was  in  the  pump. 
By  this  means  it  was  pos-ilde  to  overcome 
the  objections  of  having  a  volume  of  water 
reciprocating  to  and  fro  in  the  passages, 
and  at  the  same  time  secure  favorable  po- 
sitions and  plenty  of  space  for  the  valves 
which  could  be  arranged  on  the  pump 
chamber  itself.  The  disadvantage  this  had 
was  that  in  pumping  hot  water,  if  the  dif- 
ference of  pressure  between  the  pump 
chamber  and  the  supply  or  delivery  w?s 
appreciable,  vapor  was  formed  and  im- 
paired the  efficiency  of  the  pump.  In  re- 
ciprocating piston  and  plunger  pumps  the 
continual  change  of  direction  of  the  water 
in  and  out  of  the  pump  chamber  acted  dis- 
advantageously  against  any  <rreat  piston 
speed.  If  the  piston  in  the  drawing  of  the 
piston  pump  be  supposed  to  be  moving 
with  a  quick  speed,  the  difference  of  press- 
ure between  the  pump  chamber  and  the 
outside  source  of  supply  would  be  greater 
than  if  it  were  moving  with  a  slow  speed. 
This  difference  of  pressure  would  vary  ap- 
proximately as  the  square  of  the  speed. 
The  water,  owing  to  its  inertia,  would  also 
have  to  be  acted  upc*  for  an  appreciable 
time  by  this  difference  of  pressure,  to  give  it 
the  required  velocity  of  flow  into  the  pump 
chamber.  Suppose,  then,  the  piston  .'peed 
to  be  continually  increased,  a  speed  would  be  arrived  at  in  which 
the  pump  chamber  would  be  only  partially  filled  with  water, 
Hie  water  not  having  time  to  acquire  sufficient  velocity  to  fol- 
low the  piston.  Suppose  such  a  case  to  have  happened,  that 
the  pump  chamber  was  about  half  filled  with  water  on  the  re- 
turn stroke,  the  piston  descended  and  met  the  water,  it  would 
at  this  moment  have  its  maximum  velocity  during  the  stroke, 
and  all  the  water  in  the  pump  [chamber  would  have  to  acquire 


^> 

i. 

> 


ii 


3 


THREE-CYLINDER  ENGINE.  PHILADELPHIA  &  READING   RAILROAD. 


stated  as  an  axiom,  that  there  should  be  as  little  clearance  as 
Me  between  the  pump  chamber  and  the  valves.  Some 
objections  might  be  raised  that  Ihe  water  exterior  to  the  pump 
had  also  to  be  set  in  motion,  and  that  the  closeness  of  the 
valves  was  not  of  such  consideration.  To  overcome  this  it 
was  usual  to  fit  air  vessels  close  to  the  valves,  or  to  arr 
that  the  water  in  the  supply  and  delivery  should  be  continually 


elocity  instantaneously,  together  with  the  pressure  neces- 
sary to  drive  it  through  '  into  the  delivery.  Some- 
thing, then,  in  the  nature  of  a  blow  would  take  place,  and  it 
due  to  this  cause  that  the  difficulty  of  making  high-speed 
piston  pumps  arose,  the  strains  on  the  working  parts  being 
i  as  the  speed  increased,  and  the  pump  fall- 
ing off  in  efficiency.     Bucket  pumps  had  a  great  advantage  as 
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compared  with  piston  or  plunger  pumps  in  this  respect.  The 
direction  of  the  flow  never  changed,  and  the  difference  of 
pressure  required  was  only  that  necessary  to  drive  the  water 
through  the  valves.  Supposing  a  similar  case  to  occur  as  in 
the  piston  pump,  that  the  pump  chamber  was  only  half  filled 
with  water,  on  the  bucket  meeting  the  water  only  the  surface 
of  the  water  was  affected,  thus  relieving  the  pump  and  per- 
mitting of  a  more  efficient  pump  at  high  piston  speeds.  Hav- 
ing thus  briefly  determined  the  working  of  the  pump,  the  best 
conditions  for  the  pump  valves  would  now  be  considered. 
The  area  through  the  valve-scat  should  be  as  large  as  possible. 
Various  authorities  gave  the  velocily  of  flow  through  the 
valves  from  400  ft.  to  600  ft.  per  minute,  which  corresponded 
to  a  difference  of  pressure  from  1  lb.  to  2  lbs.  between  the 
pump  chamber  and  the  source  of  supply  or  delivery.  In 
designing  the  area  through  the  valve-seats  the  conditions  under 
which  the  pump  would  be  required  to  work  must  be  consid- 
ered, since  for  the  water  to  flow  into  the  pump  an  amount  of 
energy  had  to  be  expended  in  giving  the  necessary  velocity  to 
the  water  to  flow  into  the  pump,  and  this  energy  expended 
varied  as  the  square  of  the  velocity.  If  the  strokes  per  minute 
were  constant,  the  expended  energy  would  also  have  to  be 
given  to  the  water  in  equal  times.  It  followed  that  the  differ- 
ence of  pressure  would  vary  as  the  square  of  the  velocity. 
From  this,  then,  it  would  be  evident  that  in  fast  running 
pumps  the  area  through  the  valves  should  be  as  large  as  pos- 
sible. The  area  through  the  opening  due  to  the  lift  of  the 
valves  should  be  equal  to  the  area  through  the  valve-seats. 
This  might  almost  be  said  to  be  self-evident,  and  yet  it  was 
one  of  those  tilings  most  overlooked  in  pumps,  the  lift,  as  a 
rule,  not  being  sufficient.  The  real  area  through  the  valves 
in  this  case  was  the  opening  through  the  lift  of  the  valves, 
and  the  area  of  the  valve-seat  might  be  reduced  to  that  ana 
without  throwing  any  more  work  on  the  pump.  The  valves 
should  always  be  as  light  as  possible.     Referring  to  the  draw- 


as  the  square  of  the  diameter,  while  the  lift  of  the  valve  re- 
maining the  same,  the  area  of  the  opening  varied  as  the  diam- 
eter only.  Therefore  if  the  diameter  of  the  valve  be  doubled 
it  was  necessary  to  double  the  lift.  The  above  conditions 
gave  some  guide  in  determining  the  best  forms  for  valves,  but 
much  was  still  left  to  the  discretion  of  the  designer  in  choos- 
ing that  valve  which  would  give  the  best  results  according  to 
the  conditions  under  which  the  pumps  would  have  to  work. 
The  plethora  of  good  valves  now  before  the  public,  each  hav- 
ing some  special  merit,  made  the  choice  of  the  one  to  be  selected 
for  a  particular  purpose  one  of  great  nicety  and  discrimina- 
tion. The  pioneer  engineers  in  the  early  days  of  steam  used 
leather  valves,  commonly  known  as  the  flap  or  butterfly 
valves.  These  then  gave  way  to  metal  flap  valves,  the  idea 
of  the  flap  seeming  obviously  to  have  been  taken  from  the 
leather  valves  then  in  use,  and  no  doubt  these  valves  worked 
well  in  the  days  of  low  pressure  and  slow  piston  speeds.  The 
rubber  valves  were  next  introduced,  and  so  long  as  they  had 
not  to  pump  against  any  great  pressure,  and  were  kept  free 
from  oil,  left  little  to  be  desired  in  their  working,  even  to  the 
present  time  holding  their  own  in  circulating  and  such  like 
pumps.  Oil  having  a  solvent  action  on  the  rubber,  they  were 
found  to  rapidly  deteriorate  in  the  air  pumps.  Attempts  had 
been  made  to  make  the  rubber  impervious  to  oil,  but  up  to  the 
present  unsuccessfully.  Vulcanite,  a  hardened  preparation  of 
rubber,  fiber,  asbestos,  cast-metal  valves  of  various  types,  and 
thin  rolled  phosphor  bronze  sheets  followed,  the  tendency 
being  as  the  piston  speeds  and  pressures  kept  on  increasing  for 
the  valves  to  be  lighter  and  of  stronger  section.  The  author 
then  proceeded  to  refer  in  detail  to  the  special  features  of  the 
best-known  valves  now  in  use,  and,  in  conclusion,  said  he 
hoped  that  members  would  contribute  particulars  of  any  fur- 
ther valves  which  might  not  have  been  mentioned,  so  that  the 
information  furnished  as  to  available  pump  valves  might 
fairly  cover  the  ground  as  represented  by  modern  practice. 


Fig.   1. 


Fig.  2.  Fig.   3.  Fig.  4. 

DIAGRAM  OF  CRACKS  IN  FIRE-BOX  SHEETS. 


Fig.  5- 


ing  of  the  piston  pump,  if  the  piston  be  supposed  to  be  just 
at  the  commencement  of  the  stroke,  the  delivery  valve  closed, 
and  the  suction-valve  just  upon  opening,  it  would  require  a 
certain  amount  of  energy  to  move  the  valve  off  the  seat.  A 
small  portion  of  the  stroke  would  take  place  before  there  was 
any  motion  of  the  valve  ;  then,  owing  to  the  increasing  differ- 
ence of  pressure,  the  valve  moved  with  an  increasing  velocity 
till  it  met  the  stops,  giving  up  its  energy  of  velocity  in  strik 
ing  the  stop.  This  kinetic  energy  would  be  proportional  to 
the  weight  of  the  valve  and  to  the  square  of  the  velocity. 
Similarly  on  the  down  stroke  the  valve  closed,  striking  the 
seat,  but  in  this  case  its  kinetic  energy  might  be  greater,  owing 
to  the  fact  that  the  pressure  in  the  pump  chamber  rapidly  aug- 
mented to  drive  the  water  through  the  delivery  valve,  and  the 
action  of  the  delivery  valve  would  be  precisely  the  same.  If, 
then,  the  valve  be  heavy,  it  followed  that  the  w^ear  and  tear 
due  to  hammering  or  striking  would  be  great,  also  "that  the 
valve  itself  would  be  sluggish,  owing  to  its  inertia.  To  avoid 
this,  then,  the  valves  should  be  as  light  as  possible.  The  lift 
of  the  valves  should  be  small.  Suppose  a  pump  having  valves 
whose  weights  were  the  same,  but  one  Valve  with  twice  the 
lift  of  the  others,  the  valve  with  the  greater  lift  would  have 
the  greater  velocity  on  striking  the  stop  or  valve-seat,  and  its 
kinetic  energy  would  be  approximately  twice  as  much  as  the 
one  with  the  smaller  lift.  It  was  also  important  for  the  valves 
to  open  and  close  quickly,  and  the  less  the  lift  the  better 
would  these  conditions  lie  satisfied.  The  diameter  of  the 
valves  should  be  small,  annular,  or  the  equivalent  of  having 
several  small  valves  in  one.     The  area  of  the  valve-seat  varieil 


CRACKS  IN  FIRE  BOX  SHEETS. 


At  a  recent  meeting  of  one  of  the  committees  of  the 
Master  Mechanics'  Association,  Mr.  David  Brown,  who  is 
Master  Mechanic  of  the  Delaware,  Lackawanna  &  Western 
Railroad  Company,  at  Scranton,  Pa.,  submitted  a  drawing 
showing  the  sections  of  boiler  and  fire-box,  and  points  upon  it 
marked  that  were  most  liable  to  crack  and  bulge.  This  draw- 
ing we  reproduce  in  our  engravings,  and  would  call  attention 
to  the  fact  that  it  contains  a  modification  of  the  ordinary  form 
of  boiler  construction  which  has  been  adopted  by  Mr.  Brown, 
for  the  purpose  of  overcoming  the  difficulties  which  are  most 
common  with  the  locomotive  form  of  boiler.  Fig.  1  shows  a 
cross-section  through  the  fire-box  of  a  boiler,  and  the  points 
in  flue-sheet  marked  A  are  those  points  which  are  most  likely 
to  crack.  This  Hue  sheet  is  shown  without  any  bracing,  and 
a  longitudinal  section  of  the  same  is  given  in  fig.  2,  showing 
how  likely  it  is  to  be  sprung  by  expansion  at  the  point  B.  It 
does  not  necessarily  follow  that  the  bulge  and  deformation 
shall  be  as  great  relatively  to  the  rest  of  the  boiler  as  it  is 
shown  here,  but  the  tendency  is  as  represented.  Fig.  '■>  shows 
a  design  of  flue-sheet  which  Mr.  Brown  is  using,  and  which 
is  intended  to  prevent  the  springing  illustrated  in  fig.  .. 

It  will  be  seen  that  the  lower  portion  of  the  front  sheet  has 
the  flange  carried  back  beyond  the  face  of  the  tube-sheet,  and 
to  this  the  braces  Care  pinned  with  their  other  ends  riveted 
to  the  sheet  of  the  boiler. 

The  cross  section  of  the  same  boiler  is  shown  in  fig.  4.     The 
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points  marked  D  being  the  attaching  points  to  the  due-sheet, 

eight  of  these  are  used  and  the  trouble  is  practically  overci 

It  will  be  seen  that  with  the  ordinary  tire  box,  as  shown  in 
tig.  2,  the  distance  between  the  top  stay-bolt  in  the  front  flue- 
sheet  and  the  bottom  tube  is  considerable',  anil  that  as  the  tube 
is  held  by  the  friction  of  the  expanded  portion  and  the  bead, 
the  strain  at.  that  point  must  be  far  greater  than  that  which 
should,  in  good  practice,  be  put  upon  the  tube.  By  distribut- 
ing these  stays  along  the  bottom  of  the  sheet,  as  we  have 
shown  them,  the  strain  on  the  tube  sheet  is  brought  down  to 
the  normal  point.  The  additional  expense  of  doing  Ibis  work 
is  simply  that  involved  in  the  making  of  the  braces  and  put 
ting  them  in  position,  for  no  more  iron  would  be  required  for 
the  deep  flange,  as  shown  on  the  improvement, 'than  on  the 
old,  except  that  there  would  be  a  little  less  scrap  left  from  the 
sheet. 

Fig.  5  gives  a  partial  outside  view  of  the  throat-sheet,  show- 
ing the  cracks  about  the  upper  stay-bolls  F,  which  are  caused 
by  the  strain  on  the  sheets  when  the  braces  at  I)  are  not  used. 
Every  master  mechanic  knows  the  trouble  which  he  has  with 
leaky  throat-sheets,  and  the  cracks  which  are  so  liable  to  form 
around  the  upper  stay-bolts,  so  that  the  braces  which  are  used 
here  serve  the  double  purpose,  not  only  of  preventing  the 
tube-sheet  from  becoming  distorted  and  cracked,  but  also  pro- 
tects the  throat-sheet  from  the  annoying  cracks  that  are  likely 
to  appear  around  the  upper  stay-bolts. 
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OPERATION. 

Put  1  gram  of  tine  borings  in  a  beaker  about  2\  in.  in  diam- 
eter by  3|  in.  high,  and  add  25  c.c.  of  aqua  regia.  Cover  the 
beaker  and  allow  to  dissolve  ;  then  heat  to  near  boiling  point 
of  the  solution  for  half  an  hour.  Add  25  c.c.  of  distilled 
water  and  then  20  c.c.  of  concentrated  C.  P.  ammonia,  specific 
gravity  0.90.  Then  add  50  c.c.  of  ammonium  sulphide.  The 
principal  portion  of  the  copper  and  lead  is  precipitated  as  sul- 
phides, and  the  tin  and  phosphoric  acid  are  in  solution,  which 
is  a  clear  yellow.  Digest  at  a  temperature  near  the  boiling 
point  of  the  solution  for  20  minutes.  Allow  to  settle,  then 
filter  through  a  9-cm.  filter  into  an  Erleumeyer  flask,  holding 
about  300  c.c.  The  filtration  and  washing  is  best  managed 
as  follows  :  Pour  the  clear  liquid  on  the  filter,  and  allow  most 
of  it  to  ruu  through.  Then  pour  the  remaining  liquid  along 
with  the  precipitate  on  the  filter,  and  allow  everything  that 
will  to  ruu  through.  Put  the  filter  with  the  precipitate  on  it 
back  into  the  beaker,  and  add  50  c.c.  of  the  ammonium  sul- 
phide wash  water.  Warm  and  stir  occasionally  for  10  min- 
utes to  secure  as  complete  solution  and  diffusion  of  the  soluble 
material  as  possible  ;  then  pour  everything  on  another  (liter 
and  allow  all  that  will  to  run  through.  Then  wash  on  the 
filter  with  about  50  c.c.  more  of  the  ammonium  sulphide  wash 
water.  This  gives  a  volume  of  filtrate  of  about  200  c.c.  Add 
now  to  this  filtrate  10  c.c.  of  magnesia  mixture,  and  shake  to 
secure  uniform  diffusion  of  the  precipitant.  Put  the  tlask  in 
ice  water  and  allow  to  stand  in  same  with  occasional  agita- 
tion for  two  hours.  Filter  through  a  7-cm.  filter,  and  wash 
with  ammonia  wash  water  only  until  the  washings  react 
slightly  with  silver  nitrate.  Then  add  10  c.c.  of  dilute  hydro- 
chloric acid  to  the  tlask,  and  so  manipulate  that  the  liquid 
touches  all  parts  of  the  inside  of  the  tlask  and  dissolves  any 
adhering  precipitate.  Then  with  the  liquid  in  the  tlask  dis- 
solve the  precipitate  on  the  filter,  allowing  the  solution  to  run 
into  a  small  beaker.  Wash  the  llask  anil  filter  with  the  same 
dilute  hydrochloric  acid  until  the  volume  of  the  filtrate  is 
about  30  c.c.  Add  now  5  c.c.  of  magnesia  mixture  and  10  c.c. 
of  concentrated  ('.  P.  ammonia  0.90  specific  gravity  ;  agitate 
by  stirring,  put  in  ice  water,  and  allow  to  stand  with  occa- 
sional stirring  for  two  hours.  Filler  on  a  5  cm.  filter,  wash 
with  same  ammonia  wash   water,  until  the  washings  react 


only  slightly  opalcscenl   with  silver  nitrate.     Smoke  off  the 
filter,  ignite  until  the  precipitate  is  white,  and  weigh. 

APPARATUS    AND    HKAllKNTS. 

The  apparatus  required  by  this  method  needs  no  special 
comment. 

The  aqua  regia  is  made  of  equal  parts  nitric  and  hydro- 
chloric acid  by  volume,  both  concentrated  ('    1*. 

The  C,  P.  ammonia  is  obtained  in  the  market,  specific  grav- 
ity 0.90. 

The  ammonium  sulphide  solution  is  made  by  treating  O.  P. 
ammonia,  specific  gravity  0.90,  with  B,S  until  no  further 
absorption  takes  place,  and  then  adding  two-thirds  as  much 
by  volume  of  the  same  ammonia  to  the  solution.  It  is  only 
slightly  yellow  in  color,  and  may  usually  be  obtained  in  the 
market. 

The  ammonium  sulphide  wash  water  is  made  by  adding 
three  parls  of  distilled  water  to  one  part  of  the  above  solu- 
tion, both  by  volume. 

The  magnesia  mixture  is  made  by  dissolving  60  grams  of 
crystallized  ('.  P.  magnesium  chloride  and  168  grams  of  C.  P. 
ammonium  chloride  in  780  c.c.  of  distilled  water,  and  adding 
420  c.c.  of  C.  P.  ammonia,  specific  gravity  0.90.  Allow  to 
stand  two  days  and  filter. 

The  ammonia  wash  water  is  made  by  adding  to  800  c.c.  of 
distilled  water  200  c.c.  of  C.  P.  ammonia,  specific  gravity 
0.90,  and  25  grams  of  crystalized  C.  P.  ammonium  nitrate. 
Filter  before  using. 

The  dilute  hydrochloric  acid  is  made  by  adding  1  part  con- 
centrated C.  P.  acid,  specific  gravity  1.20,  to  4  parts  distilled 
water,  both  by  volume. 

CALCULATIONS. 

The  atomic  weights  vised  are  magnesium,  21  ;  phosphorus, 
31  ;  oxygen,  10.  The  molecular  formula  of  magnesium  pyro- 
phosphate used  is  Mg.jP..,(>-. 

Since  27. '.Ki  per  cent,  of  the  magnesium  pyrophosphate  is 
phosphorus,  the  amount  of  phosphorus  in  the  precipitate  may 
be  obtained  by  the  proportion  a  :  b  ::  0.279:1  :  x,  in  which  a  rep- 
resents the  amount  of  phosphor-bronze  taken  to  start  with, 
expressed  in  grams  ;  b,  the  magnesium  pyrophosphate  ob- 
tained, also  expressed  in  grams  ;  and  x  the  phosphorus  sought, 
which  will  likewise  be  in  grams.  Then,  since  the  above  pro- 
portion gives  the  actual  amount  of  phosphorus  in  1  gram  or 
part  of  phosphor  bronze,  it  is  obvious  that  the  per  cent,  of 
phosphorus— that,  is,  the  amount  in  100  grams  orpaits,  will 
be  101)  times  this  amount.  Where  1  gram  is  taken  to  start 
with,  the  following  brief  rule  may  be  used  :  Express  the 
weight  of  magnesium  pyrophosphate  found  in  grams,  move 
the  decimal  point  two  places  to  the  right,  and  multiply  by  the 
decimal  0.2793.  Thus  if  the  magnesium  phyrophosphate 
found  is  0.0304  gram,  the  per  cent,  of  phosphorus  is  (3  04  X 
b  2793)  0.849  per  cent. 

NOTES    AM>    PMKCAUTI0NS. 

It  will  be  observed  that  this  method  oxidizes  the  phosphorus 
by  means  of  nitric  acid,  with  hydrochloric  acid  present  to 
hold  up  the  tin  ;  separates  the  phosphoric  acid  from  the  lead 
and  copper  by  means  of  ammonium  sulphide,  and  precipitates 
the  phosphoric  acid  as  ammonium  magnesium  phosphate  in 
presence  of  tin  and  ammonium  sulphides,  the  precipitate 
being  purified  by  a  second  precipitation  before  weighing. 

The  aqua  regia  used  contains  more  nitric  acid  than  is  cus- 
tomary for  Ibis  reagent.  Nitric  acid  alone  would  possibly  be 
as  good  or  perhaps  better  to  oxidize  the  phosphorus,  but  ex- 
perience shows  that  the  meta-stannic  acid  formed  when  nitric 
acid  alone  is  used  dissolves  in  the  ammonium  sulphide  with 
some  difficulty.  Incomplete  solulion  would  of  course  result 
in  loss  of  phosphorus.  Accordingly  some  hydrochloric  acid 
is  used  to  bring  the  tin  into  solution.  With  the  method  as 
recommended,  there  is  no  difficulty  with  the  tin. 

Healing  the  aqua  regia  solution  for  half  an  hour  after  the 
metal  is  in  solution  secures  complete  oxidation  of  the  phos- 
phorus, and  the  addition  of  the  water  dilutes  the  acid  suffi- 
ciently so  that  the  strong  ammonia  can  be  added  without  too 
vi'  lent  reaction. 

If  the  ammonium  sulphide  used  is  made  as  recommended, 
very  little  if  any  of  the  copper  sulphide  is  dissolved.  Strong 
yellow  sulphide  of  ammonium  gives  more  difficulty  from  this 
cause  ;  and  if  the  yellow  sulphide  is  used,  the  first  ammonium 
magnesium  phosphate  precipitate  may  be  contaminated  with 
copper  sulphide,  which  has  separated  during  the  two  hours  in 
the  iee  water.  This  copper  sulphide  may  not  cause  subsequent 
difficulty,  but  it  is  belter  not  to  have  it  present. 

The  20  minules' digestion  after  the  ammonium  sulphide  is 
added,  and  the  filtration  and  washing  recommended,  success- 
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fully  remove  tbe  phosphorus  from  the  lead  and  copper  sul- 
phides. An  examination  of  these  sulphides  by  decomposing 
them  with  nitric  acid,  separation  of  the  lead  as  sulphate,  then 
separation  of  the  copper  as  sulphide  in  acid  solution  by  means 
of  HsS  after  partial  neutralization  of  the  free  acid  with  am- 
moiiiu.  concentration  of  the  filtrate  to  small  bulk,  and  testing 
with  molybdate  of  ammonia  solution  shows  only  a  trace  of 
yellow  precipitate. 

It  is  desirable  to  have  the  bulk  of  solution  in  which  to  pre- 
cipitate the  phosphoric  acid  by  magnesia  mixture  as  small  as 
may  be,  on  account  of  the  possible  solubility  of  this  precipi- 
tate. At  the  same  time  the  lead  and  copper  sulphides  are  so 
gelatinous  that  complete  washing  on  the  filter  is  difficult. 
The  procedure  recommended  apparently  secures  the  result  de- 
sired with  the  least  amount  of  wash  water.  The  following 
experiment  has  been  made  on  this  point.  When  tbe  ammo- 
nium sulphide  solution  is  ready  to  filter,  the  total  bulk  due  to 
reagents  added  should  be  120  c  c;  but  on  account  of  evapora- 
tion and  decompositions  the  actual  bulk  was  109  c.c.  Of  this 
Jill  c.  ran  through  the  filter  after  the  clear  liquid  and  pre- 
td  been  put  on  the  filter  as  directed.  After  putting 
the  precipitate  and  filter  back  into  the  beaker,  adding  50  c.c. 
of  ammonium  sulphide  wash  water,  and  digesting  covered 
for  10  minutes,  the  bulk  of  solution,  including  the  filter,  was 
59 c.c.  Of  this  48  c.c.  ran  through  the  second  filter.  Neglect- 
ing the  volume  of  the  precipitate,  and  assuming  that  the  phos- 
phoric acid  is  uniformly  disseminated  in  the  liquid,  it  is  evi- 
dent that  eight-one  hundred  and  ninths  of  the  phosphorus  is 
left  behind  after  the  first  filtration  and  eleven  fiftv-ninths  of 
this  after  the  second  filtration.  Reducing  these  fractions,  it 
appears  that  after  all  that  will  has  run  through  the  second 
filter,  only  1.37  per  cent,  of  the  phosphorus  is  left  behind. 
As  phosphor-bronze  usually  contains  less  than  1.00  per  cent, 
of  phosphorus,  it  is  obvious  that  only  about  oue  hundredth  of 
a  per  cent,  of  phosphorus  remains  to  be  washed  out.  The 
c.  of  wash  water  recommended  is  apparently  abundant 
for  this  purpose.  In  the  above  experiment  the  measurements, 
when  the  precipitate  was  present,  were  made  in  the  beaker, 
and  must  be' regarded  as  close  approximations  only. 

The  use  of  a  flask  for  the  first  precipitation  offers  some  ad- 
vantages over  a  beaker,  the  principal  one  being  that  the  am- 
monium sulphide  is  less  exposed  to  the  air,  and  consequently 
undergoes  less  change,  with  resulting  less  probability  of  throw- 
ing down  free  sulphur  or  traces  of  sulphide  of  copper  than  if  a 
beaker  is  used.  The  flask  should  be  covered  with  a  small 
watch  glass,  but  it  is  not  necessary  to  use  a  cork  or  a  glass 
rod  for  stirring. 

Over-washing  of  the  ammonium  magnesium  phosphate  is 
to  be  avoided  as  carefully  as  under-washing.  The  directions 
given  should  be  closely  followed. 

The  precipitation  of  the  phosphoric  acid  by  excess  of  mag- 
nesia mixture,  in  presence  of  the  tin  and  ammonium  sulphides, 
seems  to  be  fully  as  satisfactory  as  in  the  presence  of  chloride 
of  ammonium  alone.  An  examination  of  the  filtrate  and  wash 
ings  from  the  first  precipitation  by  evaporation  nearly  to  dry- 
ness, taking  up  with  nitric  acid  with  just  enough  hydrochloric 
to  hold  up  th  -  'in,  and  testing  with  molybdate  solution,  shows 
only  a  trace     -  yellow  precipitate. 

It  is  not  advisable  to  weigh  without  the  second  precipita- 
tion. Although  careful  manipulation  and  the  use  of  almost 
colorless  ammonium  sulphide  may  avoid  contamination  from 
copper  sulphide,  there  is  always  danger  of  free  sulphur  in  the 
ammonium  magnesium  phosphate.  For  good  work  the  second 
precipitation  should  never  be  omitted. 

Ammonium  magnesium  phosphate  is  liable  to  be  reduced 
during  the  ignition  of  the  filter,  and  thus  lead  to  slightly  low 
results  To  obviate  this  difficulty,  the  filler  and  precipitate 
are  put  into  the  crucible  wet,  and  the  filter  "  smoked  off"  and 
then  burned.  The  "  smoking  off"  consists  in  applying  the 
heat  to  the  wet  material  in  the  crucible  so  slowly  that  the 
volati  r  of  the  filter  passes  off  without  ignition,  free 

r  being  maintained  at  the  same  time.  To  accom- 
plish Id  up  the  wet  filter  with  the  precipitate  in  it,  and 
tue  crucible.  Put  the  crucible  on  the  triangle  as  in 
ordinn  ignitions,  and  leave  the  cover  off.  Then  heat  the 
open  e  of  the  crucible  slowly.  The  filter  and  precipitate 
graduahv  dry.  and  soon  the  parts  of  the  filter  in  contact  with 
the  crucible  begin  to  distill  off  the  volatile  matter  at  low  heat, 
even  before  the  whole  is  dry.  This  process  goes  on  if  the 
Same  is  properly  adjusted,  until  in  a  little  while  everything 
that  is  volatile  at  a  l>w  temperature  has  parsed  away,  and  the 
precipitate,  with  a  black  envelop  of  carbonaceous  matter,  is 
When  this  is  the  case  the  tempeiature  can  be  raised,  the 
ell  back  to  heat  the  bottom  of  the  crucible,  aud  the 
rned  off'c  impletely.  Usually  when  the  temperature 
he  black  envelop  of  carbonaceous  matter  falls  away 
irecipitate  and  is  rapidly  consumed.     By  this  method 


of  ignition  the  matetial  is  a  little  lou^et  time  i  j  <in 
than  with  the  old  method  of  previ  >u-ly  dried  precipitates, 
but  the  danger  of  reducing  the  precipitate  is  believed  to  be 
very  much  diminished.  The  small  amount  of  nitrate  of  am- 
monia in  the  ammonia  wash  water  left  in  the  filter  paper  facili- 
tates this  operation. 

When  a  bronze  contains  only  small  amounts  of  phosphorus. 
it  is  advisable  to  start  with  2  to  5  grams.  The  manipulation 
and  proportions  of  reagents  are,  however,  the  same  except 
that  75  c.c.  of  ammonium  sulphide  should  be  used  for  the  first 
addition,  and  75  c.c.  of  ammonium  sulphide  wash  water  for 
the  second  addition,  and  about  100  c.c.  of  the  same  wash 
water  for  washing  on  the  filter.  This  gives  a  bulk  of  about 
300  c.c.  for  the  first  precipitation. 

It  seems  probable  that  the  method  described  above  in  care- 
ful hands  will  give  results  accurate  to  about  one  hundredth 
of  a.per  cent.,  although  it  is  not  rare  that  duplicate  determina- 
tions on  the  same  sample  differ  two  hundredths.  Where 
proper  care  is  given  to  each  point,  it  takes  about  seven  hours 
to  get  a  result. 


MORE  ROOM  NEEDED* 


Secretaries  of  the  Interior  and  Commissioners  of  Patents 
again  and  again  have  given  voice  to  the  crying  need  for  more 
breathing  space  for  the  men  and  women  who  work  in  the  Pat- 
ent Office  ;  and  however  much  of  sameness  it  may  entail,  an 
ever-present  menace  to  the  health  and  safety  of  these  people 
makes  the  imperative  duty  of  this  report  to  present  this  matter 
again  and  first  of  all.  On  high  authority  an  office  occupant 
needs  4,000  cub.  ft.  of  air  space  in  a  room  having  "  ordinary 
ventilation."  which  he  occupies  two  successive  hours.  Two 
hundred  and  seventy  people  in  the  examining  force  of  this 
Bureau  have  but  900  ft.  of  air  space  each,  in  rooms  which  they 
occupy  for  seven  consecutive  hours,  and  110  persons  in  the 
assignment  and  draftsman's  divisions  have  less  than  500  ft. 
of  air  space  each,  in  rooms  which  they  occupy  for  the  same 
length  of  time,  and  the  ventilation  is  not  "ordinary  ;"  it  does 
not  rise  to  that  dignity. 

Originally  the  corridors  in  the  Patent  Office  building  ran  to 
the  exterior  walls,  where  there  are  windows  admitting  light 
and  air  ;  but  supposed  necessity  has  since  located  a  room  at 
each  extremity,  converting  the  corridors  into  dead-air  spaces, 
needing  artificial  light  at  noonday.  The  corridor-walls  are 
lined  on  both  sides  with  unsightly  wooden  closets  and  file- 
cases  filled  with  record-papers.  A  great  number  of  the  force 
work  in  basement  and  sub-basement  rooms,  intended  simply 
for  storage  purposes  in  the  original  planning  of  the  building. 

There  are  stored  more  than  1,000  tons  of  copies  of  patents 
on  five  different  floors,  tucked  into  every  nook  and  corner 
where  an  eager  eye  can  discover  a  few  feet  of  available  space, 
so  disconnected  in  order  and  arrangement  that  it  not  infre- 
quently happens  that,  to  select  two  copies  standing  next  each 
other  in  number,  one  must  travel  from  the  sub-basement  to 
the  galleries,  four  stories  above.  These  copies  are  stored  upon 
these  galleries  beyond  the  limit  of  safety,  the  worst  overload- 
ing being  directly  over  the  Commissioner's  room,  and  in  that 
near  vicinity  thecracking  of  the  roof-supports  gives  daily  evi- 
dence of  the  danger  which  constantly  threatens  all  below. 

The  situation  is  serious.  It  is  one  which  in  reason  demands 
immediate  relief.  The  present  Secretary  of  the  Interior,  com- 
menting in  appreciative  and  generous  phrase  upon  this  matter 
in  his  letter  to  the  President  of  the  Senate,  dated  March  18, 
1892,  says  : 

It  is  imperatively  necessary  that  the  Department  of  the  Interior  should 
he  granted  a  public  building  in  which  to  do  its  works  and  preserve  its 
archives  commensurate  with  the  important  service  demanded  and  ihe  great 
national  services  devolved  upon  it.  As  it  is.  burdens  of  material  are  not 
only  heaped  npon  the  buildings  the  Department  occupies  beyond  their 
strength,  but  bnrdens^of  labor  are  imposed  upon  the  officials,  without  regard 
to  human  endurance. 

It  would  seem  that  no  reasonable  question  can  be  made  but 
that  the  permanent  solution  of  the  difficulty  is  thus  correct  In- 
stated ;  but  the  Patent  Office  ought  to  have  relief  meanwhile. 
The  immediate  relief  which  is  possible,  and  which  Con- 
gress has  apparently  approved  in  the  past,  is  the  present  and 
entire  removal  of  the  General  Land  Office  from  tbe  structure 
commonly  known  as  "  the  Patent  Office  building." 

By  act  approvul  March  ::.  lss;,  it  was  enacted  : 

That  as  soon  as  practicable  after  the  completion  as  provided   f«-r 
sundrv  civil  aci  approved  Anenel  fourth,  eighteen  but  dnd  aim  eighty-eix, 
atid  not  later  than  December  firs',  eighteen  hundred  and  eighty  eignt,  the 
Secretaev  of  the  Interior  shall  canse  to  be  PMnoVdi  to  the  Pensi  n  B n 
the  General  Land  Office,  Bureau  of  Education.  Office  of  Commissioner  of 
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Railroads,  and  Bureau  of  Labor,  and  vacate  the  buildings  rented  for  and 
now  occupied  by  said  offices  and  Bureaus,  or  portions  thereof. 

But  under  the  act  approved  October  2,  1888,  it  was 

Provided  further,  That  so  much  of  the  act  approved  March  third,  eigh- 
teen hundred  and  eighty-seven,  as  requires  the  removal  of  the  General  Land 
Office  and  the  Bureau  of  Education  to  said  Pension  Building  be,  and  the 
same  is  hereby  repeated. 

Congress,  however,  said  this  by  act  approved  March  8,  1891  : 

For  rent  of  buildings  for  the  Department  of  the  Interior— namely,  for 
the  Bureau  of  Education,  four  thousand  dollars  :  Geological  Survey,  ten 
thousand  dollars  :  Indian  Office,  six  thousand  dollars ;  General  Land  Of- 
fice, sixteen  thousand  dollars  ;  in  all  thirty-six  thousand  dollars. 

It  is  understood  that  less  than  $5,000  of  the  $16,000  thus  ap- 
propriated for  the  rent  of  the  General  Land  Office  was  used. 


Congress  shall  have  power  ...  to  promote  the  progress  of  science  and 
useful  arts  by  securing  for  limited  times  to  .  .  ,  inventors  the  exclusive 
right  to  their  .  .  .  discoveries. 

MORE   FORCE   NEEDED. 

The  number  of  applications  for  patent  on  hand  and  awaiting 
action  July  1,  1890.  was  0,585  ;  the  number  July  1,  1891,  was 
8,911.  During  that  year  the  work  fell  behind  2,326  cases. 
At  the  latter  date  10  persons  were  added  to  the  examining 
corps  and  four  persons  to  the  clerical  force.  The  present 
Commissioner  began  his  duties  August  1,  1891.  His  last  an- 
nual report — that  for  the  year  ending  December  31,  1891 — said  : 

Within  the  latter  half  of  the  year  just  passed  ten  persons  have  been  add- 
ed to  the  examining  corps  and  four  persons  to  the  clerical  force  of  the 
Patent  Office,  under  provision  made  for  that  purpose  by  the  last  CongreBS, 
and  ttiat  addition  is  a  most  grateful  one.  But  it  is  not  all  that  is  needed. 
The  experience  of  the  last  few  months  shows  that  the  present  examining 
corns  may  possibly  be  able  to  keep  the  work  from  falling  behind  to  a  great- 
er degree  than  it  is  at  present,  although  that  is  by  no  means  sure. 

The  number  of  applications  on  hand  and  awaiting  action 
January  1,  1893,  was  9,011,  sho.ving  an  increase,  as  compared 
with  July  1,  1891,  of  100  cases— that  is,  the  office  had  fallen 
behind  to  that  degree  in  a  year  and  a  half.  This  comparison 
seems  to  show  that  the  present  examining  force  of  the  Patent 
Office  is  about  adequate  to  the  performance  of  the  work  as  it 
comes  in.  It  really  lacks  adequacy  in  a  more  substantial  de- 
gree, for  a  large  part  of  the  examining  corps  has  been  worked 
overtime  since  October  1,  1892,  by  special  order.  It  ought 
not  to  be  necessary  to  force  the  examining  corps  to  work  over- 
time. It  is  believed  that  no  like  number  of  men  in  the  world, 
assembled  in  one  body,  has  to  perform  duties  as  delicate  and 
difficult  as  those  which  are  performed  by  the  examining  corps 
of  the  Patent  Office. 

There  are  199  of  these  examiners.     They  have  before  them, 


LOCOMOTIVE   FOR  THE  MANCHESTER  &   LIVERPOOL  RAILWAY. 
Built  in  1831  nv  R.  Stephenson  &  Co.,  Nevcastle-on  Tyne. 


Now  that  the  business  of  the  I. ami  other  is  radically  dimin- 
ishing, and  in  the  nature  of  things  must  soon  become  a  small 
matter  and  so  remain,  while  the  business  of  the  Patent  Office 
steadily  increases  and  must  continue  so  to  do,  the  attention  of 
Congress  is  earnestly  called  to  this  mode  of  relieving  the  Pat- 
ent Office  from  its  great  trouble.  In  this  connection  it  is  fair 
to  say  that  the  entire  structure  now  occupied  in  part  by  the 
Patent  Office  was  planned  as  a  Patent  Office,  and  its  construc- 
tion begun  under  an  act  approved  July  4,  ls:ifi.  Hundreds  of 
thousands  of  dollars  of  patent  fees  have  been  incorporated 
into  that  building,  and  inventors  have  now  lying  in  the  United 
States  Treasury  more  than  $4,000,000,  not  raised  under  the 
taxing  power  of  Oongress,  but  realized  under  that  clause  of 
the  Constitution  which  says  that— 


in  round  numbers,  40,000  applications  for  patent  a  year,  on 
which  are  made  something  over  145,000  separate  actions,  giv- 
ing each  examiner  an  average  of  730  actions  on  applications 
made  yearly.  In  addition  to  this,  they  hear  and  decide  a 
variety  of  motions,  chief  among  them  those  for  dissolution  of 

j   interferences,  which  are  argued  by  counsel,  pro  and  con,  and 

I  which  require  the  same  study,  thought,  and  deliberation  for 
proper  decision  as  a  case  in  a  court  of  law.  They  make  an- 
swers to  interlocutory  appeals  and  to  appeals  on  the  merits. 

(  The  principal  examiners  keep  the  efficiency  records  of  their 
divisions,  and  they  keep  the  data  for  and  render  a  number  of 

1  reports.  There  is  a  variety  of  duties  performed  by  the  ex- 
aminers outside  of  the  regular  actions  on  the  applications  for 

patents.    The  United  Slates  Supreme  Court  lias  repeatedly 
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spoken  of  patent  law  as  the  "  metaphysics  of  the  law,"  and 
that  it  is.  A  competent  examiner  must  possess  a  wide  range 
of  scientific  and  technical  knowledge,  a  trained  capacity  for 
analysis  and  comparison  of  mechanism,  a  fair  knowledge  of 
law  in  general,  and  a  thorough  knowledge  of  that  patent  law 
which  the  Supreme  Court  says  is  the  "  metaphysics  of  the 
law."  The  code  of  procedure  and  practice  in  the  Patent 
Office  is  more  complicated  than  that  of  any  court  of  law.  and 
necessarily  so.  The  necessity  inheres  in  the  nature  of  the 
work.  It  is  a  pleasure  to  be  able  to  say  that  the  great  majority 
of  the  examiners  in  the  Patent  Office  are  competent,  and  to 
repeat  the  statement  that  it  is  believed  that  there  is  no  similar 
number  of  men  in  the  world,  gathered  into  one  body,  perform- 
ing duties  as  delicate  and  difficult  as  those  performed  by  the 
examining  corps  of  the  Patent  Office.  Men  who  do  work  of 
this  character  ought  not  to  be  obliged  to  work  overtime.  Ex- 
perience in  various  fields  of  mental  labor  has  shown  that  90  per 
cent,  of  all  errors  are  made  after  five  hours  of  continuous 
work.  The  examiners  ought  to  have  ample  opportunity  for 
thought  and  deliberation,  and  the  pace  asked  of  them  ought 
to  be  one  that  can  be  reasonably  kept  from  day  to  day  and 
year  to  year.  Moreover,  their  salaries,  fixed  at  their  present 
figure  a  generation  ago,  should  be  properly  increased. 

Something  important  remains  to  be  said.  At  the  close  of 
the  calendar  year  1891  the  Patent  Office  had  issued  476,271 
mechanical  patents,  constituting  a  vast  field,  some  particular 
lines  in  which  have  to  be  explored  from  first  to  last  in  connec- 
tion with  every  one  of  the  40,000  applications  for  patent  which 
are  made  each  year.  At  the  close  of  the  calendar  year  1892 
the  Patent  Office  had  issued  498,932  patents.  Twenty-three 
thousand  new  patents  are  added  to  this  vast  field  of  explora- 
tion yearly. 

In  order  to  make  this  exploration  possible,  the  patents  are 
divided  into  classes.  But  the  classes  necessarily  so  overlap 
each  other  that  each  class  needs  to  be  digested  by  itself,  so 
that  each  examiner,  in  passing  upon  the  novelty  of  an  improve- 
ment presented  for  patent,  can  examine  all  the  classes  where 
he  is  at  all  likely  to  find  the  improvement  in  question.  Let 
this  proposition  be  illustrated  :  One  of  the  examiners  of  the 
office,  as  a  matter  of  private  enterprise,  lately  prepared  and 
published  a  digest  of  cycles  and  velocipedes,  making  1,503 
pages,  contained  in  two  volumes.  Under  the  classification  of 
the  office  all  these  improvements  are  supposed  to  be  found  in 
the  sub-classes  of  Velocipedes  and  Tires,  which  are  a  part  of 
the  division  of  Carriage  and  Wagons.  In  order,  however,  to 
perfect  a  compilation,  the  examiner  found  it  necessary  to  read 
from  150,000  to  200,000  patents  ;  comprised  in  150  other  sub- 
classes he  found  devices  which  it  was  necessary  to  include  in 
his  digest.  Only  two  or  three  such  digests  exist,  and  they 
are  the  product  of  private  enterprise.  If  all  the  classes  of 
invention  were  thus  digested,  the  work  of  examination  into 
novelty  would  be  wonderfully  facilitated,  and  at  the  same 
time  made  more  thorough  than  is  now  possible.  The  situation 
is  such  as  to  demand  the  making  of  these  digests.  It  is  ear- 
nestly recommended  that  32  additional  fourth  assistant  exam- 
iners (one  for  each  division)  be  authorized  by  law  expressly 
for  this  work  ;  that  16  additional  fourth  assistant  examiners 
be  authorized  for  the  purpose  of  bringing  the  current  work 
up  to  date  and  keeping  it  there,  and  that  $25,000  of  annual 
appropriation  be  made  to  begin  the  publication  of  the  digest. 

FOR,  THE   GOOD   OF   THE  NATION. 

It  would  almost  seem  as  if  there  were  a  halt  in  the  work- 
ings of  that  practical  wisdom  with  which  the  nation  has 
hitherto  treated  its  inventors.  The  fathers  who  builded  the 
Constitution  with  such  rare  foresight  as  to  compel  the  admira- 
tion of  the  world  in  ever-enlarging  degree  as  we  recede  from 
the  day  in  which  they  wrought,  gave  Congress  the  power  to 
promote  the  progress  of  the  useful  arts  by  securing  to  inven- 
tors for  limited  times  the  exclusive  rights  to  their  discoveries. 
The  Congress  of  1790  promptly  made  a  patent  law  in  pur- 
suance of  that  power.  The  Congress  of  1793  revised  it.  The 
Congress  of  1836  broadened  the  foundations  of  the  system, 
created  the  Commissioner  of  Patents,  and  ordered  the  build- 
ing of  the  Patent  Office,  substantially  as  it  now  exists.  The 
Congresses  of  1842,  1861  and  1*70  added  features  of  improve- 
ment. 

The  results  have  more  than  justified  the  constitutional  pro- 
vision and  the  legislation  following  in  its  wake.  America  has 
become  known  the  world  around  as  the  home  of  invention. 
We  march  in  the  van  of  human  progress.  Now  and  then  a 
great  invention,  like  the  telegraph  or  the  telephone,  leaps 
ahead  of  the  line,  but  thousands  upon  thousands  of  busy  in- 
ventive brains  add  each  its  mite  of  improvement,  and  before 
we  know  it  the  whole  line  has  moved  out  to  where  the  product 
of  mighty  genius  but  a  little  while  ago  stood  alone.  A  vastly 
larger  number  of  inventions  are  of  real  value  than  the  great 


public  dreams,  and  those  which  seem  to  fall  dead  contain 
within  them  the  seed  of  suggestion  which  later  lives  and  grows 
to  rich  fruition.  There  is  a  sad  procession  of  martyrs  mingled 
with  the  great  inventive  host,  but  the  country  and  the  world 
profit  by  their  sacrifice. 

Our  inventors  are  the  true  nation  builders,  the  true  pro- 
moters of  civilization.  They  take  nothing  from  the  public  ; 
they  ask  nothing  from  the  public  ;  they  simply  add  to  the 
sum  of  human  knowledge,  to  the  sum  of  human  possessions, 
and  to  the  sum  of  human  happiness.  With  the  Ruler  of  the 
universe  they  share  in  humble  degree  His  high  prerogative  of 
creation,  and  they  but  ask  to  enjoy  for  a  little  time  the  use  of 
the  valuable  thing  they  create.  The  Greeks  reserved  their 
highest  honors  for  inventors,  and  we  shall  sometime  attain  to 
a  civilization  of  like  degree. 

Into  every  department  of  industry  and  into  every  possible 
thing  that  can  conduce  to  human  comfort  American  inventive 
genius  has  entered,  to  cheapen  and  to  beautify.  The  Western 
farmer  may  know  it  not.  but  the  inventor  of  the  compound 
marine  engine  is  possibly  the  best  friend  he  ever  had,  and  that 
farmer  will  find  his  reward  in  ascertaining  for  himself  what 
its  effect  in  cheapening  transportation  across  the  ocean  has 
been  upon  his  fortunes.  Another  example  :  a  single  genera- 
tion ago  our  carpets  were  made  for  us  by  foreign  hands,  and 
the  prices  were  excessive.  A  great  American  inventor  pro- 
duced the  Bigelow  carpet-loom  ;  building  upon  the  faith  of  an 
American  patent,  SI, 000,000  in  one  instance  and  $1,500,000  in 
another  were  risked  upon  the  experiment.  The  result  to  day 
is  that  our  carpets  cost  about  one-third  of  what  they  did,  and 
less  than  one-hundredth  of  them  are  made  by  foreign  looms. 
Had  there  been  no  patent  law,  these  millions  would  never  have 
been  risked  in  the  experiment  so  rich  in  result  to  the  American 
people.  If  to-day  the  sewing-machine  were  produced  for  the 
first  time  and  we  had  no  patent  law,  its  inventor  would  hawk 
it  in  vain  up  and  down  the  land  to  find  that  foolish  man  who 
would  risk  $500,000  in  its  commercial  development,  with  the 
certainty  that  success  would  but  invite  a  ruinous  competition. 

If  there  be  one  class  of  men  above  all  others  to  whom  the 
American  nation  and  the  American  people  are  in  debt,  it  is 
the  American  inventors.  WI13-  not  grant  them  the  poor  boon 
of  expending  for  their  benefit  the  moneys  they  pay  ? 


LOCOMOTIVE   "SAMSON." 


We  are  indebted  to  Mr.  Clement  E.  Stretton  for  a  blue- 
print, from  which  the  accompanying  engraving  was  made. 
This  engine  was  built  for  the  Liverpool  &  Manchester  Rail- 
way in  1S31  by  Robert  Stephenson  &  Co.,  of  Newcastle,  and, 
as  Mr.  Stretton  says,  "  was  just  like  many  sent  to  America  in 
1831."  Its  resemblance  to  some  of  the  historic  locomotives  in 
this  country  will  be  recognized.  Its  cylinders  were  14  X  16 
in.,  and  the"  wheels  4  ft.  6  in.  diameter. 

It  is  not  generally  known  how  many  locomotives  were  im- 
ported to  this  country  from  England.  The  following  table 
has,  therefore,  been  compiled  from  a  Report  made  to  the 
House  of  Representatives  by  the  Secretary  of  the  Treasury  of 
the  United  States  in  1838.     In  this  report  it  is  said  : 

"Of  the  whole  number  of  locomotives  in  the  United  States 
propelled  by  steam,  being  about  350,  the  most  which  have 
been  ascertained  in  any  State  is  96,  in  the  State  of  Pennsyl- 
vania. Those  in  each  State,  respectively,  can  be  seen  in  the 
table  annexed  (V  4). 

"  None  of  them  were  introduced  here  till  a.d.  1831,  though 
they  now  run  on  nearly  1,500  miles  of  railroad.  The  first  one, 
it  is  believed,  was  in  the  State  of  Delaware,  on  the  Newcastle 
Railroad  ;  the  second,  in  Maryland,  on  the  Baltimore  &  Ohio 
Railroad  ;  and  the  third,  between  New  Orleans  and  Lake 
Pontchartrain,  in  the  State  of  Louisiana.  They  had  been  tried 
in  this  country  by  Oliver  Evans  as  early  as  1804,  and  in  Eng- 
land as  early  as  1805,  but  not  reduced"  to  useful  practice  in 
the  latter  till"  1811  for  freight,  and  in  a.d  1830  for  passengers 
and  speed.  One  succeeded  on  a  common  road,  from  London 
to  Bath,  in  1829.  Of  the  whole  number  of  other  steam  ma- 
chines in  the  United  States  (being  about  1,860),  the  State  of 
Pennsylvania  has  the  most  ascertained,  being  383.  The  num- 
ber in  some  States  is  not  accurately  ascertained  ;  but  near  300 
more  are  ascertained  and  computed  to  exist  in  Louisiana  alone. 
The  introduction  of  them  here,  and  especially  with  the  high- 
pressure  machinery,  was  much  promoted  by  Oliver  Evans 
about  a. n.  1787.  in  the  State  of  New  Jersey,  for  raising  water 
and  earth  from  mines.  The  next  was  about  1791  in  a  cotton 
factory  at  Kensington,  near  Philadelphia  :  and  soon  after  in 
saw-mills  and  iron  slitting  and  rolling  mills  at  Pittsburgh." 

This  report  shows  how  unreliable  mosl  history  is.     Tin   S 
retary  of  the   Treasury  of  the  United  states  is  called  upon  by 
Congress  to  make  a   report,  and   with  all  the  resources  of  his 


132 


THE    AMERICAN    ENGINEER 


[March,  1894. 


department  r  cords  thai  "  it  believed"  that  the  first  locomo- 
tive  was  introduced  here  in  1  131,  in  the  State  of  Delaware,  on 
the  Newcastle  Railroad,  whereas  there  is  undoubted  testimony 
that  the  first  locomotive  was  "introduced,"  although  it  was 
not  successful,  on  the  Delaware  &  Hudson  Canal  Company's 
line  in  1839. 

The  f  jllowing  is  a  copy  of  Table  V  4,  referred  to  in  the  re- 
port of  the  Secretary  : 

LOCOMOTIVE  srE\M  ENGINES  IN  KACB  STATE  IN  1838. 

LOCOM  ITIVES  AND  RilllSOAD  EsG  SE8. 


States 

N 

umber. 

Perioc 

iiitrod 
in 

when    tirst 
iced  into  use 
he  State. 

2 
None  returned. 
37 

183U 
1833 

Rhode  Island     

6 
None  returned. 
28 
:il 

% 
14 
31 

34 

5 

27 

3 

2 

1 

10 

None  returned. 

1 

6 

None  returned. 

-' 
None  returned. 

1817 

1832 

1834 
1831 

1831 
ISM 

183  \ 
1836 

1  B82 

1837 

Florida  

•  18.% 
1837 
1833 

1838 

1836 

Add  a«  an  estimate  for  those  not  re- 
Total 

337 
13 

350 

It  is  not  clear  whether  "  railroad  engines"  included  station- 
ary engines  used  on  railroads  or  not.  Probably  it  did,  so  that 
the  number  of  locomotives  in  use  in  this  country  in  1838  was 
less  than  350. 

Following  Table  V  4  is  another  which  gives  the  number  of 
"  standing  engines"  in  each  State  ;  1,616  are  reported  and  244 
"  estimated,"  or  a  total  of  1,860. 

The  stationary,  steamboat,  and  "standing"  engines  in  use 
in  different  parts  of  the  country  are  reported  separately.  From 
these  reports  the  following  table  has  been  compiled,  and  shows 
the  number  of  locomotives  in  use  in  this  country  which  had 
been  imported  from  England.  The  table  is  probably  not  en- 
tirely complete,  but  includes  82  locomotives  which  were  in  use 
in  this  country  at  that  time  which  were  made  in  England. 
Wood's  "Practical  Treatise  on  Railroads" — third  edition  — 
gives  a  table  of  locomotives  built  by  Robert  Stephenson  &  Co., 
which  includes  a  number  sent  to  this  country  which  are  not 
included  in  our  list.  Among  these  is  the  celebrated  Brother 
Jonathan  for  the  Mohawk  &  Hudson  Road.  The  list  is  inter- 
esting as  showing  what  is  not  generally  known  at  this  time, 
that  in  the  early  days  of  railroading  in  this  country  a  large 
proportion  of  the  motive  power  was  imported  from  England. 

It  is  also  interesting  at  this  time  to  see  the  names  of  Ameri- 
can builders  of  locomotives  who  were  engaged  in  that  business 
56  years  ago.  The  following  list,  made  up  from  the  report 
before  us,  will  probably  make  some  firms  known  to  many  of 
our  readers  of  whose  existence  they  never  heard. 

LOCOMOTIVE   BUII.DEUS   IN    THE    UNITED   STATES   IN    1838. 

Proprietors  Locks  and  Canal  Company Lowell,  Mass. 

M.  \V.  Baldwin Philadelphia. 

Newcastle  Manufacturing  Companv Newcastle,  Del. 

William   II.  Xonis Philadelphia. 

Seth  Boyden Newark,  N.  J. 

II.  I?   Dunham  &  Co New  York. 

Rogers,  Ketchum  A:  Grosvenor Paterson,  N.  J. 

Gillingham Baltimore,  Mil. 

West  Point  Foundry  Company 


•The  locomotives  on  the  Stonington  and  Providence  Railroad  are  re 
turned  10  the  State  of  Kln,de  Inland, 

t  Those  on  the  Baltimore  and  VVashingtonJBrancta  Railroad  are  included 
under  the  Maryland  returns. 


Sellers  &  Sons 

Garrett  &  Eastwick Philadelphia. 

Rush  &  Muhlenberg 

Bolton  &  Co Boston. 

McCluny,  Wade  &  Co Pittsburgh. 

Long  &  Norris Philadelphia. 

Thomas  W.  Smith  it  Co Alexandria,  Va. 

Watchman  &  Bratt Baltimore. 

Bason  &  Dotterer Charleston,  S.  C. 

McLeish&  Smith 

J.  Ross 

E.  K.  Dod New  York. 

♦■ 

THE  SCIENTIFIC  USES  OF  LIQUID  AIR. 

One  of  the  largest  and  most  distinguished  audiences  ever 
assembled  at  the  Royal  Institution  crowded  the  theatre  re- 
cently to  hear  Professor  Dewar's  lecture  on  the  scientific  uses 
of  liquid  air.  They  were  rewarded  with  a  lecture  containing 
matter  that  would  furnish  forth  half  a  dozen  ordinary  dis- 
courses, and  openiug  up  questions  which  years  of  labor  may 
prove  inadequate  to  answer. 

To  the  majority  of  people  liquid  air  is  only  a  scientific  mar- 
vel, to  a  few  it  presents  a  collection  of  unsolved  and  most  in- 
teresting problems,  while  at  the  Royal  Institution  it  has  be- 
come a  valuable  instrument  of  physical  research.  Produced 
in  large  quantities  and  stored  by  novel  and  ingenious  methods, 
it  is  employed  in  the  study  of  matter  at  200°  below  zero,  ex- 
actly  as  a  spirit  lamp  or  a  gas  tlame  is  used  in  studying  the 
properties  of  different  bodies  at  temperatures  equally  removed 
in  the  opposite  direction  from  the  normal.  Professor  Dewar's 
lecture  dealt  in  part  with  some  properties  of  the  liquid  itself, 
which  have  not  previously  been  studied  in  equally  favorable 
conditions,  but  was  more  particularly  concerned  with  indi- 
cating the  various  important  applications  of  a  new  and  potent 
instrument  of  physical  investigation. 

Liquid  air  was  shown  in  a  condition  which,  though  probably 
offering  notbiug  novel  to  the  eye  of  the  untrained  observer, 
is  yet  essentially  different  from  anything  hitherto  shown  on  a 
lecture  table.  It  has  always  been  seen  either  in  a  state  of 
active  ebullition  at  ordinary  pressure,  or  of  steady  evaporation 
at  the  lower  temperature  produced  by  the  action  of  an  air- 
pump.  A  few  nights  ago  it  was  shown  as  a  permanent  fluid 
giving  off  no  gas.  Or,  to  put  the  matter  another  way,  it  has 
hitherto  been  shown  imperfectly  screened  from  the  heat  of 
surrounding  bodies,  while  now  it  has  been  placed  in  such 
conditions  that  no  extraneous  heat  could  reach  it.  Formerly 
its  temperature  was  kept  down  by  its  own  evaporation,  ex- 
actly as  the  temperature  of  boiling  water  is  kept  constant  over 
the  hottest  fire.  As  exhibited  by  the  lecturer,  its  temperature 
was  kept  constant  without  loss  of  mass.  This  is  effected  In- 
placing  the  liquid  in  a  vacuum  jacket,  which  is  immersed  in 
liquid  oxygen  contained  in  a  second  vacuum  jacket  and  con- 
nected to  an  air  pump.  Convection  is  annihilated  by  a  vacuum 
which  must  be  all  but  absolute,  and  conduction  is  shut  out  by 
Ihe  surrounding  oxygen.  No  access  of  heat  is  possible  except 
by  radiation  pure  and  simple,  and  this  has  already  been  proved 
to  be,  if  not  non-existent,  at  all  events  infinilesimally  small. 
It  is  an  interesting  incident  of  the  arrangement  that  common  air 
can  be  shown  in  the  solid  condition.  The  importance  of  the 
complete  isolation  of  the  liquid  lies  in  the  fact  that  exact  ex- 
periments can  be  made  for  the  determination  of  its  specific  and 
latent  heat.  By  lowering  into  the  liquid  a  definite  mass  of 
platinum  and  measuring  the  gas  evolved,  it  is  easy  to  calcu- 
late the  heat  that  becomes  latent  in  converting  the  liquid  into 
gas.  Using  similar  methods  to  heat  the  liquid  to  a  definite 
extent  without  altering  its  condition — i.e.,  without  converting 
it  into  gas  -the  specific  heat  can  be  calculated  from  the  varia- 
tion of  pressure  as  registered  by  a  column  of  mercury. 

Taking  a  very  highly  exhausted  bulb,  containing  only  a 
little  vapor  of  mercury  at  a  pressure  of  one-millionth  of  an 
atmosphere,  and  cooling  it  with  liquid  air  until  that  minute 
portion  of  metal  was  frozen  solid,  the  lecturer  illustrated  the 
part  played  in  electrical  discharges  by  ponderable  matter.  In 
a  high  vacuum  at  2110°  below  zero  the  difficulty  of  passing  an 
electric  spark  in  any  form  becomes  almost  insuperable.  It 
would  not  be  an  extravagant  inference  from  the  phenomena 
were  we  to  atbrin  that  at  JT4:  below  zero,  when  the  rarest  gas 
known  to  us  would  have  suffered  condensation,  electrical  dis- 
charge through  the  fro/en  void  would  become  altogether  im- 
possible. But  there  are  constant  warnings  in  physical  science 
of  the  danger  of  pushing  inference  beyond  experiment,  at  all 
events  in  regions  where  we  are  approaching  the  extreme  limit 
of  our  resources.  By  enormously  increasing  its  voltage  the 
current  may  be  made  to  pass  even  through  the  frozen-out  mer- 
cury vacuum  ;  but  the  discharge  assumes  a  totally  different 
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LOCOMOTIVES  VSED  ON  RAILROADS  IN  1838  WHICH  WERE  IMPORTED   FROM   ENGLAND. 


Name  of  Railroad. 


Bangor  &  Piscataqna 


Name  of  Locomotive.       ^J^t^d"  B?  w"om  Constructed. 


Pioneer.. 

No.  6 

Boston  &  Providence 1  Whistler. 

"  "  Boston. 


Boston  &  Worcester. 


New  York. 

Lion 

Meteor 

Comet 

Rocket 

Mercury 

Jupiter 

Stephenson. 


Boston  &  Lowell 

Saratoga  &  Schenectady Fire  Fly 

"  DavyJ„"rockett 

Camden  &  Woodbury 


Camden  &  Amboy 

Paterson  &  Hudson  River, 
Philadelphia  &  Reading. ., 


Philadelphia  &  Wilmington 
Philadelphia  &  Columbia  . . . 


New  castle  &  Frenchtown 


Allegheny  Portage. 


Baltimore  &  Susquehanna 


Richmond,  Fredericksburg  &  Potomac 


Fire  Fly. 

Red  Rover. 

No.  1. 

McNeil . 

Rocket. 

Fire  Fly. 

Sp.t  Fire. 

Dragon 

Wilmington. 

Kentucky. 

John  Bull. 

Atlantic. 

Delaware. 

Pennsylvania. 

Virginia 

Phtenix . 

Delaware. 

Allegheny 

Comet 

Herald. 

No.  151 

No.  152  

Roanoke 

Richmond , 

Augusta .. 

Fredericksburg  . 

Potomac 

Louisa 

Jefferson ... 

John  Randolph  . 

Sheppard  

Stafford 

"         Patrick  Henry. . 

Robert  Morris. . 

"  "  "         Oliver  Evans... 

Petersburg Liverpool 

Greensville  &  Roanoke Nottoway 

Raleigh  &  Gaston     Meherrin 

"  "       Appomattox 

11  "       Staunton 

"  "       Petersburg 

"  "       Gaston 

"  "       Raleigh 

"  "       Roanoke 

"  "       Virginia 

Wilmington  &  Raleigh 'Wayne 

"      Nash 

"      Halifax 

"      Sampson 

South  Carolina .  Georgia 

"  "        Augusta 

u  "        William  Aiken  . 

E.  Houy 

iH.Schultz 

Sumter 

11  "        , Marion 

I   "  "        Ohio 

[[ "  "        Cincinnati 

Allen 

.   .  Kentucky 

Tennessee 

Ponchartrain  ... 

Creole 

"  Fulton 

Orleans 

Carrollton New  Orleans. . . 

Lexington  «fc  Ohio Nottoway 

"       "  Elkhorn 


Poncharlruin 


Tear. 
1836 
1836 
1833 
1835 
1886 
1836 
1834 
1835 
1835 
1835 
1835 
1832 
1832 


1833 
1832 
1833 
1837 
1837 
1837 
1837 
1836 
1835 
1835 
1835 
1831 
1832 
1833 
1832 
1833 
1834 
1837 
1832 
1837 
1837 
1S32 
1S34 
1835 
1*35 
1836 
1837 
1837 
1837 
1*37 
1837 
1837 
188J 

ls-ir 
1833 

1833 
1833 
1833 
1834 
1834 
1836 
1836 
1837 
1837 
1837 
1837 
1838 
1838 
1834 
1834 
1834 
1834 
1835 
1835 
1835 
1835 
1835 
1835 
1835 
1836 
1832 
1833 
1834 
1836 
1837 
1836 


*  It  is  not  certain  whether  these  were  English  or  American  builders. 

form,  the  diffused  phosphorescence  giving  place  to  luminous 
streaks.  It  would  seem,  therefore,  that  after  a  certain  degree 
of  rarefaction  has  been  attained  the  gaseous  molecules  are  no 
longer  sufficient  in  number  to  act  as  carriers  for  an  ordinary 
charge,  while  a  more  powerful  one  bridges  the  space  only  by 
the  aid  of  the  few  that  remain.  The  result  almost  justifies 
the  presumption  that  ponderable  matter  is  always  necessary 
for  the  passage  of  electricity  through  space,  but  at  the  same 
time  it  opens  up  the  question  whether  space  can  ever  be  wholly 
free  of  ponderable  matter.  If  a  certain  amount  of  vapor  be 
still  given  off  by  mercury  at  140°  below  its  freezing-point,  to 
what  temperature  below  minus  'ilv  must  we  suppose  hydro- 
gen to  be  cooled  in  order  to  insure  that  no  residuum  shall  re- 
main in  the  gaseous  form  ? 


How  Long  in  Use. 


Robert  Stephenson,  Newcastle Since  November  25, 1836. 


A.  L.  Stevenson.  "         5  years. 

Edward  Bury,  Liverpool 3  " 

George  Forester,  Liverpool 3  " 

Edward  Bury,  "         2  " 

Robert  Stephenson,  Manchester  (?) 4  " 

3  " 

3  " 

3  " 


M  "  Newcastle 

Robert  Stephenson  &  Co.,  F-ngland.. 

C.  Tayleur  &  Co..  Liverpool 


Swartwout.  Liverpool  

In  England 

Braithwait,  London !. 


Edward  Bury. 
Stephenson 


Robert  Stephenson,  Newcastle. 


E.  A.  Young,  Newcastle 

Robert  Stephenson  &  Co.,  EnghEd  . . 


Edward  Bury,  Liverpool 

Robert  Stephen-on,  Liverpool  1?). 
Edward  Bury,  Liverpool 


Benjamin  Hick,  Bolton. 


Summer,  Graves  &  Day.  Southampton 
Edward  Bury,  Liverpool 


Rothwell,  Newcastle 


Edward  Bury.  Liverpool . . 
Rothwell  &  Hick.  Bolton 
Edward  Bury,  Liverpool. 


.  Since  1833. 

.  5  years . 
.  5    " 
.  6    " 

4    •' 
.  2  months. 
.  2 

.  1  month. 
.  1 
.  21  months. 

3}6  years. 
.  3}6    "  . 

3J6    " 
.  Since  August,  1832. 

November.  1832. 
.      "      August,  1833. 
.      "      February,  1833. 
.  4  years. 

3    " 
.  1  year. 
.  6  jears. 
.  Not  in  use. 

.  6  years. 
.3    " 
.  2H  years . 
•  2H    - 
.2 

1H     " 
U   year. 
«   ""1 

a    ■■ 

&   " 

Ha     ■' 

hi       " 
Since  1833. 


C.  Tayleur  &  Co.,  Warrington. 


Ednard  Bury.  Liverpool. 
Benjamin  Hick,  Bolton.. 
Robert  Stephenson 


D.  &  I.  Burr  &  Co.* 

Edward  Bury,  Liverpool 

Stephenson  &  Co.,  Liverpool. 

Rotawell,  Bolton 

Stephenson  &  Co.,  Liverpool. 


Tayleur,  Liverpool . 


•;      1836. 

;;  is:ir- 

14  months. 

14 

3 

1  month. 
Half  the  time. 

One-fourth  the  time, 
one  fifth        "     " 

One-third       "     " 


One-fifth 

One-fourth 

One-fifth 

Roihwell,  England Oue-sixth 

R.  thwell.  Hick  &  Rothwell 5  years. 

Edward  Bury 4    *' 

Benjamin  Hick  &  Son -3    " 

Edward  Bury  2    " 

Kenjamin  Hick  &  Co 3  months. 

lohn  Bull  (?> 12  years. 


Professor  Dewar  carried  out  a  very  simple  but  very  striking 
experiment  which  forcibly  demonstrates  the  truth  of  the  molec- 
ular theory.  He  took  a  high  vacuum  bulb  containing  only  a 
minute  quantity  of  mercurial  vapor,  to  which  was  connected 
bv  a  short  neck  of  from  one-tenth  to  one-eighth  of  an  inch 
bore  a  smaller  bulb  containing  liquid  mercury.  On  applying 
liquid  air  to  a  portion  of  the  larger  bulb  the  contained  vapor 
was  at  once  condensed  as  a  small  mirror.  On  applying  the 
liquid  to  a  second  portion  of  the  glass  no  further  condensation 
was  obtained,  thus  proving  that  the  metallic  surface  a  couple 
of  inches  below  could  not  supply  vapor  to  replenish  the  larger 
bulb.  But  on  inclining  the  apparatus  so  as  to  pass  a  globule 
of  mercury  into  the  larger  bulb  itself  the  cold  spots  on  the 
glass  were  instantaneously  covered  with  dense  metallic  depos 
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its.  Of  the  myriads  of  molecules  projected  in  all  directions 
from  the  liquid  mercury  in  the  smaller  bulb  only  a  small  per- 
centage—which might  lie  determined  by  the  theory  of  proba- 
bilities—struck the  orifice  of  the  neck  in  such  a  way  as  to 
shoot  clean  through  into  the  larger  bulb.  Hence  the  loss  from 
condensation  could  not  be  made  good,  although  there  was  free 
communication  with  another  chamber  containing  vapor  at  a 
relatively  high  pressure. 

The  lecturer  showed  the  method  of  determining  the  tensile 
strength  of  metals  at  180  below  zero.  Large  quantities  of 
liquid  air  are  necessary,  since  the  considerable  mass  of  metal 
forming  the  jaws  of  the  testing  machine  has  to  be  completely 
immersed.  The  results  are  extremely  interesting.  The  break- 
ing strain  is  in  all  cases  greatly  increased,  and  in  some—  e.g., 
iron  and  German  silver — is  nearly  doubled.  In  the  case  of 
certain  metals  equally  remarkable  increase  occurs  in  the  per- 
centage of  elongation  before  rupture,  though  the  results  on 
this  point  require  verification.  Thus,  while  chemical  forces 
are  in  abeyance  at  very  low  temperatures,  the  physical  force, 
which  we  call  cohesion,  asserts  itself  with  immensely  increased 
power.  This  is  of  great  importance  in  connection  with  the- 
ories which  have  been  ably  advocated  in  some  quarters,  accord- 
ing to  which  a  sufficient  reduction  of  temperature  would  re- 
duce the  universe  to  "  cosmic  dust."  That  material,  so  valu- 
able to  some  speculators,  will  have  in  future  to  be  obtained 
from  some  other  source  than  the  disintegration  of  matter  by 
cold.  Lord  Kelvin  maintains,  on  the  other  hand,  that  cohesion 
may  be  accounted  for  without  assuming  any  other  force  than 
that  of  gravitation,  or  any  other  law  than  the  Newtonian. 
Contraction  of  bulk  without  reduction  of  mass  is  the  sole  con- 
dition he  requires  for  indefinite  increase  of  cohesive  force,  and 
this  is  obviously  the  condition  supplied  by  Professor  Dewar's 
experiment,  while  the  result  is  entirely  concordant  with  Lord 
Kelvin's  theory. 

An  American  experimenter  has  found  that  a  temperature  of 
80°  below  zero  very  greatly  diminishes  the  power  of  a  per- 
manent magnet.  But  Professor  Dewar  has  proved  that  this 
result  follows  only  in  the  case  of  a  super  saturated  magnet. 
If  a  magnet  be  taken  which  has  been  passed  through  ordinary 
cycles  of  change,  and  therefore  carries  what  may  be  called  a 
normal  charge  of  magnetism,  its  magnetic  activity  is  mark- 
edly increased  by  reduction  of  temperature.  This  was  shown 
by  direct  experiment,  and  the  result  was  confirmed  by  coiling 
a  wire  round  the  magnet  at  ordinary  temperature  and  immers- 
ing the  end  of  the  magnet  in  liquid  air,  when  an  electric  cur 
rent  was  instantly  generated  in  the  wire.  An  immense  Held 
of  work  lies  before  the  physicist  in  connection  with  these  ex- 
periments alike  upon  cohesion  and  upon  magnetism.  There 
are  various  theories  which  will  have  to  take  account  as  best 
they  can  of  facts  which  cannot  be  questioned,  however  they 
may  ultimately  be  explained.  The  increase  of  cohesion  and 
magnetic  force  at  very  low  temperatures  must  be  taken  in  con- 
junction with  the  disappearance.of  electrical  resistance  in  pure 
metals  already  worked  out  at  tlie  Royal  Institution,  and  this, 
again,  is  complicated  by  the  reverse  effect  obtained  when  the 
metals  are  contaminated  by  impurities  of  any  kind. 

Low  temperature  was  shown  to  have  a  remarkable  effect 
upon  the  color  of  many  bodies.  For  example,  the  brilliant 
scarlet  of  vermilion  and  mercuric  iodide  is  reduced  under  the 
influence  of  intense  cold  to  a  pale  orange,  the  original  color 
returning  with  the  rise  of  the  temperature.  Blues,  on  the 
other  hand,  are  unaffected  by  cold,  and  the  effect  is  compar- 
atively small  upon  organic  coloring  matters  of  all  tints.  This 
is  of  interest  in  connection  with  the  efforts  that  have  been 
made  to  lind  a  chemical  explanation  of  the  color  of  sails,  and, 
indeed,  with  the  phenomena  of  isomorphism  in  general. 

It  may  be  judged  from  this  imperfect  sketch  how  numerous 
and  far-reaching  arc  the  possibilities  of  the  work  now  being 
done  at  the  Royal  Institution.— London  Times. 


DUNBAR'S  PISTON  PACKING  RINGS. 


A  nkw  (lacking  ring  for  pistons,  and  the  scheme  that  was 
followed  in  its  development,  are  illustrated  herewith.  It  is  a 
plain  ring  made  in  such  shape  that  it  will  fit  a  cylinder  and 
make  the  piston  steam-tight  with  the  least  possible  frictional 
resistance.  Fig.  1  was  made  from  a  16-in.  ring  after  it  had 
J  in.  cutout,  then  springing  it  together,  and  holding  it  by  a 
flexible  band.  It  was  then  laid  on  drawing  paper,  and  a  line 
was  drawn  on  its  inner  circumference.  It  was  then  removed, 
the  line  spaced  off  into  inch  spaces,  and  from  the  space  points 
the  lines  were  drawn  that  bound  the  figure,  which  shows  the 
shape  that  a  round  ring  will  take,  when  about  -,».  in.  to  the 
foot  is  cut  out  of  it  and  then  sprung  together  by  an  equal  ex- 
ternal radial  pressure.    Fig.  2  was  made  from  a  like  ring  cut 


iu  two  with  a  very  thin  tool,  sprung  apart  J  in.  less  the  thick 
ness  of  the  tool,  and  held  open  by  a  number  of  short  rounds, 
as  shown  in  fig.  3.  The  line  was  then  drawn  on  the  outside 
of  the  ring,  spaced,  and  the  figure  outlined,  as  in  fig.  1.  The 
rounds  produce  an  equal  internal  radial  pressure  the  opposite 
of  fig.  1.  Hence  it  follows  that  if  a  lG-in.  ring  is  made  the 
shape  of  fig.  2,  then  <f  in.  cut  out  and  sprung  together  by  an 
equal  external  radial  pressure,  the  ring  will  be  round.  The 
cut  in  the  rings  is  at  as.     The  rings  are  cast  clos ■•  to  size  and 


NEW  METHOD   OF   FORMING   PISTON    KINGS. 

shape,  then  ground  to  the  exact  size.  Fig.  4  is  a  tester  by 
which  the  tension  and  circularity  of  a  ring  may  be  determined. 
The  ring  is  clamped  in  the  vise  at  the  ton  of  the  column,  near 
one  of  its  ends,  a  steel  tape  is  secured  to  the  end  in  the  vise, 
the  tape  is  passed  around  the  ring  and  over  the  friction  pulley 
on  the  arm,  and  weights  applied  to  the  end  till  the  cut  is 
closed,  when  its  circularity  may  be  tested. 


PRICES  OF  NOVA  SCOTIA  COAL. 


The  following  report  has  been  made  by  our  Consul-General 
at  Halifax,  to  the  Bureau  of  Statistics,  Department  of  State, 
at  Washington,  which  will  be  interesting  in  view  of  the  agita- 
tion growing  out  of  the  discussion  of  the  Wilson  bill. 

In  compliance  with  the  request  of  the  Department,  I  enclose 
a  statement  covering  the  cost  of  mining  coal  in  Nova  Scotia 
and  of  shipping  it  to  the  United  States,  prepared  by  Mr.  M.  R. 
■Morrow,  of  Halifax,  who  is  considered  the  highest  authority  : 

Cape  Breton  coal,*  at  mines'  ports,  which  are  all  within  25 
miles  of  the  respective  mines— 

Per  ton. 

Screened $3  SO 

Run  of  mine 1  80 

Slack 1  10 

These  are  subject  to  a  discount  of  6  cents.per  ton  for  1,000 
tons  and  over,  10  cents  per  ton  for  5,000  tons  and  over,  and 
15  cents  per  ton  for  10,000  tons  and  over. 

Pictou  coal,   shipped  at   Pictou,  about  15  miles  from  the 

mines — 

Per  ton. 

Screened  Acadia $2  50 

Run-of-mine  Acadia 2  25 

Slack  Acadia 1  50 

Culm 80 

Screened  Drummond.    2  25 

Run-of-mine  Drummond 2  00 

Slack  Drummond 1  50 

Culm  Drummond 80 

*  It  is  assumed  that  this  is  the  price  at  mines'  ports,  although  the  report 
does  not  distinctly  nay  so. 
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Pictou  is  closed  to  navigation  for  five  months  of  the  year, 
when  the  coal  must  be  shipped  from  Halifax,  100  milts  dis- 
tant, at  an  additional  cost  over  Pictou  of  80  cents  per  ton. 

Spring  Hill  coal,  at  Parrsborough,  27  miles  distant  from  the 
mines — 

Per  ton. 

Screened #2  To 

Run  of  mine 2  50 

Slack 1  40 

Culm 1  00 

The  estimated  cost  in  1893  of  mining  and  shipping  the  yaii- 
ous  coals  of  the  province,  free  on  board  vessels  at  the  mines' 
ports,  for  run-of-mine  coal  was  : 

Per  ton. 

Cape  Breton  coal $1  40 

Pictou  coal  : 

Acadia  mine 2  00 

Drummond  mine 1  85 

Spring  Hill  coal 2  15 

Prices  paid  miners  at  Cape  Breton  mines  were  as  follows  : 

Per  ton. 

Gowrie $0  46 

Little  Glace  Bay 42 

International 44 

Old  Bridgeport 44 

Reserve ...        42 

Emery 4;; 

Gardener 55 

Coal  freights  from  Xova  Scotia  to  New  England  during  the 
last  five  years  averaged  $1.90  per  ton  on  the  small  quantity 
sent  there,  which  was  mostly  in  sailing-vessels. 
The  above  prices  and  rates  are  for  the  ton  of  2,240  lbs. 

Darius  H.  Ingraham, 

Consul-General. 
Halifax,  January  4,  1894. 
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DIMENSIONS  OF  CAST-IKON  PULLETS  (SINGLE  ARMS). 
Breadth  from  4  at.  to  6}  in. 


D 

No.  of  ;      a 
Arms. 

a,           b 

»■ 

» 

*■ 

in.       in. 
8    to  12 
18}  •■  15} 

16}  "  19J 

20      "  23}       . 

24      "275 

24      "271... 

28     "  3U 

32      "  351 
36      "  391 
40      "43} 
433   "    47}.... 

i;1.    ■  :>i 

51  |    "   55 
555    ■'   BO 

4 
4 
4 
4 
4 
6 
6 
H 
6 
6 
6 
6 
6 

° 

If 

1ft 

lj 

1ft 

m 

1A 

m 

15 

m 
1 

2i 

1A 
1ft 
1A 

H 

1ft 

lj 

H 

JA 

ift 

ij 

if 
i!l 
H 
1ft 

H 

I 

a 
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ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  January, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   FOR  JANUARY. 

Pottsville,  Pa.,  January  1. — A  collision  occurred  on  the 
Mahanoy  Division  of  the  Lehigh  Valley  Railroad,  between 
•Buck  fountain  and  Delano,  this  afternoon.  A  coal  train  pull- 
ing out  from  a  siding  from  a  colliery  collided  with  a  passenger 
train.     Both  engineers  were  badly  hurt. 

Little  Rock,  Ark.,  January  1. — A  boiler  of  a  freight  train 
exploded  near  Beebe,  on  the  Iron  Mountain  Road,  this  morn- 
ing. John  Dooley,  the  fireman,  was  severely  injured.  The 
engineer  escaped  with  slight  injuries. 

East  Weymouth,  Mass.,  January  5. —An  engine  collided  with 
a  Middleborough  train  at  this  point  to-day  and  was  thrown 
from  the  track.  The  engineer,  Mildram,  was  slightly  injured, 
and  Frank  Williams,  fireman  of  the  wrecked  train,  was  cut. 

Parkville,  X.  Y.,  January  9. — Two  work  trains  used  in 
making  repairs  on  the  Long  Island  Railroad  collided  at  this 
point  this  morning.  Fireman  Waren  sustained  a  compound 
fracture  of  the  leg. 

Franklin  Falls,  X.  H.,  January  11. — A  boiler  of  a  locomo- 
tive exploded  at  this  point  to-day,  injuring  the  engineer,  Ed. 
Bowler,  very  severely  by  breaking  one  leg  and  badly  bruising 
his  head.     John  Ballantyne,  the  fireman,  was  badly  "scalded. 

Meadville,  Pa.,  January  11. — A  wreck  on  the  Pittsburgh, 
Shenango  &,  Lake  Erie  Railroad  occurred  to-day.  Fireman 
Porter  was  very  severely  injured,  and  it  is  feared  he  might 
die  from  his  injuries.  Engineer  L'nger  was  seriously  hurt, 
and  at  the  time  of  this  dispatch  the  chances  are  against  his 
recovery. 

Easton,  Pa.,  January  13. — A  fast  freight  on  the  Lehigh  Val- 
ley Railroad  ran  into  the  rear  of  a  preceding  section  on  a  high 
embankment  where  the  road  enters  the  town  of  Phillipsburg, 
X.  J.  The  engineer  and  fireman  remained  on  the  engine  until 
it  stopped.     Engineer  Hanlan  had  his  arm  broken. 

Pittsfield,  Me..  January  13. — An  engine  on  the  Canadian 
Pacific  Railroad  jumped  the'rails  near  Jackman  to-day,  careen- 
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ing  and  tipping  over.     Engineer  William  Hunting  bad  both, 
legs  so  badly  broken  that  it  is  thought  he  cannot  recover. 

Pittsfield,  Me..  January  13. — A  mogul  engine  with  a  snow- 
plow  ahead,  on  the  Canadian  Pacific  Railroad,  while  engaged 
in  clearing  the  track  encountered  a  deep  drift  near  Harvey 
Lake,  in  which  the  engine  jumped  the  track  and  went  out 
upon  the  ice  upon  the  lake.  The  engineer  escaped  through 
tin  cab  window,  but  as  the  locomotive  went  down  the  fireman 
was  pinned  in  and  was  drowned  in  28  ft.  of  water. 

Statesville,  X.  C,  January  13. —An  engine  of  a  passenger 
train  on  the  Murphy  Division  Branch  of  the  Western  North 
Carolina  Road  jumped  the  track  near  Nantahala  to-night, 
rolled  down  an  embankment,  and  the  engineer  was  severely 
scalded. 

Winchester,  Ind.,  January  13. — An  engine  pulling  a  freight 
train  exploded  its  boiler  ou  the  Big  Four  track  in  front  of  this 
station  to-day,  while  the  train  was  running  at  the  rate  of 
about  10  miles  an  hour.  Both  ends  of  the  boiler  and  the  bot- 
tom were  blown  out.  Albert  Rankin,  the  fireman  on  the  en- 
gine, was  scalded  to  death.  Lafe  Mullen,  the  engineer,  es- 
caped with  slight  injuries. 

Halifax,  N.  S.,  January  14. — A  snow-plow  and  engine  on 
the  Windsor  &  Annapolis  Railway  broke  through  a  bridge 
between  Middletown  &  Wilmot  to-day.  Engineer  Pudsey  and 
Fireman  Frank  Smith  were  instantly  killed. 

Harrison.  N.  J..  January  15. — While  the  Dover  Express  on 
the  Delaware,  Lackawanna  tfc  Western  Railroad  was  approach- 
ing the  draw-bridge  over  the  Hackensack  River  this  morning, 
it  ran  into  a  preceding  train  at  a  speed  of  20  miles  an  hour, 
crushing  into  the  rear  and  telescoping  four  cars.  David  Hoff 
man,  the  engineer,  was  seriously  injured  and  carried  into  the 
baggage  car  in  an  unconscious  condition.  His  legs  and  head 
were  cut  aod  bruised,  and  he  is  supposed  to  be  internally  in- 
jured.    The  fireman  was  slightly  injured. 

Santa  Rosa,  Cal.,  January  15. — An  accident  occurred  on  the 
narrow-gauge  road  at  the  Austin  River  bridge  to-day.  A 
locomotive  was  detached  from  the  train  to  reconnoiter  for 
washouts.  It  crossed  the  bridge  in  safety,  but  in  returning, 
the  piling  having  been  undermined,  the  engine  crashed 
through.  Engineer  Briggs  and  Fireman  Colliston  were 
drowned. 

Montreal,  Can.,  January  15. — Edgar  Vary,  a  fireman  on  the 
Grand  Trunk  train,  was  underneath  his  engine  to  day,  when 
another  train  came  up  with  the  object  of  coupling  some  cars. 
The  contact  was  made  loo  suddenly,  and  Vary  was  injured 
about  the  hips. 

Syracuse.  X.  Y.,  January  16.— George  Gilwater,  a  fireman 
on  the  Xew  York  Central  &  Hudson  River  Railroad,  was 
struck  on  the]  head  by  a  mail  crane  while  leaning  out  of  the 
cab  this  morning.  He  was  rendered  unconscious,  but  suffered 
no  serious  injury. 

South  Shaftesbury,  Vt.,  January  16.— A  passenger  train  on 
the  Bennington  &  Rutland  Road  collided  with  a  wrecking 
train  about  a  mile  from  this  station  this  morning.  Engineer 
William  Smith  died  from  injuries  which  he  received. 

Weston,  W.  Va  ,  January  19. — A  wreck  occurred  in  the 
mountains  of  Randolph  County  to  day.  McQuay's  log  en- 
gine with  a  train  loaded  with  logs  ran  away  down  the  moun- 
tain, badly  injuring  E.  M.  Shives,  engineer. 

St.  Louis,  Mo.,  January  20. — A  Wabash  engine  jumped  the 
track  and  ran  into  the  Mississippi  River  at  East  St.  Louis 
to-day.     George  Kirby,  the  engineer,  was  drowned. 

Montgomerv,  Ala.,  January  21. — A  train  on  the  Central 
Railway  of  Georgia  ran  into  a  cow  near  Fitzpatriek  to-night 
and  was  thrown  from  the  track.  Engineer  Williams  and 
Fireman  Kimball  were  badly  scalded. 

Fort  Worth,  Tex.,  January  22.— Engineer  Bethel,  of  the 
Rock  Island  Road,  while  engaged  in  oiling  his  engine  at 
Chicasha  this  evening,  was  struck  on  the  head  and  severely 
injured. 

Cedar  Rapids,  la.,  January  23.— A  Burlington,  Cedar  Rapids 
it  Northern  train  was  wrecked  near  Polsville  this  evening  by 
a  broken  rail.  The  engine  and  four  cars  were  overturned. 
Engineer  Tencill  Sbeffrenik  was  caught  under  the  tank  and 
killed. 

Springfield,  111.,  January  28.— A  wreck  occurred  on  the 
St.  Louis,  Chicago  &  St.  Paul  Railroad  about  3  miles  south  of 
Curren  this  evening,  which  resulted  in  the  death  of  Enginur 
William  Deadman,  of  Alton. 

Como,  0.,  January  29. — A  rotary  snow-plow  pushed  by  two 
engines  on  the  Union  Pacific  Line  ran  into  a  broken  rail 
near  this  point  to-day,  and  the  plow  and  one  of  the  engine* 
ran  off  the  embankment,  rolling  over  three  times  aud  landing 
150  ft.  from  the  track.  Engineer  Snow  and  Fireman  Calihar 
received  severe  injuries. 

Columbia,  Pa.,  January  29. — A  broken  axle  on  an  east-bound 
freight  train  on  the  Philadelphia  Division,  Pennsylvania  Rail- 


road, was  the  cause  of  a  bad  crash  near  Docklow  to-day.  Fire- 
man John  Rupert  was  injured  by  being  caught  between  fall- 
ing timbers  as  he  jumped  from  the  engine. 

Millerton,  Pa.,  January  30. — A  train  on  the  Tioga  Railroad 
was  stuck  in  a  snow  drift  5  ft.  deep  here  this  evening.  The 
snow  packed  so  hard  against  the  cab  on  the  fireman's  side  that 
it  was  forced  in.  George  Case,  the  fireman,  was  dragged  from 
the  cab,  but  not  until  he  had  been  suffocated  to  death  in  the 
snow. 

Rochester.  X.  Y..  January  30. — An  east-bound  passenger 
train  on  the  Xew  York  Central  &  Hudson  River  Railroad, 
while  taking  a  side  track  at  Albion  this  evening,  ran  into  an 
open  switch.  Engineer  Osborn  E.  Chamberlain  tried  to  jump, 
but  his  left  leg  was  caught  between  the  engine  and  tender. 
When  released  an  hour  later  it  was  found  that  both  bones  were 
broken  at  the  knee  and  ankle  ;  he  also  complained  of  other 
injuries.  Fireman  Brooker  was  thrown  through  the  cab  win- 
dow, striking  his  head  on  a  pile  of  stones.  A  deep  gash  was 
cut  across  the  forehead,  and  his  nose  was  broken  and  right  leg 
injured. 

St.  Paul,  Minn.,  January  31.— An  engine  pulling  a  passenger 
train  on  the  St.  Paul  &  Duluth  Railroad  broke  a  side-rod 
about  2  miles  west  of  Barnum  this  afternoon.  It  damaged 
the  cab  and  broke  a  small  cock  on  the  boiler,  allowing  the 
s'cam  and  water  to  escape.  Hank  Gage,  the  engineer,  was 
scalded,  also  his  fireman. 

Our  report  for  January,  it  will  be  seen,  includes  27  acci- 
dents, in  which  five  engineers  and  five  firemen  were  killed, 
and  16  engineers  and  13  firemen  were  injured.  The  causes  of 
the  accidents  may  be  classified  as  follows  : 

Boiler  explosions 4 

Broken  axle 1 

Broken  rails 2 

Broken  side-rod 1 

Cattle  on  track 1 

Collisions 5 

Defective  bridges 2 

Derailments 3 

Misplaced  switch 1 

Runaway  engine 1 

Run  over 1 

Suffocated  by  snow 1 

Struck  by  obstruction 1 

U/nknown 3 


PERFORMANCE  OF  A  COMPOUND  LOCOMOTIVE 
ON  THE  LONG  ISLAND  RAILROAD. 


The  following  statement  gives  particulars  of  the  perform- 
ance and  economy  of  compound  locomotive  Xo.  145,  in  com- 
parison with  single-expansion  locomotive  Xo.  138.  built  by 
the  Baldwin  Locomotive  Works  for  the  Long  Island  Railroad 
Company. 

The  engines  set  apart  for  the  test  by  Mr.  Prince,  Superin- 
tendent of  Motive  Power,  were  compound  engine  Xo.  145  and 
simple  engine  No.  138.  These  engines  were  built  by  Burn- 
ham.  Williams  A"  Co.,  1893,  and  are  precisely  similar,  except 
for  the  compounding  of  Xo.  145  on  the  Vauclain  four-cylinder 
type.  They  had  both  been  in  the  shops  for  general  repairs  at 
a  late  date,  and  were  put  on  this  service  as  being  both  in 
equally  good  running  condition. 

For  the  purpose  of  this  t<  - 

1.  A  train  of  20  loaded  cars  was  set  apart  for  the  haul. 

2.  The  section  of  track  between  Hempstead  Crossing  and 
Ronkonkoma  was  used  :  and  the  train  hauled  the  round  trip 
twice  each  day,  making  a  total  daily  run  of  113.78  miles. 

3.  Two  cars  of  Clearfield  coal  were  set  apart  by  the  store- 
keeper as  being  from  the  same  mine,  and  were  used  exclu- 
sively on  the  series  of  I 

4.  It  was  decided  to  run  the  test  train  three  days  with  cne 
engine,  and  then  three  days  with  the  other,  making  a  series  of 

its  of  three  days  with  each. 

5.  All  coal  was  weighed  on  and  off,  from  point  of  start  to 
return  to  that  point,  and  the  water  consumption  was  measured 
with  Thompson  patent  water  meters  attached  to  the  injector 
or  suction  pipes. 

It  will  be  seen  that  with  the  same  train  over  the  same  course 
the  work  on  each  day  was  the  same.  On  the  first  three  days 
the  compound  engine  was  used  ;  on  the  second  three  days  the 
simple  engine.  On  the  first  day's  run  with  each  engine  the 
flue  tubes  and  grates  and  front  end  were  all  perfectly  clean, 
and  on  all  succeeding  days  all  conditions  were  similar,  and  the 
engines  were  in  simple  running  order.  Each  day's  run  for 
consumption  was  reckoned  only  from  the  time  of  starting  with 
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the  train,  and  each  day  was  concluded  exactly  at  the  ]Kiint  of 
origin,  the  fires  being  brought  up  to  level  as  at  starting,  and 
the  water  in  boiler  being  brought  exactly  up  to  the  level  of 
top  cock,  Ike  same  engineer  and  fireman  being  retained  for 
the  whole  series. 

All  jweather  conditions  were  adverse  to  the  compound  en- 
gine :  as  one  day  (November  i<  was  exceedingly  wet,  and  on 
the  succeeding  day  the  coal  was  still  soaking  from  the  pre- 
vious one.  The  resultant  economy,  it  will  be  seen,  is  figured 
up  as  ?>T.i  per  cent,  in  coal  and  l~'.2  per  cent,  in  water  on  the 
simple  basis  of  per  ear  per  milt  ;  but  making  allowance  for  the 
increased  length  of  terminal  stoppages  with  the  simple  engine, 
I  have  also  entered  up  the  economy  per  car  per  mile  per 
as  32.1  per  cent,  in  coal  and  10.7  per  cent,  in  water,  each  in 
favor  of  the  compound  engine. 


Ihe  crown  of  the  arch,  and  about  33  ft.  wide, 
of  the  work  will  be  Jl.7u0.000. 


The  total  cost 


Conversion  of  a  Steam  into  an  Electric  Road.— The 
Brooklyn,  Bath  &  West  End  Railroad,  which  runs  from 
Greenwood  Cemetery  to  Coney  Island,  and  which  was  orig- 
inally built  as  a  dummy  road,  and  operated  for  the  last  few 
years  as  a  steam  road  doing  a  heavy  traffic,  especially  in  the 
summer  time,  between  Coney  Island  and  Bath  Beach  and 
Brooklyn,  has  been  changed  into  an  electric  road.  This  is  the 
first  instance  in  New  York  State  in  which  the  substitution  of 
electricity  for  steam  power  has  been  effected.  People  living 
along  the  line  of  the  road  are  very  much  pleased  with  the 
change,  and  in  a  future  issue  we  hope  to  give  some  data  re- 
garding the  actual  operation  of  the  road. 


COMPARATIVE    TESTS    OF    FCEL    AND    EVAPORATION    ON    COMPOUND    ENGINE    NO. 

ENGINE  NO.  138. 


145     VArCLAIV    TYPE)    AND    STANDARD 


Emm  Dimensions 
Cylinders,  diameters,  and  stroke...   .... 

Diameters  of  driving-wheels  and  No  ... 

Type  of  engine 

Boiler,  diameter  and  length 

Boiler  grate,  dimensions. . 

Boiler  tnbes.  No.  and  sizes  and  Burl 

Boiler,  total  heating  surface 

Exhaust  nozzle,  diameter  

Weight  of  engine,  (l)on  drivers,  (2t  gross 


Conditions  op  Tt.-T- 

Coal  used  on  all  days 

Weather 

Condition  of  engine  and  fires ..  - 

Train  hauled.     No.  of  cars 

Train  hauled.     Gross  weight,  net  tons 

Train  hauled.    Tare  n  eight,  net  tons 

Train  hauled.    Net  weight,  net  tons 

Mileage.    Course 

Mileage.    Total  daily  mileage  with  train 

Test  Figcres. 
Coal  consumed,  in  lbs 

Water  evaporated,  in  lbs 

Evaporation,  lbs.  water  per  lb.  coal 

Running  time 

Stoppages 

No  of  stops  other  than  terminal 

Total  time  with  train 

Total  rime  engine  using  steam 

Total  time  safety-valves  blowing  off 

:or  feeding  regularly.    No.  of  applications 

Average  steam-pressure 

Safety-valve  set  to  blow  off  at  —  lbs 

Results. 

Pounds  of  coal  burned  per  train  mile 

Pounds  of  coal  burned  per  car  mile 

Pounds  of  coal  burned  per  ton,  mile  per  hour  of 

total  time. 

Average  economy  on  ton,  mile  per  hour  of  total 

time 

Average  economy  in  water  per  ton,  mile  per  hour 

of  total  time .. 

Average  economy  per  car  mile  


Engine  No    145, 


Engihb  No.  13s. 


IS"  and  30'  x  21' 

3  pairs  =  60,y  diameter. 

Baldwin  Ten-wheeler. 

Barrel  =  54  ;  wagon  top.  57>B  and  GO'i  x  140'-. 

---'.  sq.  ft. 

200  x  2*  -x  nm.,  x  1,816*4  SQ-  ft- 

1,344-K  sq.  ft. 

3L. 


1st  day, 
Nov.  3. 


2d  day, 
Nov.  4. 


3d  dav. 
Nov.  5. 


Average. 


"16-X34-. 

3  pairs  =  60tV  diameter. 

Baldwin  Ten-wheeler. 

Barrel  =  54';  wagon  top,  37H  and  60'i  x  140U. 

221,  sq.  ft. 

200  x  >X  x  140^  x  I.216K  sq.  ft. 

1.342}.   Bq.  ft. 

3K'. 

iOO,  (2)  106,150,  and  tender  =  173,150. 


1st  dav, 
Nov.  6. 


2d  day, 
Nov.  7. 


3d  dav, 
Nov.  8. 


Fair.no  rain 

Clean  fires 
and  tu ties 
and  front 
end  swept. 
20 

819 

255 

564 

113.78 


-.  687 


43.104 

7.57 


I    ism 

1°  141*' 

1 

5°  33' 

3°  47' 

17    25 

7 

169.5 

ISO 


Rain. 

Ordinary 

working 

conditious. 

20 
819 
255 

564 


Mo-hannon  Clearfield  coal.    Same  ears  used. 


Fair. 

Ordinary 

working 

conditions. 

20 
819 
955 
564 


SO 

819 
255 
36* 


Perfect. 

Clean  fires 
and  tubes 
and  front 
end  swept 
20 

819 

255 

564 


Perfect. 

Ordinary 

working 

conditions. 

20 
819 
254 
565 


Fair. 

<  inhnary 

working 

conditions. 

20 
819 
254 
565 


Hempstead  crossing  and  Ronk°nkoma  and  return— twice  daily. 
118.78  113  7S  113  78  "3.78       i    113.78  113.78 


6.303 


45.501 


i'  07' 
1*  W 

2 
5°  17 
3'  46 
20'  SO- 
10 
170.25 
180 


6,607 


i;.i57 

- 


4°  06' 
1°  02' 
nil. 
5°  08' 
3°  46' 
5'   05- 

15 
160.4 
180 


6.199 


45,384 

7.32 


I     11 
1"  09' 

5°'i9- 
3°  46' 
14'   20' 

168.1 

180 


54.4 

J  72 

0.01254 

32.1  per  cent. 

10.7  per  cent. 
Fuel,  37,%  ;  water.  17tV 


9.502 


52.820 


1°  06H' 

1 

5°  2s 

3°  55' 

24'   45- 

10 

130.1 

145 


■ 

f  Righi  l 

;     hand    i 

1    water    | 

meter 

I    failed. 

-i  and  no 
correct 
!  water 
read- 
ines  ob 
Tail  e-i 
4°  32' 
1°  26' 

1 
5°  58' 
3°  52' 
I  45 
13 
123.9 
145 


. 


10  289 


57,101 
5.55 


4°  32' 
1°  19' 

nil. 

5°  51' 

3°  J9' 

1'  10- 

15 

121 

145 


20 

819 
254 
565 

113.78 


9,875 


54,961 
5.55 


28 

1- 

45' 

i» 

3" 


125s 

126 

145 


1    .1 


0.01847 


Sparks  drawn  from  front  end  of  Compound  about  14  that  from  Standard 
NOTES  AND  NEWS. 


Timber  Tests.— An  elaborate  series  of  timber  tests  are  now 
in  progress  in  the  Testing  Laboratory  of  the  Washington 
I'niversity,  under  the  Forestry  Division  of  the  Department  of 
Agriculture. 

Susquehanna  Tunnel. —The  tunnel  under  the  Palisades  for 
the  New  York,  Susquehanna  i:  Western  is  nearly  finished, 
and  before  many  months  trains  will  be  running  through  it.' 
The  last  heading  of  the  tunnel  was  broken  through  on  January 
11.  The  tunnel,  which  is  reached  by  a  branch  from  the  main 
track  back  of  Fairview,  X.  .T.,  i>  ...tiro  ft.  long,  .';  ft.  high  to 


^girie.  Charles  M.  Jacobs,  ConmUing  Enrjitietr, 

192  Broadway.  N.  Y. 

Trial  of  Armor  Plate.  — Another  successful  test  of  armor 
plate  was  made  by_  the  Bethlehem  Iron  Company  on  Feb- 
ruary  :;.  This  test  involved  the  acceptance  of  nearly  400  Ions 
of  armor,  and  the  Government  will  lake  the  plates  These 
are  for  the  protected  cruiser  Puritan,  now  being  built  at 
Brooklyn.  The  plate  is  not  Harveyized,  and  is  is  ft.  long. 
6  ft.  wide  aud  14  in.  thick,  tapering  to  6  in.  in  thickness. 
A  Hi  in.  gun  was  used  with  projectiles  weighing  500  lbs.  each. 
The  first  shot  penetiated  the  plate  to  the  depth  of  \?i  in. 
There  were  no  radiating  cracks,  and  an  even  fringe  about  the 
hole  4  in.  high.  The'projectile  was  broken  in  two.  The 
velocity  of  the  projectile  was  1,381  ft.  per  second.  The  charge 
32  lbs.  of  powder.  In  the  second  shot  171  lbs.  of  pow- 
der sent  the  500-lb.  projectile  through  the  air  at  a  velocity  of 
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1,680  ft.  per  second.     The  projectile  penetrated  to  the  depth 
of  15g  >u.,  but  the  backing  was  not  disturbed. 

The  Hungarian  Zone  System. — It  is  rive  years  since  the 
Hungarian  Government  decided  to  apply  the  "  /.one"  system 
to  its  railways.  Taking  Budapest  as  the  central  point,  a  circle 
with  15  miles  radius  was  drawn  about  it  :  beyond  that  another 
circle  was  described  with  24  miles  radius,  and  so  on  up  to 
11  circles.  The  twelfth  and  thirteenth  circles  each  included 
a  "  zone"  of  15  miles,  and  all  the  rest  of  the  country  made  the 
fourteenth  "  zone."  At  the  same  time  fares  were  reduced,  on 
an  average,  50  per  cent.  A  person  wishing  to  go  anywhere 
within  the  first  zoue,  15  miles  from  Budapest  or  less,  pays 
20  cents  first-class,  16  cents  second,  and  10  cents  third.  This 
rate  is  doubled  for  the  second  zone,  anywhere  within  24  miles, 
tripled  for  the  third,  and  so  on  to  the  end.  The  result  is  now 
published.  It  shows  an  increase  of  passengers,  upon  the 
whole,  to  the  amount  of  216  per  cent.,  and  of  receipts  to  the 
amount  of  40  per  cent.  These  returns  exceed  the  most  san 
guiue  expectations. 

Air  Power  for  Street  Cars.  — Paris  is  shortly  to  try  a  new 
experiment  with  tramways  worked  by  compressed  air.  There- 
are  already  electric  tramways  running  from  the  Madeleine  to 
St.  Denis  and  Pautin  with  accumulators  under  the  carriage. 
These  are  reported  to  work  very  satisfactorily  and  are  much 
m  ire  sightly  than  those  of  the  "  trolley"  system  in  use  in  some 
of  the  French  departments  The  new  compressed-air  ma 
chines,  which  are  to  be  started  from  the  Louvre  to  Versailles 
and  St.  Cloud,  are  expected  to  be  more  satisfactory  than  either 
as  well  as  more  economical  in  their  working.  The  locomo- 
tives will  weigh  18  tons  and  have  a  pressure  of  about  150  lbs., 
and  be  capable  of  drawing  three  or  four  cars  loaded  with  pas- 
sengers. The  water  of  the  Seine  has  been  utilized  as  motive 
power  for  the  compression  of  the  air.  The  advantages  ex- 
pected are,  besides  economical  working,  the  absence  of  smoke 
or  odor  from  the  machines,  and  they  also,  it  is  said,  offer 
better  facilities  for  dispatching  several  car  loads  of  passengers 
at  the  same  time  by  the  same  machine. —  Transport. 

Pneumatic  Tubes  in  Chicago  —Pneumatic  tubes  have  re- 
cently been  laid  in  the  streets  of  Chicago  for  connecting  the 
City  Hall  anil  the  Central  Police  stations  with  the  office  of  the 
City  Press  Association,  the  various  national  aud  international 
news  associations,  and  the  main  stations  of  the  telegraph  com- 
panies. It  is  stated  that  the  time  of  transmission  of  messages 
from  the  points  most  distinctly  separated  is  but  one  minute. 
Circulating  in  all  of  the  tubes  of  the  system  is  a  continuous 
current  of  air,  and  when  it  is  desired  to  transmit  a  package 
from  one  station  to  another,  it  is  merely  necessary  to  place  the 
matter  to  be  delivered  in  a  carrier,  which  is  inserted  within 
the  tube  and  it  is  instantly  off.  This  is  similar,  as  far  a^  the 
operation  is  concerned,  to  that  which  is  used  by  the  Post 
Office  Department  in  the  city  of  London,  but  we  have  not  as 
yet  the  information  regarding  details  of  the  mechanism,  so 
that  we  can  give  an  accurate  technical  description  of  the  vari- 
ous valves  aud  appliances  which  are  used.  The  pipes  are  laid 
in  a  trench  in  the  street  at  sufficient  depth,  to  get  as  far  as 
practicable  below  all  pipes  and  other  obstructions.  Twenty- 
nine  conduits  in  a  nest  are  then  built  of  square  vitrified  clay 
pipes,  into  which  seamless  drawn  brass  pneumatic  tubes  are 
placed.  The  conduits  are  laid  in  and  surrounded  by  Portland 
cement  concrete  from  8  to  10  in.  thick,  thus  making  it  a  solid 
wall  of  masonry  which  will  not  be  affected  by  dampness, 
heavy  traffic,  or  other  causes.  The  motive  power  is  said  to 
be  a  jet  of  steam  discharging  through  an  injector.  The  air  is 
expelled  from  the  tubes,  so  that  when  the  carrier  is  placed  in 
position  it  is  forced  to  its  destination  by  atmospheric  pressure. 
The  carrier  used  is  a  new  device.  It  is  made  of  flexible  leather 
with  an  inner  wire  frame  to  keep  it  in  proper  form,  and  to 
allow  it  to  travel  around  the  curves  readily.  These  carriers 
are  2|  in.  in  diameter  aud  about  8  in.  long. 

Bertrand  Rustless  Process. — According  to  an  account 
read  before  one  of  the  French  scientific  societies,  the  Bertrand 
process  of  coating  with  magnetic  oxide  and  enameling  iron 
and  iron  carburets  is  much  simpler  than  the  better  known 
Bower  Barff  process,  and  is  based  upon  a  uew  discovery  in 
chemistry.  It  is  stated  thus  :  If  a  thin  adherent  film  of  an- 
other metal  is  formed  on  the  wrought  iron  or  on  the  east  iron, 
and  this  iron  or  cast  iron,  heated  to  1  000°,  is  exposed  to  a  cur- 
rent  of  oxidizing  gas,  the  oxygen  penetrates  through  the  film, 
oxidizes  the  iron  or  the  cast  iron,  and  under  these  conditions 
magnetic  oxide  is  the  result.  The  formation  of  magnetic 
oxide,  thus  obtained,  continues  indefinitely,  aud  the  thickness 
of  the  coating"of  oxide  increases  according  to  the  period  of 
exposure  to  the  oxidizing  current,  providing  the  temperature 
remains  at  about  1,000'.  None  of  the  accounts  seen  in  this 
country  state  whether  this  temperature  is  by  the  Centigrade 
or  the  Fahrenheit  scale. 


As  to  the  film  of  metal  deposited  in  the  first  instance,  it  dis- 
appears in  some  obscure  way,  forming  oxides  which  mingle 
with  the  magnetic  oxide  or  volatilize,  according  to  the  nature 
of  the  metal  of  which  they  are  composed.  M.  Bertrand  had 
then  to  find  the  best  metal  and  the  best  method  for  depositing 
it  on  the  article  to  be  coated,  and  he  has  found  that  bronze,  a 
mixture  of  copper  ami  tin,  gives  from  a  practical  point  of 
view  everyT  satisfaction.  For  depositing  this  bronze  on  the 
wrought  iron  and  cast  iron  M.  Bertrand  uses  electricity  or  wet 
baths,  and  uses  sulphophcnolic  acid. 

The  following  is  the  method  adopted  in  the  Bertrand  manu- 
factory for  an  oxidation  :  The  article  is  cleansed  (the  cleansing 
is  not  indispensable),  then  dipped  a  few  moments  in  a  bath 
containing  a  solution  of  sulphophenolate  of  copper  and  tin. 
The  coating  of  bronze  being  formed,  the  article  is  immediately 
washed  with  cold  water  and  dried  with  sawdust.  The  article 
dried  is  put  into  a  furnace.  Oxide  forms,  and  at  the  end  of 
15  to  30  minutes  (according  to  the  articles)  the  article  is  taken 
out  sufficiently  oxidized.  The  coating  produced  varies  from 
four  to  eight-thousandths  of  an  inch  in  thickness. 

M,  Bertrand  uses  electricity  to  ascertain  if  the  coating  is  of 
sufficient  and  uniform  thickness,  and  in  doing  so  he  makes 
use  of  bells.  If  in  putting  the  two  wires  in  contact  with  the 
oxidized  article  the  beds  ring,  the  current  passes — the  oxida- 
tion is  insufficient  ;  if  it  remains  silent,  the  oxide  formed  is  of 
sufficient  practical  thickness,  because  it  prevents  the  electric 
current  from  passing.  To  obtain  tinning  on  iron,  salts  of  tin 
are  dissolved  in  a  mixture  of  water  and  sulphophenolic  acid  at 
the  rate  of  1  per  cent,  of  tin  salt  and  5  per  cent,  of  sulpho- 
phenolic acid.  In  this  mixture  the  article,  which  is  previously 
cleaned,  is  dipped,  aud  is  at  once  covered  with-  an  adherent 
coaling  of  tin.  and  afterward  by  the  means  of  rotating  brushes 
in  wire  and  cloth  the  coating  of  tin  is  polished,  and  a  result  is 
obtained  which  is  both  effective  and  cheap. 

For  enameling  iron  the  direct  process  is  stated  to  be  danger- 
ous to  the  operator,  and  impossible  in  the  case  of  large  articles. 
In  the  Bertrand  enameling,  the  article  is  first  coated  with  mag- 
netic oxide,  then  dipped  in  borosilicales  of  lead,  colored  by 
metallic  oxides,  in  which  is  added  a  little  pipe  clay"  in  order  to 
give  rather  more  body.  The  article  thus  covered  cold,  by 
dipping  or  with  brushes,  is  put  into  the  furnace  ;  the  enamel 
adheres  and  vitrifies  at  the  usual  furnace  temperatures  used 
by  enamelers.  By  putting  a  coating  of  colored  enamel  with  a 
brush  on  a  first  coat  simply  plain,  it  is  possible  to  make  any 
decorations  desired,  which  may  be  burned  in  at  one  operation 
for  out-door  vases,  etc.  These  results,  due  to  the  first  oxida- 
tion with  magnetic  oxide,  are  remarkable  as  much  for  the 
color  as  for  the  tenacity  of  the  enamel  and  its  resistance  to 
rough  usage. 

PROCEEDINGS  OF  SOCIETIES. 


Liverpool  Engineering  Society.— At  a  meeting  on  January 
1?  A  B.  Holmes  read  a  paper  on  the  Public  Supply  of  Elec- 
trical Energy  ;  its  cost  and  price.  In  Liverpool  the  cost  in- 
crease in  lamps  since  1890  has  been  from  12,000  to  25,000. 
The  load  on  a  station  supplying  electricity7  for  lighting  pur- 
poses was  showu  to  be  extremely  variable,  the  maximum  load 
in  winter  being  one  hundred  times  greater  than  the  minimum 
load  in  summer,  the  cost  of  working  the  plant  being  much 
greater  in  consequence  than  would  be  the  case  were  it  possible 
to  run  the  plant  under  uniform  load.  It  was  pointed  out  that 
great  advantage  would  be  derived  from  any  practicable  method 
of  storage,  but  that  the  high  cost  of  accumulators  at  present 
prevents  their  commercial  use  for  that  purpose.  Various 
methods  of  charging  for  the  supply  of  energy  were  described 
and  compared.  It  was  stated  that  at  the  price  charged  for 
electricity  in  Liverpool  the  cost  of  lighting  by  incandescent 
lamps  is  approximately  double  that  of  gas.  It  was  pointed 
out  that  the  patents  for  incandescent  lamps  having  expired, 
lamps  will  gradually  be  improved  in  efficiency,  and  that  with 
reduced  cost  of  production  it  is  to  be  expected  that  the  cost  of 
electric  light  may  in  the  future  not  exceed  the  present  price 

of  gas. 

* 

DETENTIONS  TO  TRAINS  FROM  FAILURES  OF 
PASSENGER  LOCOMOTIVES.  . 


The  following  Table  I  gives  a  report  of  detentions  to  pas- 
senger trains  on  a  prominent  road  from  defects  of  locomotives 
forlhe  month  of  .January.  1894.     It  will  repay  careful  study. 

Table  II  gives  the  detentions  on  the  same  road  for  the  same 
period  for  other  causes  than  engine  failures.  These  are  enu- 
merated in  the  first  column.  We  will  be  glad  to  receive  sim- 
ilar reports  from  other  roads  for  purposes  of  comparison. 
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TABLE  I. 

STATEMENT  OF  DETENTIONS  T-'  PASCTHOEB  TRAINS    FOB  JASCaRY,  1894. 


Divisions. 

A. 

B. 

c. 

D 

Total 

CaU'B  or  Detention?. 

o 

D 

i 

r. 

.H 

= 

- 

= 

.- 

E 

z 

= 

s- 

r-       ! 

:      ir 

V- 

Mn 

* 

Min. 

% 

r< 

Min. 

Min. 

Min. 

2 

0 

1      10 

.. 

1 

10 

* 

20 

1       •', 

1 

6 

Blower  disconnected  

.. 

-• 

' 

28 

i 

7 

1 

is 

1 
1 

7 

Driver  broke 

18 

Equalizer  broke 

.. 

.. 

1 

(i 

1 

0 

Engine  leaking 

.. 

1 

9 

1 

5 

Eccentric  broke- 

.. 

1 

s5 

1 

85 

i 

1 

13 

Guide  bolt 

1 

6 

Governor  pipe  on  air  pump.. 

.. 

1        4 

1        4 

Hose  on  feed  pipe 

.. 

.. 

1 

80 

Hose    between    engine    and 

tender 

.. 

1 

:. 

1 

5 

i 

0     . 

i 

40 

1 

15 

3 

55 

23 

6    113 
i     31 

\ 

1-J4 
90 

' 

109 

19 

11 

He 

2 

144 

Injectors  

1        0 

l 

• 

0 

55 

Key  in  cro*s-head 

1      4.=. 

1 

45 

Key  in  draw-head 

.. 

1 

57 

1 

57 

1 

0 

1       8 

•- 

2 

8 

Pop  valve... 

l 

IT 

1 

17 

Reach-rod  

1       s 

1 

5 

Stirrup  in  driving  springs. . . 

.. 

;    25 

1 

25 

Spin  Ik- on  main-rod  

1 

1 

45 

Strap  on  main-rod  and  both 

cvlinder-heads 

1 

108 

I 

106 

l 

25 

1 

'5 

1 
1 

25 

Slide  in  front  end 

5 

Steam-chest  burst 

J 

46 

1     35 

2     81 

",' 

20 

j      0 

4      20 

Train  line  pipe 

1      13 

1      13 

Valves  broke 

1      10 

1      1" 

Valve  stem  and  voke 

. 

.. 

i 

0 

1 

47 

2      47 

Water  bars 

.. 

1 

5 

1        5 

Wedge 

.. 

i     2 

1        2 

Waste  on  fire 

n 

1        7 

S 

-•: 

1        7 

1    42'    2 

6  9- 

8'43- 

76 

22'  22" 

DlTISION. 


Division  A 
Division  B 
Division  C 
Division  D 


Total  No. 
of  Trains. 


Total  No. 
of  Engine 
Failures. 


Total  Time 
Lost. 


2.414 
3,337 
2.463 
2,640 


11 
26 

18 


Per  cent .  of 
Failur 
No.  of- 

Trains. 


1  h.  42  m. 

5  h.  48  m. 

6  h.  9  in. 
8h.  43  m. 


.0045 
.O07-. 
.0073 
.008 


TABLE  II. 


Divisions. 


B. 


C. 


Detections  by  signals...    2h.    42  m     50  h.    3  m.    35  h.  24  m.    23  h.  51  m. 

Total  time  lost  other 
than  engine  failures 
andsisnals 59  h.    51  m.  121  h.  38  m.    63  h.  49  m.  143  h.  36  m. 

Total  time  lost  ilue  to  all 
caases    64  h.    15  m.  177  h.  29  m.  105  h.  22  m   176  h.  10  m. 

Total  time  made  up  ex- 
ceeding schedule  time.  14  h.      3  m.  107  h.    7  m.   w>h.    3  in.  124  1).  ..  m. 


No.  of  hoi  t>oxcs  on  cars 

Time  lost  due  to  hot 
boxes  on  ears 

No.  of  passenger  trains.. 

Time  lost  due  to  hot 
boxes  per  passenger 
train i 


2.114 


6 


1  1,    4-  m 


0323  m. 


50  m. 


02  '  m 


53  m. 
2,640 


,0300  m 


INTERNATIONAL  STANDARDS  FOR  THE  ANAL- 
YSIS OF  IRON  AND  STEEL. 


ORGANIZATION    AND    WORK   OF   TnE    SUB-COMMITTEE. 


At  the  World's  Congress  of  Chemists,  in  Chicago,  last 
August,  following  the  papers  of  Professor  J.  W.  Langley. 
"  On  the  Work  of  the  Committee  on  International  Standards 


for  the  Analysis  of  Iron  and  Steel."  and  of  Dr.  C.  B.  Dudley, 
■'  On  the  Need  of  Standard  Methods  for  the  Analysis  of  Iron 
and  Steel,  with  Seme  Proposed  Standard  Methods,"  was  a 
brief  discussion,  which  resulted  in  the  reference  by  that  body 
of  the  whole  subject  of  standard  methods  for  the  analysis  of 
iron  and  steel,  to  the  Committee  on  International  Standards 
for  the  Analysis  of  Iron  and  Steel.  That  Committee,  it  will 
be  remembered,  consists  of  seven  chemists,  in  each  of  five 
different  countries— namely,  England,  France,  Germany, 
ien  and  the  United  Slates.  The  American  Committee 
was  appointed  jointly  by  the  American  Society  of  Civil  En- 
gineers and  the  Dniversity  of  Michigan,  with  Professor  .1.  W. 
Langley,  Case  School  of  Science.  Cleveland,  <>..  as  Chairman. 

The  Other  members  of  that  Committee  were:  W.  P.  liarba, 
Midvale  Steel  Works.  Nicetown,  Philadelphia.  Pa.:  A.  A. 
Blair,  4Mii  Locust  Street,  Philadelphia.  Pa.;  Professor  Regis 
Cbauvenct.  President  Slate  School  of  Mines.  Golden,  Col.; 
Professor  T.  M.  Drown,  Massachusetts  Institute  of  Technol- 
ogy, Boston,  Mass.:  Dr.  C.  I!.  Dudley,  Chemist  Pennsylvania 
Railroad  Company,  Altoona,  Pa.,  and  Porter  W.  Shinier,  Eas- 
ton.  Pa. 

Following  the  reference  of  the  subject  to  this  Committee,  it 
was  decided  after  consultation  to  appoint  a  Sub-Committee,  to 
take  up  the  question  of  standard  methods.  The  Sub-Commit- 
tee is  constituted  as  follows  :  W.  P.  Barba.  A.  A.  Blair,  T.  M. 
Drown,  Porter  W.  Shinier  and  C.  B.  Dudley,  Chairman. 

The  Sub-Committee  held  an  organizing  meeting  at  the  office 
of  A.  A.  Blair.  406  Locust  Street,  Philadelphia,  on  December 
13,  all  the  members  being  present.  The  object  of  the  meeting 
was  to  map  out  the  work.     It  was  agreed  as  follows  : 

1.  That  Mr.  Blair  should  submit  a  form  of  circular  to  go  to 
the  iron  and  steel  chemists  of  the  country,  asking  for  a  brief 
outliue  of  the  methods  which  they  prefer,  and  the  reasons  for 
all  the  important  points  of  their  methods. 

J.  That  the  work  of  the  Committee  should  comprehend  the 
recommendation  of  standard  methods  to  be  used  as  the  basis 
of  commercial  transactions,  and  when  any  of  these  methods 
could  not  be  used  in  steel  works  in  daily  practice,  on  account 
of  lime  required,  an  alternative  rapid  method  should  be  recom- 
mended, and  its  limitations  defined. 

3.  That  the  members  of  the  Committee  should  draw  up  each 
proposed  standard  method  in  writing,  with  some  minuteness, 
and  <:ive  the  reasons  for  each  important  point,  these  written 
drafts  to  be  sent  to  the  Chairman,  to  be  duplicated,  and  sent 
to  everj-  member  of  the  Committee.  Later,  l  he  points  agreed 
upon  are  to  be  edited  by  some  one  member  of  the  Committee. 

4.  That  only  one  element  should  be  embraced  in  a  method. 

5.  That  the  first  method  to  be  taken  up  should  be  phos- 
phorus in  steel. 

6.  Mr.  Barba  offered  to  furnish  to  each  member  of  the  Com- 
mittee, a  suitable  quantity,  not  less  than  a  pound  or  so,  of 
borings  of  three  (3)  different  kinds  of  steel  — namely,  one  of 
from  0.01  to  0.02  phosphorus,  carbon  about  0  90,  and  silicon 
about  0.10  ;  another  with  phosphorus  not  far  from  0.06,  car- 
bon 0.50  to  0.60,  silicon  0.25  to  0.30,  and  arsenic  0.15  per  cent. 
The  above  two,  to  be  crucible  steel.  Another  sample  of  open- 
hearth  steel  of  carbon,  0.90  to  1.05  ;  phosphorus,  0  02  to  0.04  ; 
manganese,  0.30  to  0.40  ;  silicon,  0.20  to  0.25  ;  sulphur,  0.02 
to  0.04  ;  and  copper  anywhere  below  0.10. 

7.  Dr.   Dudley  offered  to  furnish  to  each  member  of  the 
Committee  a  like  amount  of  borings  from  a  sample  of  Bessemer 
steel  of  from  0.10  to  0.12  phosphorus,  carbon  about  0.50,  man- 
se 0.80  to  1.00,  silicon  0.02  to  0.05,  sulphur  0.01  to  0.10, 

and  copper  from  0.07  to  0.10.  These  samples  of  sleel  to  be 
used  in  deciding  various  questions  that  may  come  up  in  regard 
to  proposed  methods. 

A.  very  earnest  feeling  was  manifested  at  the  meeting  of  the 
Sub-Committee,  and  the  outlook  for  some  good  work  is  ap- 
parently very  favorable. 
Approved  :  Ciiari.es  B.  Dudley. 

J.  W.  Lahqlbt,  Chairman  Sub- Committee. 

Chairman  Committee  on  Inter  Standard. 


FIRE  AT  PURDUE  UNIVERSITY. 


The  President  and  Director  of  (he  Engineering  Laboratory 
of  Purdue  University  have  issued  a  circular  to  its  "  friends." 
in  which  they  announce  the  destruction  by  fire  of  the  new 
Engineering  Laboratory  on  the  night  of  January  23— four 
tlays  after  its  dedication.     In  the  announcement  it  is  said  : 

"  The  fire  originated  in  Ihe  boiler-room  and  spread  wilh 
great  rapidity.  Its  progress  could  not  be  checked  until  the 
larger  part  of  a  fine  building  had  been  destroyed.  Three 
laboratory  roon  s  were  burned:  (he  machine-room  with  its 
2o  lathes,  its  planers,  shapers.  drill  presses,  milling  machines, 
and  its  large  supply  of  small  tools  ;  the  forge  room  with  its 
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32  power  forges  :  and  the  laboratory  for  advanced  work,  which 
contains  Purdue's  now  famous  locomotive  Schenectady,  a 
triple-expansion  Corliss  engine,  and  much  other  apparatus  de- 
signed for  work  in  steam  engineering,  hydraulics,  and  strength 
of  materials.  Nothing  in  these  rooms  escaped  the  fire.  Not 
only  was  all  the  apparatus  lost,  but  also  a  large  amount  of  ex- 
perimental data.  The  main  portion  of  the  building  was  also 
consumed.  This  contained  three  stories,  50  ft.  X  150  ft.  It 
was  occupied  by  drawing-rooms,  recitation  and  lecture  rooms, 


•      RIEHLE 
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RIEHLE  MEASURING  AND  PER  CENT.  GAUGE. 

instrument-rooms,  offices  and  a  mechanical  museum.  Some 
of  the  furniture  and  apparatus  in  these  rooms  was  carried  out 
before  the  fire  took  possession,  but,  as  already  slated,  this  part 
of  the  building  was  entirely  burned. 

"  The  only  portion  still  standing  comprises  the  wood-room 
and  foundry.  These  rooms  were  not  damaged  except  by  the 
temporary  removal  of  the  more  portable  portion  of  their  equip- 
ment. 

"  The  incidental  losses  by  the  fire  are  considerable.  Mem- 
bers of  the  faculty  have  lost  books,  papers  and  data  ;  students, 
their  instruments  ;  and  many  manufacturers  in  every  part  of 
the  country,  who  by  gifts  or  liberal  discounts  had  co-oper- 
ated in  the  equipment  of  the  building,  have  lost  their  represen- 
tation there. 

"  Such  a  laboratory  as  the  one  burned  is  the  result  of  many 
influences,  not  among  the  least  of  these  being  the  suggestions 
of  professional  friends  and  the  material  assistance  of  those 
who,  as  manufacturers  and  builders,  are  helping  to  advance  the 
standard  of  engineering  construction.  We  gratefully  acknowl- 
edge the  assistance  thus  rendered,  and  hope  that  our  success 
in  the  past  may  warrant  a  continuation  of  the  interest  that  has 
heretofore  been  accorded  us." 

A  course  of  lectures  on  the  protection  of  buildings  from  fire 
would  seem  to  be  in  order  at  Ibis  and  perhaps  at  other  similar 

institutions. 

• 

RIEHLE  MEASURING  AND  PER  CENT.   GAUGE. 


We  present  to  our  readers  in  this  issue  an  illustration  of 
the  Riehle  measuring  and  per  cent,  gauge.  An  ingenious 
apparatus  of  this  kind  will  be  readily  appreciated  by  those  in 
charge  of  testing  departments,  where  the  percentage  of  elonga- 
tion on  tensile  specimens  of  metal  is  required.  It  has  eight 
notches  1  in.  apart,  and  is  12  in.  long,  the  4  in.  beyond  the 
notches  being  laid  off  and  graduated  to  show  the  elongation  in 
per  cent,  without  other  measuring  or  figuring. 

On  the  under  side  is  a  shoulder  running  with  the  length  of 
the  scale,  so  that  the  lines  scribed  to  show  the  inches  will  be 
across  the  test  piece,  at  right  angles  to  its  axis.  The  scale  is 
used  either  with  the  lines  scribed  with  this  instrument,  or 
with  pieces  laid  off  with  the  double-pointed  center  punch.  It 
is  a  great  time  saver,  and  its  use  also  eliminates  the  possibility 
of  error  in  measuring  extensions  and  figuring  the  percentage 
of  elongation.  For  pieces  laid  off  in  lengths  other  than  8  in. 
the  percentage  scale  is  in  proportion  :  Thus  in  4-in.  measure- 
ments the  reading  is  doubled,  and  in  2-in.  measurements  it  is 
quadrupled.  It  is  made  only  by  Riehle  Brothers'  Testing 
Machine  Company,  Philadelphia,  Pa.  It  is  in  use- by  several 
testing  bureaus,  among  otliers  the  Robert  W.  Hunt  <fc  Co. 
Bureau  of  Inspection,  Tests  and  Consultation,  Chicago  ;  also 
at  the  Testing  Department  of  the  Illinois  Steel  Works,  North 
Chicago  Works,  and  the  Department  of  Physical  Tests  of 
Riehle  Brothers'  Testing  Machine  Company,  Philadelphia. 


Recent  Patents. 


BAIXII  s   KAIL   JOINT. 

Tin-;  engravings  Bhow,  fig.  1,  a  side  view  ,  fig.  2,  a  trans- 
verse section  on  the  line  2  2,  of  fig.  1,  looking  toward  the 
right  ;  fig.  3,  a  similar  section  on  the  line  :!  3  at.  the  middle  of 
the  splice  bars  ;  and  tig.  4  is  a  perspective  view  of  the  bars 
with  the  rails  omitted.  The  inventor  describes  this  invention 
as  follows  : 

"  The  splice  bars  11  are  extended  below  the  base  of  the  rails. 
The  portions  e,  tigs.  2  and  4,  at  the  ends  of  the  liars  are  folded 
tight  against  the  under  side  of  the  base  of  the  rails.    The  portions 


e  so  folded  rest  on  the  ties  O,  C"  under  the  rail,  and  form  a  chair 
for  the  rail.  The  middle  portions  D  of  the  splice  bars  B,  in- 
stead of  being  folded  tight  against  the  under  side  of  the  base 
of  the  rail,  are  projected  down  in  a  vertical  position  at  the 
edge  of  the  base  and  form  the  trusses  D,  one  on  either  side  of  the 
rail.  The  metal  between  the  truss  D  and  the  horizontal  por- 
tion e  of  each  bar  is  left  intact.  Of  course  it  will  be  some- 
what stretched  by  the  bending  of  the  plate,  of  which  the  bar 
is  composed,  to  the  desired  form.  The  metal  could  be  divided 
between  the  two  parts  D  and  e  and  still  em- 
body my  invention.  The  bars  B  are  bolted  to 
the  rails  by  the  bolts  d,  which  pass  through 
the  bars  B  at  and  through  the  web  of  the  rails 
in  the  usual  manner.  Notches  are  cut  in  the 
bars  at  i,  fig.  4,  to  receive  the  spikes  that  hold 
the  whole  securely  to  the  ties.  Bolts  could 
also  be  inserted  through  the  trusses  I)  to  hold 
the  bars,  but  they  are  not  necessary,  and  I 
prefer  not  to  use  them. 

"  The  upper  part  of  the  splice  bars  B  are  in  the  usual  form 
of  angle  bars  for  that  purpose,  except  that  the  upper  edge, 
instead  of  being  straight,  is  curved  to  leave  a  small  space  at 


BALCH'S  RAIL  JOINT. 

each  end  between  the  bars  and  the'  head  of  the  rail.  The 
splice  bars  fit  tight  to  the  heads  of  the  rails  at  the  ends  of  the 
rails.  This  form  of  construction  operates  to  relieve  the  joint 
from  shocks,  for  the  reason  that  when  the  weight  of  the  trucks 
of  a  car  or  train  of  cars  are  on  each  side  of  the  joint  beyond 
the  ties  C,  &,  shown,  the  tendency  is  to  raise  the  ends  of  the 
rails  up,  the  ties  G,  C",  acting  as  fulciums.  The  small  spaces  x 
at  the  ends  of  the  bars  permit  this  to  take  place  without  break- 
ing or  straining  the  joint." 

The  inventor  has  recogni/.ed  the  fact  that  in  a  rail  joint 
rigidity  of  the  joint  is  notof  so  great  importance  as  continuity. 
That  i's,  it  does  not  make  a  great  deal  of  difference  whether  a 
joint  deflects,  but  it  isof  the  utmost  importance  that  the  ends  ol 
the  two  rails  should  be  held  so  that  their  positions  will  always 
conform  to  each  other,  and  the  tops  of  the  tw.o  rails  be  in  a  contin- 
uous line.  It  does  not  matter  much  whether  this  is  an  absolute  ly 
straight  line  or  is  slightly  curved,  but  it  is  of  the  greatest  impor 
tance  that  the  end  of  one  rail  should  not  project  above  that  of 
the  other.  Thus,  if  a  car  or  engine  is  moving  toward  the  left, 
if  when  it  comes  to  .1.  tig.  1.  the  tie  C and  the  rail  .1  should 
be  depressed,  if  the  latter  carries  the  cud  of  .1  with  it,  so 
that  when  the  wheel  gets  to  the  joint  at  J  the  top*  of  the  two 
rails  are  flush,  the  wheel  will  roll  over  the  joint  and  there  will 
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be  very  little  shock  or  concussion,  even  though  both  rails  are 
deflected  at  the  joint.  If,  however,  the  rail  A  is  depressed  in- 
dependently of  .4',  and  when  the  wheel  reaches  tlie  end  of  A 
it  projects  one-sixteenth  of  an  inch  or  more  above  .1.  there 
will  be  a  shock  proportionate  to  the  difference  in  height  of  the 
ends  of  the  two  rails.  A  similar  result  would  follow  if  the 
tie  G  was  rigidly  supported  and  C  was  unsupported,  and 
would  be  depressed  when  the  end  of  the  rail  A  was  loaded. 
In  that  ease  the  wheel  would  drop  from  an  elevation  at  the 
end  Jot  the  rail  A  and  fall  on  .1  .  whatever  distance  the  tie  <" 
could  be  depressed,  and  a  concussion  and  battering  of  the  end 
of  the  rail  A  would  result.  If,  however,  the  ends  of  the  two 
rails  are  securely  held,  so  that  their  top  surfaces  will  always 
be  exactly  flush  with  each  other,  then,  no  matter  whether 
either  or  both  are  deflected,  a  smooth  joint  will  be  maintained 
nevertheless. 

It  may  be  added  that  absolute  rigidity  in  track  is  impossible. 
Of  course,  with  very  heavy  rails  and  plenty  of  ballast  ami 
thoroughly  good  maintenance  there  will  be  more  rigidity  than 
i-  possible  with  light  rails,  little  or  no  ballast,  and  neglect  <>f 
repairs.  The  deflection  of  rails  must,  however,  be  recognized. 
There  will  always  be  deflection,  and  it  should  be  provided  for. 
The  inventor  of  this  rail  joint  has.  therefore,  it  is  thought 
very  wisely,  made  provision  for  this,  and  has  made  the  top 
edges  of  his  splice  bars  curved,  so  that  they  fit  light  to  the 
rails  only  at  their  ends,  and  there  is  a  little  space  or  clearance 
between  the  ends  of  the  bars  and  the  under  side  of  the  heads 
of  the  rails.  This  allows  deflection  of  the  rails  to  take  place 
without  undue  strain  on  the  bars.  The  bars  form  a  bridge 
extending  from  one  tie  to  the  other,  which  is  made  as  rigid  as 
possible  to  support  the  ends  of  the  rails,  but  if  one  of  the 
abutments  should  be  depressed  the  consequent  def.ectiou  of 
the  rails  does  not  bring  an  undue  strain  on  the  bridge.  The 
rigidity  of  the  bridge,  it  will  be  seen,  is  obtained  bylhe  form 
into  which  the  lower  flanges  e  e  are  bent,  as  shown  at  J). 

Altogether  this  invention  seems  to  be  a  very  promising  one. 
The  inventor  is  Mr.  Frank  C.  Balch,  of  Kalama/.oo,  Mich. 
His  patent  is  No.  509,422,  and  is  dated  November  28,  1893. 

HUNTS   JOURNAL  BEARFNG. 

Mr.  Charles  W.  Hunt,  of  New  York,  has  recently  patented 
the  ingenious  device  shown  iu  the  engravings  for  "  setting 
up"  the  bearings  of  journals,  such  ascrankpins  and  other 
journals  where  a  "stub  end"  or  "strap-end"  is  ordinarilv  pro- 
vided. 

Fig.  1  is  a  longitudinal  and  fig.  2  a  tranverse  section  of  this 
arrangement,  which  is  described  as  follows  in  the  specifica- 
tion : 

"  The  crank  pin  or  shaft  at  .1  is  provided  with  the  brasses 
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IICNT'S  JOUKNAL  BEARING. 

or  boxes  II  ' '.  and  these  arc  held  in  any  suitable  support,  such 
as  the  end  of  the  COnnecl ing-rod  D,  and  adjacent  lo  one  of  the 
boxes  there  is  a  cavity  /•.'  into  which  are  inserted  balls  or 
spheres  /•',  preferably  of  hard  steel.  A  series  of  balls  are  used 
of  various  diameters  introduced  into  the  cavity  adjoining  the 
box  or  brass  that  is  to  be  sel  up,  and  a  screw  0  is  provided, 
sometimes  having  a  tapering  point,  that  passes  into  the  hole 
through  which  the  balls  may  be  introduced,  ami  such  screw 
pressing  upon  the  bills  causes  them  to  come  into  intimate  asso- 
ciation and  bearing  one  upon  the  other  and  also  upon  the  box 
that  is  to  be  set  up,  and  these  balls  slide  one  upon  the  other 
as  pressed  upon   by  the  scree  .  exert  the  necessary 

force  against  the  whole  of  the  outer  surface  of  the  box  or 
bearing,  to  press  the  same  to  its  position.  By  making  use  of 
balls  or  sphere^  of  different  sizes  I  am  enabled  to  obtain  a  sub- 
stantially fluid  condition,  so  that  the  screw  1  •  when  it  is  pressed 
upon  the  sphen  ne  to  roll  upon  another,  and  a  press 

lire  to  be  exerted  around  all  sides  ,,f  the  cavity  /-,'an  1  against 
one  side  of  the  box  ft  so  as  to  press  the  same  u  ith  the  desired 


force  against  the  crank-pin  or  shaft  A.  It  is  preferable  to 
make  the  opening  for  the  screw  G  sufficiently  large  for  the 
balls  to  pass  freely  through  the  same  and  into  the  cavity,  and 
to  introduce  lubricating  material  with  the  balls  for  the  two- 
fold purpose  of  preventing  rust  and  for  causing  the  balls  lo 
slide  or  roll  freely  one  upon  the  other  under  the  action  of  the 
screw  G,  as  the  same  may  be  set  up  from  time  to  time  ;  and 
it  will  be  observed  that  there  is  no  hammering  or  loosening 
action  exerted  upon  the  screw  6.  Hence  the  same  is  not 
liable  to  turn  or  to  become  loose,  and  when  the  parts  have 
come  to  a  proper  bearing  any  wear  or  looseness  can  be  taken 
up  with  great  facility  by  a  slight  turn  of  the  screw  a. 

"  Iu  practice,"  the  inventor  says,  "that  when  balls  of  the 
same  si/e  are  used  they  pile  with  regularity  similar  lo  pyra- 
mids and  wedge  into  the  cavity,  and  there  is  not  a  tendency  to 
press  in  any  direction  :  but  when  the  balls  are  of  different  sizes 
they  will  not  pile  or  pack,  but  slide  and  move  one  on  I  he 
other  similar  to  a  liquid,  and  hence  press  in  any  direction 
within  the  cavity  when  acted  on  bj  the  screw." 

The  invention  is  a  very  ingenious  one,  and  should  practical 
experience  confirm  the  promise  of  its  usefulness,  it  may  effect 
an  entire  change  in  the  construction  of  strap  ends,  which  have 
held  their  own  for  more  than  a  century. 

The  inventor  is  Mr.  Charles  W.  Hunt,  the  well  known  manu- 
facturer of  hoisting  and  conveying  machinery,  of  4"i  Broad- 
way. New  York.  The  number  of  his  patent  is  512,826,  and 
the  date  is  January  Pi,  1894. 

SAI.VKTKKS    METAL   DRAFT-SILL   FOR   CARS. 

"  The  main  object  of  this  invention,"  it  is  said  in  the  speci- 
fication, "  is  to  provide  a  draft-sill  that  is  light  ami  compact, 
and  is  at  the  same  time  capable  of  withstanding  the  severe 
shocks  and  strains  lo  which  this  part  of  cats  is  commonly  sub- 
jected. For  this  purpose  the  sill  is  made  of  metal  instead  of 
wood,  and  such  portions  of  the  sill  as  would  bear  little  or  no 
portion  of  the  strains  is  cut  away,  and  certain  flanges  and 
other  appendages  ate  provided,  preferably  cast  integral  with 
the  sill  and  calculated  to  greatly  increase  the  strength  without 
adding  materially  to  the  weight  and  bulk  then 

The  general  construction  which  is  proposed  will  be  under- 
stood from  the  engravings  without  other  description.  Fig.  1 
is  a  longitudinal  vertical  section  of  the  draw-gear  of  a  car 
drawn  on  the  line  1 — 1  of  fig.  2,  and  shows  one  of  the  metal 
draw-sills  as  seen  from  the  inner  side.  Fig.  2  is  a  transverse 
vertical  section  on  the  plane  of  line  2—2  of  fig.  1,  looking  from 
the  left  in  tig.  1.  Fig.  '■'•  is  a  plan  view  of  a  pair  of  the  draft- 
sills,  showiug  one  of , them  in  section,  (his  section  being  on  the 
plane  of  line  3 — 3  of  fig.  1.  Fig  4  is  a  side  elevation  of  one 
of  the  sills,  as  seen  from  its  outer  side. 

While  the  general  construction  of  these  draw-sills  will  be 
apparent  from  the  engravings,  the  inventor's  description  of 
some  of  the  special  features  will  be  quoted.  The  specification 
says  : 

'•  Extending  horizontally  between  the  upper  portion  of  the 
front  and  rear  draw-lugs  26  and  27,  and  projecting  at  right 
angles  from  the  inner  surface  of  each  sill  near  its  upper  edge, 
is  an  offset  or  flange  36,  along  the  under  surface  of  .which  are 
moved  the  upper  edges  of  the  respective  draw-followers  30  and 
:!1  when  the  car  is  drawn  forward  or  backed,  and  the  draw- 
spring  is  depressed,  these  flanges  36  serving  to  confine  said 
draw-followers  and  prevent  their  rising  upward  out  of  place. 
The  flange  or  offset  36  is  cast  integral  with  the  sill,  both  for 
simplicity  and  greater  strength. 

"  Extending  horizontally  between  the  lower  portion  of  the 
front  and  rear  drawings,  and  corresponding  to  the  flanges  :;i; 
just  described,  are  the  removable  tie-plates  :17,  which,  after 
the  draw-head,  draw  spring,  and  draw  followers  have  been 
inserted  in  their  proper  places,  are  placed  against  the  lower 
surface  of  the  draw  Inus  and  securely  held  to  said  lugs  by 
bolts  38  passing  through  vertical  perforations  (tig.  3)  in  the 
front  and  rear  draw-lugs  26  and  27,  These  tie-plates  hold  the 
draw-followers  ami  co-operating  parts  in  place,  and  prevent 
the  same  from  dropping  or  being  forced  out  of  position  down- 
wardly. 

"  It  will  be  observed  that  the  strain  on  the  draft-sill  will 
ordinarily  be  greatest  in  the  vicinity  of  the  draw  followers, 
and  will  diminish  toward  the  rear  portion  of  the  draft-sill, 
which  rear  portion  is  therefore  made  of  decreasing  height. 
A  further  saving  of  metal  and  lightness  of  the  sill  are  secured 
by  cutting  away  the  middle  portions  of  the  same  in  the  spaces 
between  the  columns  17  before  described,  as  clearly  shown  in 
tiL's.  1  and  4.  For  a  like  purpose  a  considerable  part  of  the 
middle  portion  of  the  columns  17  may  be  cut  away,  as  clearly 
shown  in  tigs.  2  and   1. 

"  The  front  ends  (or  ends  furthest  to  the  left  in  tig.  1)  of  the 
draft-sill   13  are  preferably  turned  slightly  inward,  approach- 
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ing  more  closely  toward  each  other  and  toward  the  draw-head 
than  the  remaining  portions  of  the  sill. 

"  Extending  vertically  across  the  inner  surface  of  the  sills 
near  the  front  end  just  described  I  provide,  preferably  cast 
integral  with  the  sills,  raised  ribs  40,  having  semi-cylindrical 
vertical  grooves  in  which  rest  the  bolts  25  which  secure  to- 
gether the  deadwood  23,  carrier-iron  24,  and  front  ends  of  the 
sills,  as  above  described.  It  will  be  evident  that  the  space 
between  the  sills  at  the  front  end  is,  in  this  manner,  greatlv 
contracted,  the  object  of  which  construction  is  to  leave  only 
a  very  limited  play  for  the  draw-head,  thereby  guarding 
against  breakage  of  Ihe  reduced  part  or  tail  pin  29  and  the 
draw-followers  30  and  31,  the  shock  of  a  sideward  thrust  of 
the  draw-head  being  spent  on  and  resisted  mainly  by  the  bolts 
25  just  described." 

The  inventor  does  not  say  in  his  specification  whether  he 
contemplates  making  these  draw-sills  of  cast  iron  or  cast  steel, 
but  obviously  they  must  be  made  either  of  the  one  metal  or 
the  other. 

The  patentee  is  the  well-known  car-builder,  Theodore  C. 
Salveter,  of  St.  Louis.  The  number  of  his  patent  is  512,329, 
and  the  date  is  January  9,  1894. 

LOCOMOTIVE   ENGINE. 

There  is  perhaps  no  problem  in  connection  with  locomotive 
engineering,  if  we  except  the  valve-gcariug  on  which  so  much 
ingenuity  has  been  exercised,  as  on  that  of  providing  a  flexible 
driving-wheel  base.  By  that  is  meant  an  arrangement  of 
driving-wheels  which  will  permit  them  to  adjust  themselves 
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to  the  sinuosities  of  curves  and  assume  radial  positions  in  rela- 
tion thereto.  A  very  large  number  of  such  inventions  have 
been  proposed  of  varying  degrees  of  practicability  and  im- 
practicability— chiefly  the  latter.  Messrs.  Richard  Klein  and 
Robert  Lindner,  of  Chemnitz,  Germany,  have  recently  taken 
out  an  American  patent  for  an  ingenious  arrangement,  which 
is  not  without  some  promise  of  success. 

Fig.  1  is  a  transverse  section  on  the  lines  t  c  and  v  id  of  fig.  3, 
which  is  a  plan  of  the  running  gear  of  a  six-wheeled  coupled 
locomotive.  Fig.  2  is  a  transverse  section  in  the  middle  of  the 
leading  axle  on  the  line  x  y  of  fig.  1. 

The  invention  relates  to  what  is  called  in  the  specifications 
"  displaceable"  axles.  In  the  illustrations  herewith  only  one 
such  displaceable  axle — the  leading  one— is  shown,  but  the 
inventors  describe  an  engine  in  which  both  the  front  and  trail- 
ing axles  are  arranged  in  this  way,  and  the  intermediate  axles 
also  have  some  capacity  for  lateral  movement. 

The  displaceable  axle  consists  of  what  the  inventors  call  an 
"  inner  core,"  which  in  reality  is  a  shaft  A  which  is  attached 
to  the  frames  F Fby  journals  //of  the  ordinary  type.  This 
shaft  is  driven  by  cranks  and  coupling-rods  in  the  usual  way. 
The  wheel  centers,  which  are  attached  to  this  shaft,  are  each 
made  with  a  hollow  sleeve,  B,  which  extend  from  the  wheels 
to  the  longitudinal  center  line  of  the  engine,  and  are  then 
bolted  together  by  suitable  flanges  B' ,  shown  clearly  in  figs.  2 
and  3.  The  central  shaft  or  "  core"  is  provided,  at  its  center, 
with  a  spherical  or  "  ball"  bearing  a,  which  is  journaled  in  a 
corresponding  spherical  bearing  6,  tig.  1,  made  in  two  parts 
ami  secured  to  the  sleeve  B.  The  extremities  c  c  of  the  bolt 
have  bearings  r  r,  which  are  enclosed  in  slots  d  in  such  a  man 
ner  that  they  have  a  certain  play  transversely  to  the  (rack, 
and  may  also  turn  around  the  axis  of  the  bolt,  but  have  no 
play  at  all,  or  but  very  little,  in  the  longitudinal  direction  of 
the  track  or  circumferentially  to  the  shaft.  It  will  be  under- 
stood, therefore,  that  while  the  sleeve  B  may  be  displaced 


laterally  on  the  shaft  or  axle  proper  A,  and  may  assume  a 
position  at  an  angle  to  .4,  yet  in  no  case  will  the  axle  or  shaft  A 
be  able  to  rotate  without  the  sleeve  B,  but  both  parts  will  always 
rotate  together.  Rings// are  inserted  within  the  sleeve  and 
are  firmly  secured  to  the  same.  These  rings  enclose  and  hold 
part  of  the  bearings  b,  which  can  move  in  the  sleeve  a  certain 
distance  transversely  to  the  engine  or  in  the  direction  of  Ihe 
axis  of  the  shaft  or  axle  A.  The  rings/also  limit  the  trans- 
verse displacement  or  movement  of  b  in  the  sleeve.  A  small 
annular  space  e  is  left  between  the  rings/ and  bearing  b.  in 
order  to  allow  for  the  movement  of  the  latter.  Two  coiled 
springs  g,  bearing  with  one  end  against  a  shoulder  of  the 
sleeve  B.  and  with  the  other  end  against  the  ring/ and  the 
bearing  b,  constantly  tend  to  bring  the  sleeve  B  and  the  wheels 
Winto  the  normal  position  shown  in  fig.  1. 

The  sleeve  B  has  two  collars  or  journals  a.  the  surfaces  of 
which  are  also  turned  to  a  spherical  form.     To'these  rings  or 
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straps  m  are  loosely  fitted,  and  to  the  rings  connecting  rods  m\ 
fig.  3,  are  secured,  which  is  jointed  to  a  bolt  P.  This  bolt  is 
connected  to  a  coiled  spring  h. 

In  their  specification  the  inventors  describe  the  action  of 
their  engine  as  follows  : 

"  When  the  engine  enters  a  curve,  the  core  A  will  remain 
perpendicular  to  the  longitudinal  walls  of  the  frame  ¥.  The 
sleeve  B,  however,  will  assume  such  a  position  that  its  axis 
will  be  normal  to  the  rails—/.- ..  directed  toward  the  center  of 
the  curve.  It  will  be  obvious  that  this  adjustment  of  the 
sleeve  B  carrying  the  wheels  will  be  automatic,  the  rails  act- 
ing as  guides  for  the  tl:itiLre^  of  the  wheels.  At  the  same  time 
the  sleeve  B  and  core  .1  will  be  displaced  somewhat  in  rela- 
tion to  each  other,  transversely  to  the  track.  One  of  the 
springs  g  will  be  compressed  by  this  movement,  and  the 
spring  ft  will  likewise  be  compressed.      When  the  track  is 


144 


THE    AMERICAN    ENGINEER 


[March,  1894. 


again  in  a  straight  line,  the  spring  g,  which  has  been  com- 
pressed, will  expand  and  bring  the  sleeve  B  back  to  its  central 
position,  as  shown  in  fig.  3.  The  spring  h  will  likewise  ex- 
pand and  thereby  restore  the  sleeve  ],'  to  the  position  in  which 
its  axis  coincides  with  that  of  the  core  .1.  It  will  be  obvious 
that  the  running  of  the  engine  through  sharp  curves  will  be 
considerably  facilitated  by  the  automatic  adjustment  of  the 
wheels  tangentially  to  the  rails. 

"  Another  advantage  of  our  improved  construction  is  that 
each  of  the  wheels  connected  to  one  sleeve  B  carries  exactly 


"  6  is  a  washer  plate  bearing  against  the  inclined  notch  33 
ami  extending  across  the  rear  ends  of  both  drawbar  timbers 
and  block  5. 

"  7 — 7  are  two  truss-rods  which  pass  through  the  plate  or 
washer  <i,  through  the  grooves  in  the  sides  of  the  block  5,  and 
through  slots  in  the  sides  of  the  central  timber  111,  and  through 
the  end  sill  9,  and  washer  8.  Upon  its  extremity  a  nut  is 
screwed  which  bears  upon  the  washer  8. 

"The  block  5  extends  slightly  above  the  drawbar  timbers 
1 — 1  which  fits  into  the  forward  end  of  said  notch.     13  is  a 
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the  same  load,  as  the  entire  load  borne  by  one  axle  rests  upon 
the  center  of  (he  sleeve.'' 

It  docs  not  seem  entirely  certain  though  that  the  engine  will 
work  exactly  as  the  inventors  expect.  If,  for  example,  it  was 
running  with  the  leading  wheels  W  II",  tig.  3,  ahead,  and  II' 
should  come  in  contact  with  the  outer  rail  of  a  curve,  the 
effect  of  the  pressure  of  the  rail  against  the  Bange  of  this  wheel 
would  be  to  push  it  back  and  compress  the  spring  //.  If  this 
should  occur  the  axis  of  the  wheels  II"  11'',  instead  of  assum 
ing  an  inclined  position,  which  would  be  radial  to  the  curve, 
would  be  inclined  in  the  reverse  way.  This  obviously  would 
be  dangerous.  A  much  better  plan  would  appear  to  be  to 
attach  the  straps  or  rings  ;/  on  the  bearings  m  to  a  frame  sim- 
ilar to  that  of  a  Bissel  or  pony  truck,  indicated  by  the  dotted 
lines,  and  pivoted  to  a  center  pin  at  O.  If  the  leading  wheels 
were  then  displaced  laterally  by  the  pressure  of  the  flange  of 
cither  wheel  against,  a  curved  rail,  the  frame  H  II  moving 
about  the  center  pin  (}  would  cause  the  axis  of  the  wheels 
W  H"  to  assume  a  position  radial  to  the  curve. 

The  dotted  lines,  II  11,  have  been  added  to  the  engraving 
accompanying  the  patent  specification. 

The  number  of  the  patent  is  511,531,  and  the  date  December 
20,  ISO;:. 

1  01. 1.    \mi  GRIEVES  DRAW-GEAR  FOR  CARS. 

The  accompanying  engravings  show  an  analogous  invention 
to  that  of  "Sir.  Salveter's.  Its  object,  the  inventors  say,  is  to 
strengthen  the  framework  of  cars  to  resist  the  shock  of  impact 
in  coupling. 

Fig.  1  represents  a  longitudinal  section  of  this  draw-gear, 
fig.  2  a  plan,  and  fig.  3  an  end  view  of  the  block  5. 

"  In  the  form  of  construction  designed  by  the  inventors  of 
this  arrangement,  11—11,  tig.  2.  represent  the  usual  center 
sills  commonly  used  on  cars.  10  is  a  central  timber  not  usually 
used  in  constructing  freight  cars  of  this  class.  It  stands  be- 
tween the  limbers  11 — 11,  to  which  it  is  bolted  by  a  scries  of 
transverse  bolts.  The  end  of  the  limber  10  abuts  against  tie 
end  sill  9  in  its  center  and  between  the  truss  rods  7— 7.  Tie 
under  side  of  the  timber  10  is  notched  at  11  — II.  fig.  1.    1—1 

are  the  drawbar  timbers  of  the  Car  :  2  the  coupling  head  and 
bumper  ;  3  the  bumper-spring  :  I  the  bumper  follower-plate. 
upon  which  the  bumper  spring  rests. 

"  5  is  a  tilling  block  which  stands  between  the  rear  ends  of 
the  drawbar  timbers  1—1,  to  which  it  is  bolted  by  horizontal 
bolts  22—22  passing  through  said  timbers  ami  block.  The 
rear  ends  of  both  drawbar  timbers  and  block  5  are  made  of 
the  same  shape,  and  at  the  lower  corner  are  provided  with  a 
notch  having  an  inclined  surfao 


cross-brace  timber  which  stands  immediately  behind  the  blockT> 
and  the  drawbar  limbers  1  —  1,  and  against  which  they  abut  ; 
it  fits  on  its  upper  edge  into  the  other  end  of  the  notch  14, 
and,  together  with  the  block  5,  occupies  said  notch. 

"  It  will  be  readily  seen  that  when  a  blow  is  struck  upon 
the  coupling,  the  shock  will  be  received  by  the  bar  2,  and  im- 
parled to  the  plate  4,  and  drawbar  timbers  1 — 1  and  the  block 
5,    both  of  which  abut  upon  the  cross  timber  13,  which  is 
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COLE  AND  GRIEVES'  DRAW  GEAR. 

notched  into  the  timber  10.  Timber  111  being  bolted  by  a 
Series  of  horizontal  bolts  to  the  frame  timbers  Of  Hie  car-body, 
Hie  strain  put  upon  the  drawbar  timbers  1  —1  and  the  block  5 
will  also  lie  imparted  to  the  truss  roils  7 — 7,  through  the  plate  G, 
and  by  said  bolts  to  the  end  sill  0.  and  to  the  frame  of  the  car. 
It  will  thus  be  seen  that  all  shocks  upon  the  couplings  will  be 
equally  distributed  throughout  the  car  frame,  and  the  maxi- 
mum strength  secured." 

The  inventors  are  Francis  .1.  Cole,  Mechanical  F.n<_rineer,  and 
Edward  <;.  Grieves,  Master  Car-Builder  of  the  Baltimore  & 

Ohio  Railr I.  both  "f  Baltimore.     Their  patent  is  numbered 

511,588,  and  its  date  is  December  86,  1893. 
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EDITORIAL   NOTES. 


A  curious  remark  was  made  by  a  railroad  man  at  the  last 
meeting  of  the  New  York  Railroad  Club.  One  of  the  speakers 
had  alluded  to  the  fact  that  the  coefficient  of  friction  between 
the  axle  and  the  brass  was  dependent  to  a  great  extent  upon 
the  quality  of  the  materials  and  oil  used,  and  that  it  had  con- 
siderable to  do  with  the  train  which  an  engine  was  capable  of 
hauling.  The  railroad  man  remarked  that  "  practical  railroad 
men  had  other  things  to  attend  to  besides  looking  after  coeffi- 
cients of  friction."  It  would  seem  that  if  there  were  any  one 
thing  that  the  practical  railroad  man  should  make  himself 
familiar  with,  it  is  this  very  thing  ;  and  possibly  if  the  man 
who  made  the  criticism  would  pay  more  attention  to  these 
trifles  his  engines  would  haul  longer  trains  and  hot  boxes 
would  be  of  less  frequent  occurrence. 


If  the  committee  of  the  Master  Car-Builders'  Association  on 
Compressed  Air  aDd  Hydraulic  Machinery  have  any  kind  of 
luck,  it  should  be  able  to  present  a  report  full  of  interest  and 
value  to  the  railroads.  During  the  year  that  is  past  The 
American  Engineer  has  devoted  considerable  space  to  the 
description  and  illustration  of  hydraulic  and  pneumatic  hoists. 
In  every  case  where  they  have  been  used  the  report  has  been 
one  of  saving  of  time  and  expense.  The  first  cost  of  a  pump 
or  compressor  is  comparatively  little,  and  the  wear  upon  them, 
for  the  service  required,  almost  infinitesimal.  An  ordinary 
boiler  feed  or  fire-pump  is  amply  sufficient  to  maintain  a  water 
pressure  equal  to  the  demands  of  shop  work,  and  an  ordinary 
air-brake  pump  is  an  excellent  compressor.  The  rest  of  the 
expense  is  for  piping,  hose,  and  the  construction  of  the  cylin- 
ders used  as  hoists.  They  save  a  deal  of  hard  lifting,  and  cut 
down  the  time  required  for  moving  heavy  weights  by  a  good 
large  ".ratio.  ' 


HIGH  SPEED    LOCOMOTIVES. 


At  the  February  meeting  of  the  Western  Railway  Club, 
Mr.  C.  H.  Quereau,  Engineer  of  Tests  of  the  Chicago,  Bur- 
lington &  Quincy  Railroad,  read  a  very  interesting  and  able 
paper  on  Steam  Distribution  for  High  Speed  Locomotives, 
which,  we  regret,  is  too  long  for  reproduction  in  our  pages. 
In  his  introductory  remarks  he  says  very  justly  that  "  not 
every  one  interested  in  the  subject  has  had  opportunities  of 
obtaining  the  information  given  by  the  indicator,  or  reading 
indicator  cards."  To  this  we  will  add  the  statement  that  it 
is  a  matter  of  constant  surprise  and  regret  to  editors  of  news- 
papers and  others  that  those  occupying  positions  in  which 
there  is  abundant  chance  of  getting  information,  so  seldom 
make  the  best  use  of  such  opportunities.  Mr.  Quereau  has 
availed  himself  of  the  information  which  was  within  his  reach, 
and  has  contributed  a  paper  which  every  locomotive  superin- 
tendent should  read  carefully.  It  is  safe  to  say  that,  if  all  who 
occupy  such  positions  should  read  and  understand  it,  the  com- 
panies which  employ  them  would  be  profited  thereby.  It  is  true 
that  there  is  nothing  strikingly  new  in  the  paper,  but  neither 
are  the  Scriptures  new,  and  yet  the  texts  contained  therein  sup- 
ply the  basis  of  many  sermons,  some  of  which  are  dull  and 
others  stimulating.  Mr.  Qutt  can's  mechanical  sermon  belongs 
to  the  latter  class. 

The  corollary  deduced  from  the  discussion  is  that  for  fast- 
running  engines  there  must  be  ample  provision  for  the  steam 
to  get  into  the  cylinders  to  do  its  work  and  get  out  of  them 
after  it  has  done  it,  and  it  is  pointed  out  that  it  is  easier  to  do 
this  with  big  wheels  than  it  is  with  little  ones,  at  the  same 
high  speeds. 

The  author  of  this  paper  has  adopted  the  excellent  plan  of 
"  outlining,"  in  a  clear  and  elementary  way,  the  processes  by 
which  he  drew  his  deductions.  He  gives  an  explanation  of 
an  indicator  diagram  and  what  it  "indicates,"  and  how  the 
indicated  water  per  H.P.  per  hour  is  determined.  Now, 
while  there  is  no  doubt  many  of  his  readers  are  more  or  less 
familiar  with  all  these  general  principles,  yet  it  is  equally  cer- 
tain that  many  are  not.  Those  who  are  can  easily  skip  this 
part,  and  those  whose  minds  are  rusty  will  be  refreshed,  and 
those  who  are  ignorant  will  be  enlightened. 

It  is  remarkable  how  rare  the  faculty  is  of  understanding  a 
subject  thoroughly,  and  then  being  able  to  assume  the  mental 
attitude  of  those  who  are  entirely  or  partially  ignorant  of  it. 
In  an  account  of  the  life  of  the  late  Professor  Tyndall,  written 
by  Herbert  Spencer,  he  describes  very  happily  and  lucidly 
this  faculty.  After  referring  to  Tyndall's  wonderful  capacity 
as  an  "  expositor, "  Spencer  says  : 

"  Good  exposition  implies  much  constructive  imagination. 
A  prerequisite  is  the  forming  of  true  ideas  of  the  mental  states 
of  those  who  are  to  be  taught,  and  a  further  prerequisite  is 
the  imagining  of  methods  by  which,  beginning  with  concep- 
tions they  possess,  there  may  be  built  up  in  their  minds  the 
conceptions  they  do  not  possess.  Of  constructive  imagina- 
tion as  displayed  in  this  sphere,  men  at  large  appear  to  be 
almost  devoid."  * 

The  author  of  the  paper  before  us  seems  to  have  this  ' '  con- 
structive imagination"  in  a  high  degree,  or  at  least  to  an  ex- 
tent sufficient  for  the  writing  of  a  very  clear  paper.  This  is 
shown  in  the  paragraph  on  boilers,  in  which  he  explains  the 
reasons  why  high  speeds  demand  a  greater  steaming  capacity 
than  slow  speeds.  He  might  have  added  that  the  speed  of 
locomotives  is  always  limited  by  the  capacity  of  the  boiler  to 
make  steam,  hence  the  maxim  which  has  been  laid  down,  that 
"  within  the  limits  of  weight  and  space  to  it/tich  it  is  i,<ces$iirily 
onfined,  a  locomotive  boiler  cannot  be  too  big."    Or  the  princi- 


•  We  have  italicised  these   words  because  ihey  confirm  so  viTidly  ed- 
itorial experience. 
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pie  is  more  briefly  stated  in  the  injunction,  always  "  make  the 
boiler  as  big  as  you  can." 

Regarding  balanced  valves,  the  experiments  of  Mr.  Philip 
VTallis  in  1886  are  quoted,  in  which  it  was  shown  that  there 
was  a  saving  of  3.8  II. P.  by  balanced  as  compared  with  un- 
balanced valves. 

*  Of  the  effect  of  speed  on  the  average  steam  pressure  in  the 
cylinders,  the  paper  says  :  "  Even  though  the  cut-off  and 
boiler  pressure  remain  the  same,  this  pressure  decreases  as  the 
speed  increases  j  because  of  the  higher  piston  speed  and  more 
rapid  valve  travel,  the  steam  has  a  shorter  lime  in  which  to 
enter  the  cylinders  at  the  higher  speed."  This  is  demon- 
strated with  admirable  clearness  by  a  series  of  indicator  dia- 
grams, which  show  that  under  the  same  conditions,  excepting 
that  the  speeds  were  different,  the  average  pressure  in  the 
cylinders  varied  from  51.5  lbs.  per  square  inch  at  a  speed  of 
IT  miles  per  hour  to  36.3  lbs.  at  66  miles  per  hour.  The  point 
of  cut-off  appears  to  be  about  5|  in.  of  the  stroke.  As  the 
author  of  the  paper  says  :  "  The  resistance  of  the  train  and 
the  load  increase,  and  the  power  of  the  locomotive  decreases 
with  increasing  speed,  till  the  resistance  and  power  are  equal. 
when  the  speed  becomes  uniform."  Xow  it  might  seem  that 
the  average  cylinder  pressure  could  readily  be  increased  by 
simply  admitting  steam  during  a  longer  period  of  the  stroke  ; 
but  if  we  do  this  with  heavy  trains  and  high  speeds  the  boiler 
will  not  produce  steam  enough  to  supply  the  cylinders,  and  the 
steam  will  also  be  used  more  wastef  ully  if  it  is  expanded  less. 
Attention  is  called  in  the  paper  to  the  fact  that  the  main  dif- 
ference of  the  diagrams  taken  at  different  speeds  "  lies  in  the 
higher  steam  lines  at  the  lower  speeds"— that  is,  the  steam  is 
maintained  during  the  period  of  admission  at  higher  pressure 
at  slow  than  at  high  speeds.  During  the  latter  the  steam  is 
"  wire-drawn"  as  it  enters  the  cylinder.  One  of  the  purposes 
of  the  paper  is  to  show  that  this  wire-drawing  may  be  reduced 
by  the  use  of  larger  drivers,  Allan  valves,  increased  valve 
travel,  and  greater  length  of  steam-ports,  and  that  there  will 
thus  be  a  material  increase  in  the  power  developed,  with  a  sav- 
ing of  fuel. 

These  are  the  recommendations  for  the  steam  side  of  the  pis- 
tons. Of  course  the  propelling  power  of  a  locomotive  is  rep- 
resented by  the  algebraic  sum  of  the  positive  pressure  on  the 
steam  side  of  the  pistons  and  the  negative  pressure  on  the  ex- 
haust side.  The  latter  is  produced  by  contracted  exhaust 
nozzles,  which  are  necessary  if  the  boiler  capacity  is  small,  by 
excessive  lead,  which  is  needed  if  the  engine  is  overbalanced, 
and  by  inside  lap  or  the  want  of  inside  clearance.  Conse- 
quently ample  boiler  capacity,  which  will  permit  of  the  use 
of  large  exhaust  nozzles,  is  recommended,  with  proper  adjust- 
ment of  lead  to  reduce  compression  and  inside  clearance. 

It  would  be  interesting  to  know  to  what  extent  a  reduction 
of  compression  would  be  economical,  provided  there  was  no 
momentum  of  reciprocating  weights  to  be  counteracted. 
There  can  be  no  doubt  of  the  fact  that  all  the  power  required 
to  force  the  exhaust  steam  through  the  exhaust  nozzles  is 
waste  effort,  so  far  as  the  acliou  of  the  steam  and  pistons  is 
concerned  ;  but  an  amount  of  compression  just  sufficient  to  fill 
the  steam  passages  and  clearance  spaces  with  steam  of  boiler 
pressure  is  not  a  waste,  but,  on  the  contrary,  the  late  Mr. 
Hoadley,  and,  we  believe,  Professor  Thurston  have  suggested 
that  it  might  be  economical  to  regulate  the  power  of  engines 
by  altering  the  amount  of  compression  instead  of  changing 
the  point  of  cut-off. 

The  subject  of  balancing  engines  is  now  receiving  a  gn  u 
deal  of  attention,  and  several  schemes  are  now,  or  soon  will 
be,  before  the  public,  by  which  the  reciprocating  parts  will  be 
self-balanced.  It  would  be  interesting  to  know  to  what  ex- 
tent compression  should  be  carried,  if  the  necessity  of  counter- 
acting the  momentum  of  the  reciprocating  parts  no  longer  ex- 
isted. 


In  this  problem  of  the  locomotive,  as  in  most  other  human 
affairs,  the  question  of  proportion  is  of  the  utmost  importance. 
It  is  true  that  with  large  wheels  it  is  easier  to  maintain  the 
pressure  of  steam  in  the  cylinders  during  admission,  but  large 
wheels  are  heavier  than  small  ones — they  require  larger  and 
heavier  cylinders  and  pistons.  All  the  connections  of  Ihesi  . 
the  axles  and  frames  and  other  parts,  must  all  be  larger  and 
heavier  ;  consequently  if  the  wheels  of  an  engine  of  a  given 
weight  are  made  large  and  heavy,  the  boiler  must  be  lighter 
and  smaller,  which  means  contracted  nozzles.  Obviously 
there  might  be  more  loss  from  the  latter  than  gain  from  the 
use  of  large  wheels.  There  is  doubtless  some  relation  between 
the  size  of  the  wheels  and  size  of  the  boiler  which  will  give 
the  best  attainable  results.  This  proportion  is  the  problem 
which  designers  of  locomotives  have  to  work  out. 

The  conclusions  that  Mr.  Quereau  has  drawn  are,  that  for 
fast-running  the  wheels  and  boiler  should  be  big  and  the  steam 
pressure  high,  which  in  a  certain  sense  are  contradictory  con- 
ditions, because  the  bigger  the  wheels  the  smaller  the  boiler 
must  be  with  an  engine  of  a  given  weight,  and  the  higher  the 
pressure  the  greater  the  weight,  and  consequently  the  smaller 
the  size  of  the  boiler.  The  problem,  then,  is  to  so  proportion 
these  organs  and  functions  as  to  get  the  best  results. 

Considering  the  importance  which  is  assigned  to  the  main- 
tenance of  a  high  steam  pressure  during  admission,  and  reduc- 
ing the  back  pressure  on  the  er.haust  side  of  pistons,  it  is  re- 
markable that  some  of  the  old  or  modified  forms  of  old  valve 
gear,  with  separate  cut  off  valves,  have  not  been  revived.  In 
some  of  these  the  exhaust  was  controlled  by  the  main  or  lower 
valve,  which  had  a  constant  travel,  and  the  admission  was  gov- 
erned by  an  upper  or  cut-off  valve,  with  a  variable  throw. 
Thomas  Winans,  of  Baltimore,  constructed  a  valve  gear  of 
this  kind,  which  was  applied  to  an  engine  called  the  Centipede, 
which  was  built  about  the  year  1855  or  1856.  The  engine  had 
eight  wheels  coupled  of  42  or  43  in.  diameter,  and  a  four- 
wheeled  truck  in  front.  The  front  end  of  the  engine  rested 
on  a  roller  in  the  center  of  the  truck,  so  that  the  truck  could 
move  laterally  in  relation  to  the  engine.  This,  it  is  thought, 
was  the  first  use  of  a  lateral  moving  truck  under  locomotives. 
The  valve  gear  consisted  of  a  lower  main  valve  which  was 
worked  by  a  forward  and  a  back-motion  hook.  On  top  of 
this  was  a  sort  of  gridiron-valve  with  two  or  three  admission 
ports  for  each  end  of  the  cylinder.  It  was  worked  by  an  ordi- 
nary link.  With  this  gear  the  steam-ports  could  be  opened 
wide  at  2  or  3  in.  of  the  stroke,  and  varied  for  each  point  up 
to  full  stroke,  and  in  each  case  gave  a  full  port  opening.  The 
lower  valve  controlled  the  exhaust,  and  having  a  constant 
travel  for  all  points  of  cut-off,  there  was  a  very  small  amount 
of  back  pressure.  This  engine  was  operated  on  the  Baltimore 
&  <  )hio  Railroad  for  a  number  of  years.  The  valve  gear  gave 
the  most  perfect  theoretical  movement  of  any  locomotive  gear 
the  writer  has  ever  seen,  but  the  valves  were  large,  and  gave 
trouble  from  cutting.  A  balanced  arrangement  was  put  on 
them,  but  it  is  thought  was  never  satisfactory.  Possibly  with 
some  of  the  present  approved  methods  of  balancing  valves 
such  a  device  might  be  made  successful. 

Another  peculiarity  of  the  engine  was  that  the  cab  was  in 
front.  The  boiler  was  the  same  as  fhose  used  on  the  famous 
"  camel"  engines  of  that  date,  excepting  that  it  was  some- 
what longer. 

♦ 

NEW   PUBLICATIONS. 


The  "Practical  Engineer"  Pocket-book  and  Diary, 
1894.  227  pp.,  5J  X  3*  in.  Edited  by  W.  II.  Fowler. 
Technical  Publishing  Company,  Manchester,  England. 

This  class  of  books  always  cause  a  reviewer  dismay.  The 
difficulty  of  doing  them  justice  is  somewhat  like  that  which 
would  be  encountered  in  reviewing  a  dictionary.     The  book 
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before  us  is  edited  by  the  editor  of  the  Practical  Engineer,  a 
newspaper  published  in  Manchester,  England.  It  begins  with 
some  explanations  relating  to  mensuration,  which  are  followed 
by  an  excellent  table  of  decimal  equivalents  of  sixty-fourths, 
which  is  followed  by  a  table  of  polygons  giving  their  names 
and  various  dimensions.  Perhaps  most  of  our  educated  read- 
ers think  they  know  the  names  of  various  polygons,  yet  prob- 
ably it  will  be  new  information  to  many  of  them  that  a  twenty- 
sided  figure  is  an  "  eicosagon." 

After  the  usual  tables  found  in  such  books  there  is  a  division 
devoted  to  Steam  Boilers,  which  occupies  44  pp.  and  gives  a 
great  deal  of  interesting  and  useful  information.  This  is  fol- 
lowed by  The  Steam-Engine,  66  pp. ;  Transmission  of  Power, 
22  pp.;  Hydraulic  Engineering,  10  pp.  This  is  followed  by 
miscellaneous  data  about  a  variety  of  subjects,  and  is  succeeded 
by  divisions  on  Gas  and  Oil-engines,  16  |pp.  The  book  con- 
cludes with  notes  on  patents  and  a  diary  and  blank  pages  for 
memoranda.  The  book  is  of  convenient  form  and  size  for 
pocket  use,  and  is  strong  on  the  subjects  of  boilers,  steam,  gas 
and  oil-engines. 


A  Practical  Treatise  on  the  Steam  Engine.  Second 
Edition.  By  Arthur  Rigg.  Spon  &  Chamberlain,  New 
York.     379  pp.,  letter-press,  10J  X  84  in.,  103  plates. 

Those  readers  who  are  not  acquainted  with  the  first  edition 
of  this  book  are  ignorant  of  one  of  the  best  treatises  on  the 
subject  in  the  English  language.  The  general  scheme  of  the 
book  is  indicated  by  the  observations  in  the  preface,  in  which 
the  author  says  :  "  Strange  it  seems  that  in  our  own  country 
there  still  lingers  among  many  clever  practical  men  a  profound 
distrust  for  theory,  while  in  foreign  countries  engineers  are 
too  apt  to  depreciate  practical  experience.  One  view  is  the 
legacy  of  ignorance,  the  other  the  pride  of  intellect  ;  and  both 
are  equally  pernicious." 

On  this  postulate  the  author  has  constructed  his  treatise, 
which,  he  says,  was  "  written  to  describe  various  examples  of 
Fixed  steam-engines,  without  entering  into  the  wide  domain 
of  Locomotive  or  Marine  practice  ;  to  give  details  of  construc- 
tion, with  the  principles  by  which  their  relative  proportions 
ma}r  be  calculated,  and  to  investigate  the  more  modern  appli- 
cations of  science  to  the  subject.  In  order  to  avoid  mathemati- 
cal forms  of  expression,  which  are  unfamiliar  to  practical  men, 
the  graphic  method  of  calculation  is  brought  into  prominent 
use,  and  it  will  be  found  that  with  very  little  attention  a  busy 
engineer  can  adapt  this  system  to  ordinary  calculations,  for  it 
has  the  merit  of  extreme  simplicity,  and  can  be  employed  even 
when  more  elaborate  systems  fail." 

-  The  difference  in  the  size  of  the  two  editions  is  indicated  by 
the  fact  that  the  first  had  312  pp.  of  letter-press,  and  the  new 
one  has  379.  The  number  of  plates  in  the  old  one  was  94, 
whereas  the  last  has  103.  There  are  24  chapters  on  the  follow- 
ing subjects  :  Systems  of  Measurement  ;  Matter,  Force  and 
Motion  ;  The  Horizontal  Steam-Engine  ;  Cylinder,  Piston  and 
Piston-Rod  ;  The  Slide-Valve  (Theoretical  Investigations)  ; 
Slide- Valves  (Construction)  ;  Lubrication  and  Lubricators  ; 
Connecting-Rods  ;  The  Cross-Head  or  Motion  Block  ;  Parallel 
Motions  ;  Cranks  and  Eccentrics  ;  Influence  of  Cranks  and 
Connectine  Rods  ;  Shafts,  Keys  and  Hammers  ;  Pedestals 
and  Wall-Boxes  ;  The  Fly-Wheel  ;  Steam-Engine  Governors  ; 
Condensers  for  Steam-Engines  ;  Spanners  and  Nuts  :  Steam- 
Engine  Indicator  ;  Steam  Engine  Indicator  Diagrams  ;  Influ- 
ence of  the  Velocity  of  Reciprocating  Parts  of  Steam-Engines  ; 
Description  of  Illustrations  ;  Modern  High-Speed  Steam-En- 
gines ;  Heat  and  Steam. 

The  most  noteworthy  portion  of  this  book  is  the  part  relating 
to  the  influence  of  the  velocity  of  reciprocating  parts  of  steam- 
engines.  A  preliminary  chapter  elucidates  very  clearly  the 
laws  which  govern  matter  in  its  various  forms  and  motions. 
Probably  there  are  very  few  engineers  who  could  succesfully 
pass  a  rigid  examination  on  these  subjects,  or  who  have  a  per- 
fectly clear  understandiag  of  them.  The  author  of  the  book 
before  us  has  given  his  readers  an  admirably  clear  chapter 
which  is  not  hard  reading,  and  which  requires  only  a  knowl- 
edge of  elementary  algebra  to  understand  it.  Another  chapter, 
on  the  Influence  of  Cranks  and  Connecting-Rods,  contains  an 
admirably  clear,  graphical  elucidation  of  this  somewhat  intri- 
cate subject.  These  two  chapters,  in  connection  with  the  one 
on  the  influence  of  the  velocity  of  the  reciprocating  parts,  are, 
perhaps,  the  most  satisfactory  and  conclusive  dissertation  on 
the  subject  that  has  ever  been  written,  and  no  student  or  en- 
gineer interested  in  the  construction  of  the  steam-engine  should 
be  ignorant  of  this  general  subject,  which  Mr.  Rigg  has  ex- 
plained so  clearly.  The  other  portions  of  the  book  can  also 
be  commended  very  highly,  and  this  and  Holmes's  "  Treatise 
on  the  Steam-Engine"  are  the  books  which  it  is  always  safe 
to  advise  students,  mechanics  and  engineers  to  study. 


The  type,  paper  and  printing  are  all  good.  The  onlv  criti- 
cism required  that  is  unfavorable  is  with  reference  to  some  of 
the  engravings.  Some  of  these  are  much  worn,  and  should 
have  been  re-engraved  for  the  new  edition.  Reference  may 
be  made  to  fig.  108  and  tigs.  196-222,  which  are  unworthy,  and 
should  be  condemned  and  replaced  by  new  ones. 


Locomotive  Mechanism  and  Engineering.  By  H.  C.  Rea- 
gan, Jr.,  Locomotive  Engineer.  296  pp.,  74  X  5  in.  John 
Wiley  &  Sons,  New  York. 

This  book  belongs  to  the  class  which  are  called  "  practical," 
and  has  some  of  the  characteristics  of  that  kind  of  literature. 
It  has  never  been  quite  obvious  why  an  author,  when  he  un- 
dertakes to  write  anything  "  practical,"  omits  the  definite  and 
indefinite  articles.  They  often  do  so,  however,  and  such  books 
are  generally  written  in  what  may  be  called  railroad  English. 
As  an  example  of  this,  the  following  opening  sentence  of  our 
author's  second  chapter  is  quoted,  the  words  which  he  has 
omitted  being  printed  in  brackets.  He  says:  "The  steam- 
pipes  in  [the]  smoke-arch  are  connected  to  the  end  of  [the] 
steam  or  dry-pipe,  which  is  called  [the]  bulkhead  or  tee-pipe, 
and  [is]  joined  to  [the]  steam  passage  in  [the]  saddle,  as  in 
fig.  5."  Just  why  it  should  make  writing  appear  to  be  more 
"  practical"  to  omit  some  of  the  words  which  every  man 
would  use  in  conversation  is  not  clear,  but  such  omission  is 
very  common  in  the  literature  written  for  and  by  railroad 
men.  This,  however,  is  a  minor  defect  in  a  book  which  has 
very  much  to  recommend  it. 

Another  peculiarity  of  what  are  called  practical  books  is 
that  authors  of  such  literature  do  not  seem  to  aim  at  strict 
accuracy  or  lucidity  in  their  statements.  This  is  often  a  seri- 
ous defect.  As  examples  of  this  we  may  quote  from  the  first 
chapter  on  the  locomotive  boiler,  which  gives  a  very  brief  and 
incomplete  description  of  its  construction.  It  is  said,  for  ex- 
ample, that  "the  Belpaire  boiler  uses  radial  stays."  As  a 
matter  of  fact,  in  nearly  all  Belpaire  boilers,  and  in  the  one 
represented  in  the  author's  engraving,  the  stay-bolts  are  not 
radial,  but  are  parallel  to  each  other,  the  plates  being  flat. 
He  also  says  "  the  mud  cannot  accumulate  on  the  crown-sheet 
as  it  does  when  using  crown-bars. ' '  This  is  hardly  true — it 
can  accumulate  there  as  easily  in  one  boiler  as  in  the  other, 
the  only  difference  being  that  it  can  be  removed  easier  from 
the  Belpaire  crown-sheet  than  it  c;in  be  from  one  covered  with 
crown-bars.  He  also  says  that  "  the  sheets  (of  a  Belpaire 
boiler)  can  adjust  themselves  to  each  other  better  under  differ- 
ent pressures  and  change  of  temperature. "  It  is  not  quite 
clear  what  this  means.  He  probably  has  in  his  mind  the  fact 
that  the  flat  top  plates  of  a  Belpaire  fire-box  have  more  flexi- 
bility than  curved  plates  would  have,  and  they  can  thus  dis- 
tribute the  strains  due  to  the  steam  pressure,  which  they  must 
resist,  more  uniformly  on  the  stay-bolts  than  it  would  be  dis- 
tributed if  the  plates  are  curved. 

The  different  chapters  of  the  book  are  on  the  following  sub- 
jects :  The  Locomotive  Boiler  ;  Front  End,  or  Smoke- Arch  ; 
Steam  Cylinders  and  Connections  ;  Locomotive  Frames,  Driv- 
ing-Boxes, and  Spring  Rigging  ;  Rods  and  Connections  ; 
Breaking  of  Rods  ;  Valve  Motion  ;  Valve  Setting  ;  The  Com- 
pound Locomotive  ;  Indicator  Cards  ;  Descriptions  of  Various 
Systems  of  Compound  Locomotives  ;  Injectors,  Safety- Valves, 
Steam  Gauges,  etc.;  Brakes,  Air-Pumps,  Valves,  Pump  Gov- 
ernors, and  Westinghouse  Brakes. 

The  general  plan  of  the  book  is  to  give  a  brief  description 
of  the  part  treated  of  in  each  chapter,  and  then  give  a  series 
of  questions  and  answers  by  which  the  construction,  opera- 
tion, and  management  of  these  parts  are  described.  The  de- 
scriptions have  more  of  the  character  which  an  engineer  or 
fireman  who  seeks  information  about  the  running  of  engines 
would  demand  than  elucidations  of  the  principles  or  methods 
of  construction  of  locomotives.  The  descriptions  are  very 
good  of  their  kind,  and  are  full  of  suggestions — some  of  them 
novel—  which  will  be  of  very  great  assistance  to  those  who 
have  or  expect  to  have  the  care  of  locomotives. 

A  considerable  portion  of  the  book  is  devoted  to  compound 
locomotives,  and  the  principles  and  details  of  construction  of 
the  chief  types  which  have  been  built  in  this  country  are  de- 
scribed. The  author  has  also  given  directions  for  the  man- 
agement and  running  of  compound  locomotives  and  hints  of 
various  kinds,  telling  what  should  be  done  in  cases  of  accident 
with  such  engines,  which  will  no  doubt  be  read  and  studied 
with  great  interest,  not  only  by  engineers  and  firemen,  but  by 
master  mechanics  as  well. 

The  typography  and  about  half  the  engravings  are  very 
good.  The  questions  and  answers  would,  however,  be  pleas- 
anter  to  read,  and  easier  understood,  if  they  were  respectively 
printed  in  different  type.     As  they  are  now,  it  is  not  always 
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clear  whether  one  is  reading  the'  question  or  the  reply  to  it. 
A  considerable  number  of  the  engravings  are  poor  "  process'' 
copies  of  good  original  illustrations.  Many  of  the  illustra- 
tions in  the'ehapter  on  brakes  are  of  this  kind,  and  are  execra- 
ble ;  and  as  they  represent  complicated  structures,  will  be  in- 
comprehensible to  most  nailers.  The  engraving  on  p.  109  of 
the  combined  cylinder-cock  and  starting-valve  for  Vauelain 
compound  engine  is]  made  from  a  very  bad  free-hand  draw- 
ing, and  looks  as  though  it  represented  the  entrails  of  some 
extinct  animal. 

Notwithstanding  these  defects,  the  book  can  be  recommended 
to  the  class  of  readers  for  whom  it  was  intended.  There  is  an 
incisive  style  about  it  which  impresses  the  lessons  taught,  and 
sometimes  makes  things  clear  which  perhaps  would  be  less 
apparent  if  described  more  elaborately.  The  author  says  in 
his 'preface  that  he  "has  illustrated  the  principal  'break- 
downs '  that  happen  to  a  locomotive,  so  that  when  one  actually 
occurs  on  the  road  the  engineer  can  compare  the  break  with 
the  illustrations  in  the  book,  and  find  out  exactly  what  should 
be  done."     This  statement  gives  the  key-note  to  the  book. 


TRADE  CATALOGUES. 


Horizontal  Water-Wheel.  Built  by  the  Swain  Turbine  & 
Manufacturing  Company,  Lowell,  Mass.  This  Company  has 
issued  a  sheet  giving  an  excellent  engraving  of  one  of  their 
water-wheels,  with  a  statement  of  its  advantages,  a  table  giv 
ing  the  diameter  of  wheels,  amount  of  water  used,  revolutions 
per  minute,  and  H.P.  of  wheels  with  irom  6  ft.  to  50  ft.  fall. 
A  list  of  parties  using  these  wheels  is  also  given. 


Descriptive  Circular  and  Price-List  of  Centrifugal 
Pimping  Machinery.  8  pp.,  6  X  Si  in.  Morris  Machine 
Works,  Baldwinsville,  X.  Y.  This  publication  is  what  its 
name  implies,  a  descriptive  circular  and  "price-list,  which  is 
illustrated  by  good  engravings  of  various  kinds  of  centrifugal 
pumps,  but  which  have  not  had  justice  done  to  them  in  the 
printing.     Some  details  of  the  pumps  are  also_ illustrated. 


The  American  Fuel  Economizer,  for  Heating  and  Puri- 
fying Ft'<rf-  Water  for  Steam  Boilers  by  Utilizing  ihr  Heat  in  the 
/■'hi,  (fates.  The  American  Fuel  Economizer  &  Engineering 
Company,  No.  136  Liberty  Street,  Xew  York.  38  pp.,  8  X 
Hi  in. 

This  is  a  beautifully  printed  pamphlet,  with'excellent  paper, 
typography  and  engravings,  but  is  one  of  the  most  provok- 
ingly  incomprehensible  publications  that  has  come  to  hand 
recently. 


Globe  Special  Castings  rob  Water-Works.  Builders' 
Iron  Foundry,  Providence,  R.  I.  48  pp.,  3A  X  5i  in.  This  is 
a  new  edition  of  a  catalogue  which  was  noticed  some  months 
ai:o  in  these  columns.  It  includes  "  globe -specials,  reducers, 
crosses,  curved  pipe,  bends,  elbows,  split  sleeves,  offsets, 
plugs,  caps,  gate-boxes,  strainers,  flange,  and  straight  cast-iron 
pipe."  The  latter  part  of  the  book  contains  a  somewhat  more 
extended  notice  of  the  Venturi  meter  than  was  given  in  the 
previous  edition  of  this  publication.  A  table  giving  the  thick- 
ness of  metal  and  weight  per  length  of  cast-iron  pipe  adds  to 
its  usefulness. 


Illustrated  Catalogue  of  Lathes  and  Other  Machine 

Tools.     Manufactured  by  F.  E.  Reed  &  Co.,  Worcester.  Mass. 
IT  pp.,  6  X  0  in. 

This  catalogue  is  made  in  accordance  with  the  dimensions 
recommended  by  the  Society  of  Mechanical  Engineers  for  a 
standard  size,  and  is  one  of  the  earliest  examples  of  conformity 
to  that  recommendation. 

The  lathes  illustrated  are  mostly  of  the  lighter  varieties, 
which  are  well  illustrated  with  excellent  wood-cuts  and  de- 
scribed in  considerable  detail.  The  largest  lathe  illustrated  is 
one  of  30-in.  swing  and  bed  12  ft.  long,  the  smallest  9in.  swing 
and::  ft.  bed.  A  number  of  sizes,  from  16-in.  to  30-in.  swing 
turret  head-lathes,  are  also  illustrated  and  described.  A  variety 
of  appliances  for  use  in  connection  with  the  different  lathes 
is  also  shown.  On  the  last  page  No.  1  and  Xo.  2  milling 
machines  are  illustrated. 

The  catalogue  is  well  printed  and  has  a  paper  cover,  which 
is  mounted  on  cloth— an  excellent  provision  to  prevent  i; 
struction. 


The  Chaster  Gas  Engine.  Manufactured  by  the  Charier 
Gas-Engine  Company,  Sterling,  111.  33  pp.,  5  X  TJ  in.  This 
pamphlet  gives  chiefly  letters  of  recommendation  from  users 
of  this  engine.  The  latter  part  of  the  book  contains  an  im- 
perfect description  of  the  engine,  but  it  is  without  any  illus- 
trations, and  is  incomprehensible  to  persons  who  arc  ignorant 
of  the  principles  and  construction  of  such  machines.  The 
usefulness  of  the  publication  would  be  immensely  increased  if 
the  publishers  would  give  a  lucid  description,  with  suitable 
sectional  engravings,  describing  the  principles,  construction, 
and  operation  of  their  engine.  An  excellent  engraving  show- 
ing an  external  perspective  view  of  one  of  these  engines  is 
given  on  the  outside  cover,  but  it  does  not  show  to  advantage, 
as  the  cover  is  a  dark  red  color. 


Hinckley  Automatic  Brake-Slack  Adjuster,  for  A  utoti 
eaUy  taking  "p  (he  Stack  in  Brake-Rigging  due  t<>  Wear  of 

Bra/ceS/mes  and  Pin?,  Stretch  of  Rode,  etc     (i  X  Hi  in.. 
26  pp.     The  Hinckley  Brake  Company,  Trenton,  N.  J. 

This  pamphlet  describes  the  various  appliances  made  by  this 
Company  for  taking  up  the  slack  of  brake-shoes  and  levers. 
These  appliances  are  illustrated  by  very  good  engravings,  most 
of  them  made  from  outline  drawings,  which  show  the  con- 
struction clearly.  A  folded  plate  at  the  end  of  the  book  shows 
graphically  the  operation  of  these  adjusters.  The  Company 
also  send  some  sheets  with  directions  for  applying  the  ad  j  listers 
to  different  kinds  of  brake  apparatus.  It  is  thought  that  it 
would  be  an  advantage  if  the  Company  would  describe  more 
fully  the  elementary  principles  and  the  construction  of  their 
devices  in  their  catalogues.  It  should  be  remembered  by  those 
who  publish  such  literature  that  most  of  those  who  receive  it 
are  absolutely  ignorant  of  the  object  and  purpose  of  the  appli- 
ances described,  and  do  not  know  how  it  is  constructed  or  the 
principles  of  its  operation.  The  "  wayfaring  men"  should 
always  be  kept  in  mind  in  writing  such  descriptive  catalogues, 
and  it  should  also  be  remembered  that  many  of  them  arc  closely 
akin  to  fools  in  the  characteristic  that  they  are  ignorant  of  the 
subject  described. 


Graphite  as  a  Lubricant.  Scientifically  and  Practically 
Considered  ;  also  its  Value  as  an  Accessory  for  Engineers  and 

Machinists.  Joseph  Dixon  Crucible  Company,  Jersey  City. 
X.  J.  16  pp.,  5£  X  7  in.  This  little  pamphlet  contains  ac- 
counts of  various  experiments  and  uses  to  which  graphite  has 
been  put  for  lubricating  purposes,  with  testimonials  from 
various  practical  and  impractical  engineers.  On  the  tirst  page 
of  the  book  is  the  following  paragraph,  to  which  we  and  proh 
ably  some  of  our  readers  would  like  to  add  an  interrogation 
mark.     The  paragraph  referred  to  is  the  following  : 

"  The  difference  between  a  perfectly  pure  graphite  and  one 
almost  pure,  but  still  totally  unfit  for  lubricating,  cannot  be 
detected  by  either  sight  or  touch  ;  the  buyer's  only  guarantee 
of  the  purity  is  the  name  and  reputation  of  a  responsible  manu- 
facturer." 

Xow  what  we  would  like  to  know,  and  probably  some  of 
the  readers  of  this  pamphlet  will  be  disposed  to  joiu  us  in  our 
"  quest,"  is  how  do  the  manufacturers  know  whether  tin 
graphite  "  is  perfectly  pure"  ?  If  you  can't  see  nor  feel 
whether  it  is  pure,  how  can  it  be  known  that  it  is  pure  V  In 
other  words,  the  buyers  and  users  of  graphite  would  like  to 
know  how  it  can  be  tested  to  know  whether  it  is  pure  or  nut. 

The  latter  part  of  the  pamphlet  contains  observations  on  the 
nature,  peculiarities,  lubricating  qualities,  and  description  of 
the  uses  of  graphite  as  a  lubricator. 


Catalogue  ok  Testing  Machines,  Manufactured  by  Tiuius 
Olsen  &  Co.,  Philadelphia,  Pa.    42  pp..  101  x  SA  in. 

We  have  called  attention  a  number  of  times  in  these  pa 
to  the  fact  that  on  many  subjects  trade  catalogues  supply  the 
In  st  literature  that  is  obtainable.  The  publication  before  us 
is  an  example  of  that  kind.  The  reader  who  has  a  general 
and  perhaps!  vague  idea  of  the  design,  construction  and  use 
of  testing  machines  and  takes  up  the  catalogue  of  Messrs. 
i  )lsen  A:  Co.  will  probably  be  surprised  to  find  how  much  the 
subject  to  which  it  relates  has  been  developed  beyond  his 
knowledge  of  it.  Xo  less  than  ;)'.i  different  machine's  and  in- 
struments for  testing  various  kinds  of  materials  are  illustrated 
by  engravings,  each  of  which  represents  only  one  of  a  class,  of 
which  there  are  usually  a  number  of  sizes,  with  different  dimen- 
sions and  capacities.  Thus  the  engraving  of  the  first  machine 
illustrated  represents  six  different  machines  of  50, Olio  100,000, 
150,000,  200,000,  300.OO0.  and  400,000  lbs.  capacity.  The 
others  represent  from  one  to  half  a  dozen  different  sizes  of 
machines,  so  that  somewhere  about  300  different  machines  and 
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officials  of  ;i  railroad  ;  then  the  tenor  voice  of  the  brakeman  lias 
no  difficulty  in  obtaining  a  distinct  enunciation,  but  upon  the 
disappearance  of  the  official  the  voice  at  once  relapses  into  a 
long  howl,  which  is  utterly  unintelligible.  Perhaps  if  each 
brakeman  were  equipped  with  a  parrot  the  improvement  in 
service  WOO  Id  be  very  great. 

Raising  a  60-ton  Engine.— The  Portland  Transcript  gives 
the  following  account  of  the  raising  of  a  Canadian  Pacific 
mogul  engine  that  ran  off  an  embankment  into  Harvey  Lake 
on  the  night  of  January  13.  The  work  was  carried  on  under 
great  difficulties,  with  the  thermometer  often  being  at  30°  be- 
low zero,  and  with  a  snow  blowing  over  the  lake  at  times  more 
than  50  miles  an  hour,  causing  a  suspension  of  the  work  for 
days  at  a  time.  In  preparing  to  raise  the  locomotive,  weigh- 
ing 00  tons,  V>  holes,  3^  in.  diameter  and  20  in.  deep,  were 
drilled  in  the  solid  rock,  and  as  many  steel  posts  were  planted 


customed  to  iron  shoes  when  shod  with  shoes  of  aluminium 
imagine  themselves  barefooted,  and  are  as  careful  in  planting 
their  steps  as  if  they  were  unshod.  The  shoes  open  out  as  the 
hoof  expands,  and  consequently  never  cramp  it.  An  alumin- 
ium horseshoe  will  last  from  40  to  GO  days,  according  to  the 
composition  of  the  alloy  and  the  kind  of  work  done  by  the 
horse.  M.  .lapy  concludes  that  aluminium  can  be  utilized  in 
shoes  for  race  and  carriage  horses,  and  that  it  may  be  of  ser- 
vice in  the  treatment  of  diseases  of  the  hoof.  It  should,  how- 
ever, be  used  only  by  persons  experienced  in  working  the 
metal.— Popular  Science  Monthly. 

Wind-Power  and  Electricity.—  Professor  James  Blyth,  who 
has  been  experimenting  in  the  utilization  of  wind  power  for 
the  generation  of  currents,  was  the  first  to  make  trial  of  the 
windmill  at  Marykirk,  in  Scotland.  He  first  adopted  the 
English  type  of  windmill  having  four  arms  and  canvas^sails  ; 
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and  set  in  lead.  These  were  for  fastening  guy  lines  and  pur- 
chases, and  the  men  who  drilled  and  set  the  posts  were  kept 
from  freezing  by  the  aid  of  fires  kindled  upon  the  snow.  A 
number  of  ingenious  fastenings  for  purchase  blocks  were 
made  very  near  the  track  by  sinking  heavy  oak  timbers  in 
trenches  at  the  ends  of  the  ties  that  were  tamped  with  gravel 
and  wet,  which  after  24  hours  were  frozen  so  solid  that  they 
were  quite  as  strong  as  the  iron  fastenings  upon  the  bluff. 
Very  heavy  sheer  poles  30  ft.  in  length  were  built  and  erected 
to  overhang  the  embankment,  and  were  provided  with  two 
sets  of  very  heavy  ship  blocks  and  falls  for  lifting,  and  two  of 
equal  strength  were  placed  in  position  for  pulling  from  the 
bluff.  As  no  diver  was  employed,  everything  was  done  from 
the  surface,  and  every  precaution  was  taken  to  prevent  delay 
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to  trains.  By  the  aid  of  a  swinging  mirror  attached  to  a  Jong 
pole,  with  light  thrown  upon  it  in  the  night  by  a  dark  lantern, 
successful  fastenings  were  made  to  the  engine  15  ft.  under 
water  with  heavy  grappling  hooks.  The  driving-wheels  were 
badly  entangled  in  bowlders,  rendering  it  next  to  impossible 
to  move  the  monster.  With  three  locomotives  working  upon 
independent  purchases,  and  aided  by  the  buoyancy  of  the 
water,  it  was  finally  drawn  to  the  surface.  At  one  time,  while 
attempting  to  raise  the  engine  and  tender,  it  was  found  that 
the  locomotives  were  exerting  a  force  of  240  tons. 

Aluminium  Horse-Shoes.-  Concerning  his  experience  with 
horse-shoes  of  aluminium,  M.  Japy  reports  that  as  that  metal 
is  four  times  lighter  than  iron,  a  complete  outfit  of  shoes  of  it 
will  weigh  no  more  than  a  single  iron  horse-shoe.     Horses  ac. 


but  the  sails  were  too  easily  torn  during  a  head-wind — the  very 
time  they  were  most  required.  Next  he  \ised  the  American 
type,  having  a  number  of  arms  and  blades  of  cast  iron,  lie 
has  now  devised  a  new  system.  To  four  strong  arms,  each 
about  26  ft.  long,  he  attached  semi-cylindrical  boxes,  the 
opening  of  each  box  being  10  ft.  by  6  ft.  The  vertical  shaft 
is  a  long  rod  of  iron  5  in.  in  diameter.  At  the  lower  end  it 
carries  a  massive  pit  wheel,  which  actuates  a  train  of  gearing, 
and  drives  a  fly-wheel  6  ft.  in  diameter.  With  a  fair  wind 
speed  it  gives  4  electrical  H.P.;  and  it  works  very  satisfac- 
torily in  a  strong  gale. — Electricity. 

"  The  Indian  Engineering"  tells  a  story  of  the  construc- 
tion of  the  line  from  the  interior  of  Manchuria  to  the  coast, 

and  aiong  which  it  was  re- 
cently proposed  to  make  a 
junction  with  Moukden,  the 
chief  point.  The  engineers 
consulted  the  Tartar  general, 
and  the  general,  before  giving 
his  sanction,  consulted  the 
geomancers,  who  declared  that 
if  the  line  were  laid  along  the 
proposed  track,  the  vertebra; 
of  the  dragon  that  encircles 
the  city  would  be  broken  by 
the  nails  of  the  sleepers.  Such 
a  contingency  was  too  awful 
to  contemplate,  and  the  gen- 
eral promptly  informed  the 
engineers  that  the  thing  was 
impossible.  The  latter,  in  de- 
spair, lodged  a  protest  with  Li 
Hung  Chang,  who,  while 
commending  the  caution  of  his 
subordinates,  expressed  it  as 
his  opinion  that  the  hidden 
dragon  would  suffer  no  harm, 
rather  otherwise,  by  the  inno- 
vation. However,  he  would  refer  the  matter  to  the  Emperor. 
This  struck  terror  into  the  heart  of  the  general,  and  he  again 
consulted  the  geomancers.  Eventually  a  line  was  traced  some 
hundreds  of  yards  away  from  the  site  at  first  proposed. 

A  Universal  Telescope  Stand.— The  construction  of  a 
good  and  simple  universal  mounting  for  small  telescopes  has 
been  the  aim  of  many  instrument  makers,  and  it  is  pleasing  to 
note  an  advance  in  this  direction  made  by  a  firm  in  Vienna. 
In  their  new  so-called  "  universal  station"  they  have  overcome 
many  of  the  main  difficulties.  The  chief  poiut  about  this 
special  kind  of  mounting  is  that  the  observer  ran  cither  use 
the  telescope  as  a  theodolite— that  is,  with  circles  reading  alti- 
tude and  azimuth— or  by  a  slight  adjustment  he  may  have  the 
equatorial  mounting  where  the  circles  read  right  ascension  and 
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declination.  This  end  is  gained  by  hinging  what  would  be 
the  polar  axis  on  to  a  pivot  at  the  side  of  the  stand,  thus  allow 
ing  the  axis  to  be  moved  from  the  horizontal  to  the  vertical  or 
any  intermediate  position.  A  strong  metallic  arc  fixed  on  the 
top  of  the  stand  supplies  a  means  of  clamping  this  axis  and 
giving  it  a  slight  adjustment.  With  the  axis  vertical,  we  have 
then  practically  a  theodolite  mounting  Willi  the  axis  out  of 
the  vertical,  a  parallactic  mounting.  It  is  needless  to  say  that 
this  mounting  is  only  for  small  telescopes,  and  indeed  its  ap- 
plication to  large  ones  is  not  needed. — Nature. 

Incandescent  Gas  Lighting. —  Cannel  coal  is  generally  used 
for  enriching  ordinary  coal  gas  and  imparting  to  it  the  standard 
illuminating  power.  Owing,  however,  to  the  decreased  yield 
of  that  mineral,  the  price  of  it  has  gone  up  excessively,  so  that 
gas  engineers  are  casting  about  for  a  substitute.  In  the  mean- 
time, it  has  been  suggested  that  gas  of  a  comparatively  low 
candle  power  might  be  supplied  to  the  public,  and  its  illumi- 
nation raised  by  special  methods  of  burning  it.  In  this  con- 
nection we  may  notice  the  burner  of  the  Incandescent  Gas 
Light  Company,  the  manufacture  of  which  was  recently  in- 
spected at  the  works  of  the  company  in  Palmer  Street,  West- 
minster. This  burner,  which  is  on  the  Welsbach  system,  was 
brought  out  several  years  ago,  but  has  since  been  so  altered 
and  improved  as  practically  to  constitute  a  new  article.  It 
consists  of  a  mantle  which  is  formed  of  an  open  mesh  mate- 
rial, and  is  suspended  over  a  Bunsen  gas  buruer.  On  being 
brought  to  a  white  heat  by  the  flame  it  gives  out  a  bright 
glowing  light  due  to  the  incandescence  of  the  mantle,  the 
basis  of  which  is  cotton  lace,  impregnated  with  a  chemical 
solution  of  certain  minerals.  The  lace  is  dried  and  the  cotton 
fabric  burned  out,  leaving  a  mantle  which  consists  solely  of 
the  mineral  with  which  the  fabric  was  originally  impregnated. 
After  further  treatment  with  collodion  the  mantle  is  ready  for 
use.  The  points  of  recent  improvements  in  this  mantle  relate 
mainly  to  the  chemicals  used  in  its  preparation.  The  results 
are  stated  to  be  that,  whereas  formerly  when  burning  3.75 
cub.  ft.  of  gas  an  hour  an  illuminating  power  of  from  26  to  28 
candles  only  was  obtained,  with  the  mantle  in  its  present  form, 
burning  the  same  quantity  of  gas  per  hour,  a  light  of  60  can- 
dles is  obtained.  Subject  to  the  contingencies  of  practical  use 
the  life  of  a  mantle  is  put  at  800  hours.  The  advantages  of 
the  incandescent  system  are  purity  of  the  atmosphere,  owing 
to  perfect  combustion,  a  diminution  of  heat,  and  a  great  econ- 
omy of  gas,  which,  according  to  Professor  Kenk,  amounts  to 
as  much  as  50  per  cent,  as  against  the  fishtail  or  the  Argand 
burner.  The  company  are  now  introducing  a  form  of  incan- 
descent lamp  for  street  use. — London  Times. 

The  Baltimore  &  Ohio's  Cut-off  at  Harper's  Ferry.— The 
new  Baltimore  it  Ohio  route  through  Harper's  Ferry  was  put 
in  operation  recently,  and  after  that  hour  the  old  route,  from 
Sandy  Hook  and  through  the  village  of  Harper's  Ferry,  about 
2  miles  altogether,  will  be  abandoned  and  subsequently  dis- 
mantled, including  the  railroad  portion  of  the  old  bridge. 
The  improvements,  made  at  a  cost  of  about  $250,000,  include 
2  miles  of  double  track,  a  tunnel  875  ft.  in  length,  under  Mary- 
land Heights,  and  a  new  iron  bridge  of  nine  spans  and  over 
1,000  ft.  in  length,  over  the  Potomac  River.  The  bridge  is  of 
considerable  elevation,  being  9  ft.  higher  than  the  old  bridge, 
and  built  to  stand  any  freshet  likely  to  occur,  and  also  to  allow 
free  passage  for  canal  boats  underneath.  The  old  line  from 
Sandy  Hook,  as  will  be  remembered  by  travelers  familiar  with 
the  route,  was  close  alongside  the  water's  edge,  while  the  new 
line  takes  considerably  higher  ground,  and  some  distance  from 
the  river  bank.  The  improvement  was  made  entirely  under 
direction  of  the  Baltimore  it  Ohio  Engineering  Department. 
The  junction  of  the  Valley  Road  at  the  Ferry  has  also  been 
changed  to  meet  the  improvement. — Baltimore  Paper. 

Chinese  Obstacles  to  Railroad  Building.— The  late  Mr. 
Charles  Hill,  who  was  actively  interested  in  the  first  unfor- 
tunate railroad  built  in  China,  tells  a  story  of  the  opposition 
met  at  the  hands  of  the  natives  to  the  laying  of  rails,  and 
which  finally  resulted  in  the  tearing  up  and  destruction  of  the 
road  and  property.  In  one  instance  it  became  necessary  to 
pass  the  house  of  a  widow,  and  to  fill  up  a  little  pool  of  slag 
nant  water  near  by.  She  immediately  asserted  that  the  spirit 
of  her  husband  would  not  rest  easy  in  his  grave  with  the  rail- 
road running  between  her  house  ami  it,  and  that  the  spirits 
protecting  them  would  be  smothered  by  the  filling  up  of  the 
pool.  The  natives  gathered  in  some  force  to  prevent  the  lay- 
ing of  the  rails,  and  Mr.  Hill  found  himself  deserted  by  his 
workmen  and  left  alone  to  face  the  mob.  Starting  on  a  retreat, 
he  was  followed  by  the  hooting  assemblage  for  several  miles, 
and  finally  came  to  bay  on  a  narrow  foot  bridge  missing  a 
river.  Armed  with  a  strong  cudgel  he  defended  himself,  and 
as  fast  as  his  assailants  came  up  knocked  them  into  the  river, 
rendering  them  unconscious,  but  never  learned  what  harm  he 


had  done.  They  were  armed  with  long  bamboo  poles  with 
which  they  prodded  him  on  the  legs  and  body,  inflicting 
wounds  the  sears  of  which  he  carried  until  his  death. 

Lighthouse  without  an  Attendant. — A  new  lighthouse  has 
been  recently  completed  in  the  estuary  of  the  Gironde  in 
France.  It  stands  on  an  isolated  rock,  and  its  chief  peculiarity 
is  that  it  is  unoccupied,  although  its  lamp  is  burning  perpet- 
ually. In  order  to  do  away  with  the  lonesome  life  which  is 
led  by  such  keepers  as  those  having  charge  of  the  Eddystone 
Light  in  England,  the  French  engineers  have  devised  a  method 
by  which  the  usefulness  of  the  lamps  could  be  maintained 
without  constant  personal  attention.  The  lamp  which  is  used 
will  burn  continuously  for  one  month  without  being  trimmed 
or  replenished.  The  burning  fluid  used  is  an  ordinary  mineral 
oil.  The  tube  in  the  interior  of  the  lamp  is  furnished  wilh  a 
wick  having  a  thickness  three  times  as  great  as  that  usually 
employed  in  lamps.  Around  the  burning  surface  of  the  wick 
is  a  cake  made  of  a  patented  preparation  consisting  largely  of 
carbonized  tar.  This  protection  assures  the  operation  and  uni- 
formity of  the  flame.  A  chimney  made  of  mica  is  placed 
around  the  flame,  and  this  gives  an  increase  in  the  power  of 
the  light.  The  supply  of  oil  is  from  a  reservoir  containing 
.88  oz.,  the  lamp  consuming  1.8  oz.  each  hour.  To  provide 
for  the  reservoir  being  furnished  with  sufficient  fuel,  a  gauge 
is  fixed  at  its  side  that  governs  the  supply  flowing  in  from 
another  reservoir  at  a  distance,  and  this  gauge  permits  just 
1.8  oz.  per  hour  to  percolate  from  the  little  supply-pipe  into 
the  supply  reservoir.  The  diameter  of  the  lantern  is  56  in. 
The  light  can  be  seen  12  miles  at  sea.  The  wick  is  cleansed 
and  drawn  up  gradually  by  the  action  of  the  tar  cake  at  its 
mouth.  The  French  Government  is  also  said  lo  be  arranging 
to  put  up  other  lighthouses  in  which  a  perpetual  electric  light 
can  be  controlled  by  wires  running  through  a  submarine  cable 
to  the  land. 

Method  of  Baling  Cotton. — The  consular  reports  of  the 
State  Department  for  December  call  attention  to  the  fact  that 
there  is  a  great  deal  of  trouble  experienced  by  foreign  import- 
ers with  the  baling  of  American  cotton.  'I  he  jute  covering 
is  so  torn  that  the  cotton  is  exposed  to  mud,  fire,  water,  and 
theft.  Of  the  original  six  or  eight  bands,  two,  three,  four, 
and  sometimes  more  are  loose  and  broken  by  the  time  the  cot- 
ton reaches  its  destination,  allowing  it  to  take  up  dust,  dirt, 
mud,  and  water  when  exposed.  In  contrast  with  this  the 
packing  of  the  Egyptian  and  Indian  cotton  is  very  much  supe- 
rior. Both  Egyptian  and  Indian  have  close,  compact,  tough 
coverings,  are  rather  long  and  smooth,  leave  little  or  none  of 
the  cotton  exposed,  are  easily  and  plainly  marked,  and  are 
wrapped  close  and  bound  strong  and  tight.  Along  the  sides 
the  firm's  or  seller's  name  appears.  On  both  ends  the  kind  of 
cotton  is  indicated  to  aid  in  identification  should  one  end  be 
torn  off  in  handling,  as  sometimes  happens.  Thus,  in  the  case 
of  Indian  and  Egyptian  cotton,  mixing  of  bales  and  bales  with- 
out marks  .seldom  if  ever  occur  ;  on  the  other  hand,  with 
American  cotton  both  happen  very  frequently— too  frequently, 
hence  the  complaint.  In  addition  to  this  it  is  claimed  by  the 
Lloyds  that  the  vessel  which  will  hold  from  16,000  to  18,000 
bales  of  Indian  cotton  can  take  in  only  6,000  to  10,000  of 
American,  when  according  to  the  ratio  of  weights  they  should 
take  in  14,000.  The  fear  which  was  formerly  entertained  that 
the  enormous  pressure  used  in  India  would  injure  the  fine 
fibers  of  the  American  cotton  has  proved  to  be  groundless, 
from  the  fact  that  the  Egyptian  cotton  wilh  as  tine  or  finer 
and  longer  fiber  has  stood  a  greater  pressure.  The  cotton 
should  be  perfectly  dry,  in  order  that  no  caking  and  fermenta- 
tion may  occur  in  the  inside.  This  is  a  mailer  that  certainly 
deserves  the  attention  of  American  shippers,  and  is  of  the 
utmost  interest  to  American  manufacturers. 

Lewis  and  Hunter's  Coaling  System.  — In  the  ordinary 
method  of  loading  coal  from  colliery  wagons  into  ships  a  large 
amount  of  breakage  is  caused  and  clouds  of  dust  are  produced 
by  reason  of  the  coal  having  to  fall  from  a  considerable  height, 
sometimes  as  much  as  24  ft.  With  the  view  of  obviating  these 
evils,  which  are  a  source  of  pecuniary  loss,  Sir  William  T. 
Lewis,  General  Manager,  and  Mr.  Charles  L.  Hunter,  Engi- 
neer, of  the  Bute  Docks,  Cardiff,  have  invented  a  system  of 
shipping  coal  by  which  the  greatest  fall  is  only  5  ft.,  and  the 
mineral  is  quietly  deposited  in  the  hold  of  the  ship.  It  con- 
sists in  tipping  the  coal  from  the  colliery  wagon  into  a  carry- 
ing-bos having  a  coned  valve-bottom  which  can  be  released  at 
will.  These  boxes  hold  a  10-ton  wagon  load  of  coal  each,  and 
as  they  are  only  about  5  ft.  deep,  it  follows  that  only  a  porlion 
of  each  load  has  even  that  short  distance  to  fall.  As  soon  as 
the  carrying-box  is  tilled  it  is  raised  by  a  traveling  crane 
worked  by  hydraulic  power,  and  lowered  into  the  hold  of  the 
ship.  Directly  it  reaches  the  bottom  the  coned  valve  is  re- 
leased and  the  coal  glides  quietly  out  with  hardly  any  break- 
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age.  The  box  is  then  raised  and  transferred  to  the  loading- 
stage  for  another  charge,  which  is  quickly  tipped  into  it  and 
as  quickly  transferred  to  the  ship.  The  system  has  been 
adopted  by  the  Bute  Docks  Company  at  their  Roath  Dock, 
where  a  series  of  the  traveling  cranes  are  at  work  on  lines  of 
rail  extending  over  "2.000  ft.  of  quay  space.  The  cranes  are 
self-propelling,  and  are  not  only  movable  and  provided  with  a 
swing  motion  of  some  40  ft.  radius,  but  they  also  have  a  der- 
ricking  motion,  so  that  they  can  plumb  both  hatchways  and 
coaling  pits  at  will.  This  denicking  motion  also  enables  the 
crane-man  to  steer  the  loads  clear  of  the  funnels  and  rigging 
of  the  vessels.  The  maximum  speed  of  loading  is  300  tons  per 
hour  per  crane,  and  it  is  stated  that  293  tons  of  coal  have  been 
shipped  in  an  hour  by  one  crane.  With  this  system  as  many 
as  four  cranes,  each  lif  tins  10  tons  of  coal,  have  been  employed 
simultaneously  in  loading  the  same  vessel,  as  the  cranes  can 
be  brought  into  such  positions  as  to  plumb  the  steamer's  hatch- 
ways. A  model  of  the  system  was  recently  exhibited  at  the 
Coal  Exchange,  London,  where  it  attracted  merited  attention. 
— London  Times. 

The  Thinnest  Metal  Sheet.— An  interesting  metallurgical 
achievement  has  been  lately  recorded  at  the  Hallam  Tin  Works, 
near  Nwausea,  Wales,  a  metal  sheet  of  the  finest  appearance 
and  most  marvelous  thinness  ever  yet  produced.  The  details 
show  that  the  iron  from  which  the  sheet  was  rolled  was  made 
on  the  premises,  worked  in  a  finery  with  charcoal  and  the 
usual  blast,  afterward  taken  to  the  hammer  to  be  formed  into 
a  regular  flat  bottom,  from  thence  conveyed  to  the  balling 
furnace,  and,  when  sufficiently  heated,  taken  up  to  the  rolls, 
lengthened,  and  cut  by  shears  into  proper  lengths,  piled  up, 
and  transferred  to  the  balling  furnace  again  :  when  heated  it 
was  passed  through  the  rolls,  back  again  into  the  balliug  fur- 
nace, and,  when  duly  brought  to  the  proper  pilch,  taken  to  the 
rolls  and  made  into  a  thorough  good  bar.  On  being  taken  now 
to  the  tin  mills  and  rolled  until  it  became  thinner  than  23  grains, 
and  afterward  passed  through  the  cold  rolls,  to  give  it  the  neces- 
sary polish,  it  stands  on  record  as  the  thinnest  sheet  of  iron  ever 
rolled — that  is.  the  data  show  a  sheet  of  10  X  54  in. ,  or  55  in. 
surface,  and  weight  but  20  grains,  which,  being  brought  to  the 
standard  of  8  X  5J  in  ,  or  44  surface  inches,  is  but  16  grains, 
or  30  per  cent,  less  than  any  previous,  and  requiring  at  least 
1,800  to  make  1  in.  in  thickness.  —  The  Tradesman. 

Model  of  Locomotive.  — We  have  received  a  photograph  of 
a  piece  of  work  which  was  lately  completed  Mr.  S.  E.  Mastin, 
of  Odenweldertown.  Easton.  Pa.,  and  which  is  worthy  of  note. 
The  work  is  in  the  shape  of  a  miniature  locomotive  of  about 
ODe-sixteenlh  size.  It  is  made  to  represent  an  express  locomo- 
tive which  was  built  for  the  New  York  Central  &  Hudson 
River  Railroad  in  1889  by  the  Schenectady  Locomotive  Works, 
and  is  made  entirely  of  wood  and  cut  out  in  full  with  a  pen- 
knife. Mr.  Mastin  is  not  an  engineer,  nor  has  he  ever  worked 
on  a  locomotive  ;  but  the  work  on  which  he  spent  five  months 
and  two  days  should  win  for  him  a  situation  in  some  locomo- 
tive works,  as  he  would  in  all  probability  make  a  suitable 
man  for  any  works  of  the  kind,  as  his  sole  desire  is  for  that 
kind  of  occupation.  The  dimensions  of  the  miniature  loco- 
motive are  as  follows  : 

Length  over  all 3  ft.    lj  in. 

Height  to  top  of  stack 14     " 

' cab 134  " 

Width  of  cab 8|  ' 

Diameter  of  boiler 4|  " 

"  "  driving-wheels 5|  " 

"   truck  "     2f  " 

"  "  cylinders 2     " 

Length  of  "        3i  " 

"  boiler 2  ft. 

Time  of  building,  five  months  and  two  days. 
Mr.  Mastin  will  send  photos  to  any  locomotive  shop  wishing 
them  by  writing  him. 

The  photograph  gives  an  excellent  representation  of  a  loco- 
motive, and  it  is  only  by  close  examination  that  it  appears  that 
it  is  not  taken  from  a  full-sized  machine. 

Compound  Locomotive  of  the  Richmond  Locomotive 
Works. — A  compound  locomotive  engine  of  the  ten-wheeled 
type,  built  by  the  Richmond  Locomotive  Works,  has  recently 
been  tested  on  the  Big  Four  Road.  The  engine  is  a  two  cylinder 
compound  with  cylinders  19  in.  and  30  in.  X  24  in.  The  weight 
of  the  engine  alone  is  68  tons,  and  the  drivers  are  56  in.  in 
diameter.  The  steam  pressure  is  180  lbs.  to  the  square  inch  ; 
the  driving-wheel-base  is  11  ft.  10  in.  ;  the  truck-wheel-base, 
79  in.  ;  the  total  wheel-base  being  23  ft.  4  in.  The  length  over 
all  with  tender  is  58  ft.  2  in.  ;  the  weight  on  the  drivers  is 
107,100  lbs.  :  the  weight  of  tender,  running  with  coal  and 
water,  is  79,000  lbs.     The  boiler  is  of  the  Belpaire  type,  and  is 


58  in.  in  diameter,  with  a  shell  &  in.  thick  The  fire-box  is 
107  in.  long  by  41  •  in.  wide  :  the  grate  area  is  31  sq.  ft.  ;  the 
tire-box  has  a  heating  surface  of  172  sq.  ft.,  and  the  heating 
surface  in  the  tubes  is  1,750  sq.  ft.  There  are  241.2  in.  tubes. 
The  driving-wheel  journals  are  8  in.  in  diameter  by  9£  in. 
long  ;  the  truck  wheels  are  28  in.  in  diameter,  with  journals  of 
in.  in  diameter  by  10  in.  long  ;  the  valve  travel  is  5^  in.  The 
engine  was  designed  by  Mr.  C.  J.  Mellen,  Chief  Draftsman  of 
the  establishment,  who  also  designed  the  engines  and  machinery 
for  the  United  States  battleship  Texas.  The  reported  saving 
in  fuel  runs  from  30  to  35  per  cent.  A  compound  of  the  same 
type  has  been  in  continuous  service  for  14  months  on  the 
Philadelphia  division  of  the  Chesapeake  >fc  Ohio  Railroad,  and 
has  made  a  record  of  saving  21  per  cent,  in  fuel  over  22  simple 
engines  of  the  same  class.  The  cost  of  repairs  has  been  no 
more  than  other  engines,  and  it  has  been  run  in  chain  gang 
methods  with  the  rest. 

Railroads  in  Japan. — The  railroads  of  Japan  are  solidly 
constructed  and  carefully  run,  says  the  Philadelphia  Telegraph,. 
The  gauge  is  3  ft.  6  in.,  and  the  cars  are  generally  18  ft.  long. 
There  are  first,  second  and  third  classes,  and  the  fares  are  for 
several  classes  1,  2  and  3  sen  (cents)  a  mile.  The  Japanese  are 
great  travelers,  and  more  than  nine-tenths  of  the  travel  is  of 
second  and  third  class.  The  rate  of  speed  is  uniformly  about 
20  miles  an  hour.  The  trains  are  run  on  what  is  known  as 
the  "staff"  system,  and  a  train  is  not  allowed  to  leave  the 
station  where  it  meets  another  until  the  conductor  has  received 
from  the  conductor  of  the  other  train  a  symbol  called  a  "  staff," 
which  is  his  evidence  that  he  is  entitled"  to  leave.  In  the  first- 
class  carriage,  which  is  either  one  room,  like  our  drawing- 
room  cars,  or  in  three  compartments,  like  the  English,  one 
finds  cushion  seats,  wash  hand  bowls  and  water-closets,  and 
generally  a  teapot  and  cups,  the  former  occasionally  replen- 
ished with  hot  water.  If  this  is  lacking,  the  passenger  can 
buy  on  the  platform  at  any  station  a  teapot  full  of  tea  and  a 
cup  for  3J  cents.  The  teapot  is  pretty  enough  to  bring  a 
quarter  in  this  country,  and  the  cup  would  be  cheap  at 
10  cents.  You  buy  the  whole  "  outfit"  and  could  carry  it 
away  if  you  pleased  .  As  a  rule,  the  pot  and  cup  are  left  in 
the  car  and  about  60  per  cent,  of  them  are  recovered  by  the 
venders.  The  railroads  in  Japan  are  partly  owned  by  the  gov- 
ernment and  partly  by  private  stockholders,  but  the  rates  and 
rules  of  the  government  roads  govern  the  others  also.  At  all 
the  stations  are  overhead  bridges,  and  crossing  the  track  at 
grade  is  prohibited,  as  in  England.  The  stations  are  roomy 
and  neat,  the  platforms  ample,  and  at  both  ends  of  the  plat- 
form the  name  of  the  station  is  conspicuously  posted.  The 
passenger  shows  his  ticket  on  going  through  the  gate  to  his 
train,  and  surrenders  it  at  the  gate  on  leaving.  No  conductor 
enters  the  cars.  We  also  miss  the  familiar  visits  of  the  enter- 
prising young  man  who  sells  newspapers  and  popular  books, 
and  who  loads  our  seats  at  home  with  lozenges,  photograph 
albums,  comic  periodicals,  vegetable  ivory,  matches,  chewing- 
gum,  and  other  merchandise. 

Electricity  as  a  Motive  Power.— The  report  on  street  rail- 
roads of  the  Massachusetts  Railroad  Commissioners  was  pre- 
sented recently.  It  shows  an  increase  of  214  miles  of  electric 
roads  and  of  over  $25,000,000  in  capital  so  invested.  Of  the 
comparative  economy  of  electric  motive  power  it  says  : 

"  We  must  conclude,  taking  everything  into  the  account,  that 
there  has  been  thus  far  no  demonstration  of  the  superior  net- 
earning  capacity  of  the  electric  as  compared  with  the  horse 
system,  but  rather  the  reverse.  It  is  not,  however,  intended 
to  raise  the  inference  that  the  electric  system  is  or  is  likely  to 
prove,  under  conservative  and  proper  management,  a  serious 
financial  failure.  The  conditions  attending  ils  further  and 
fuller  development  will  probably  be  found  to  differ  in  no  essen- 
tial respect  from  those  attaching  to  the  old  horse  railway  sys- 
tem, or  to  the  steam-railroad  system.  A  well  located  and 
well-managed  electric  railway,  it  may  be  fairly  said,  stands  a 
similar  chance  of  financial  success  with  a  well-located  and 
well-managed  steam  railroad  or  horse  railway.  Upon  the  pres- 
ent showing  and  outlook,  it  certainly  stands  no  better  chance. 
If  badly  located  or  badly  managed,  there  clearly  has  not  been 
manifested  as  yet  any  miraculous  power  in  its  peculiar  system 
of  locomotion  to  save  it  from  the  familiar  fate  of  the  steam 
railroad  or  horse  railway  when  struggling  under  the  same 
difficulties. 

"  It  can  and  should  be  said,  however,  without  hesitation  or 
qualification,  that  the  electric  system  has  not  shown  or  indi- 
cated any  such  margin  of  profit  as  to  justify-  the  expectation 
of  more  than  moderate  and  ordinary  returns  on  money  legiti- 
mately invested  in  it.  The  idea,  which  seems  to  have  obtained 
some  currency,  that  the  electric  railway  system  is  a  bonanza 
of  rare  and  inexhaustible  wealth,  is  clearly  a  delusion,  and  has 
doubtless  proved  to  some  a  snare.     The  absolute  cost  and  ex- 
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pensiveness'of'the'system,  under  the  must,  conservative,  able, 
and  honest  management,  are  sufficient  to  task  its  earning 
capacity  to  the  full  limit.  There  is  no  margin  for  fictitious  or 
inflated  capitalization.  It  presents  no  safe  or  inviting  field 
for  speculative  enterprise  or  manipulation,  unless  it  be  to  the 
unscrupulous  operators  of  an  inside  ring  who  are  willing  to 
practise  on  the  credulity  of  a  misinformed  public.  Wherever 
there  is  reason  to  believe  that  water  has  been,  or  is  about  to 
be,  injected  iuto  the  stock  or  bonds  of  an  electric-railway  com- 
pany, the  only  safe  course  is  to  let  its  securities  severely 
alone. ' ' 

Rapid  Method  for  the  Determination  of  Manganese  in 
Manganese  Bronze. — The  following  method  was  originated 
by  Mr.  Jesse  Jones,  Chief  Chemist,  and  is  in  use  in  the  labora- 
tory of  William  Cramp  &  Sons,  Philadelphia,  Pa.,  for  the  de- 
termination of  manganese  in  manganese  bronze,  it  is  an 
adaptation  of  a  well-known  method  in  common  use  for  the  de- 
termination of  manganese  in  iron  and  steel.  A  determination 
can  be  made  in  less  than  one  hour,  and  as  the  amount  of  man- 
ganese in  the  ordinary  run  of  work  seldom  exceeds  0.10  per 
cent.,  the  method  gives  fairly  satisfactory  results. 

The  Method. — Dissolve  5  to  10  grams  of  drillings  in  nitric 
acid  of  1.20  sp.  gr.,  using  a]  large  beaker  to  avoid  frothing 
over.  An  excess  of  acid  must  be  avoided,  as  it  interferes  with 
the  precipitation  of  the  copper  by  hydrogen  sulphide.  When 
solution  is  complete,  transfer  to  a  500  cc.  cylinder  without 
filtering  out  the  precipitated  stannic  oxide.  Make  up  to  300  cc. 
and  pass  a  rapid  current  of  hydrogen  sulphide  from  a  Kipp's 
apparatus  until  the  supernatant  liquid  is  colorless.  Decant  off 
through  a  dry  filter,  ISO  cc.  corresponding  to  3  or  6  grams  of 
sample,  and  boil  down  rapidly  to  about  10  cc.  Transfer  to  a 
small  beaker  and  add  25  cc.  of  strong  nitric  acid.  Boil  down 
one-half,  make  up  witli  strong  nitric  acid,  boil,  and  add  one 
spoonful  of  potassium  chlorate.  Boil  10  minutes  and  add  an- 
other spoonful  of  potassium  chlorate.  Boil  till  free  from 
chlorine,  cool  in  water,  and  filter  on  asbestos,  using  filter 
pump.  Wash  with  strong  nitric  acid  through  which  a  stream 
of  air  has  beeu  passed.  When  free  from  iron  wasli  with  cold 
water  until  no  acid  remains.  Place  the  felt  and  precipitate  in 
the  same  beaker  and  dissolye  in  ferrous  sulphate,  using  5  cc. 
at  a  time.  Titrate  back  with  permanganate  until  a  pink  color 
remains.  Deduct  the  number  of  cc.  used  in  titrating  back 
from  the  number  of  equivalents  of  ferrous  sulphate  used  and 
the  remainder  shows  the  manganese  in  the  amount  of  sample 
taken. 

Permanganate  Solution.  Dissolve  1.149  grams  potassium 
permanganate  in  1,000  cc.  water  ;  1  cc.  equals  1  mgr.  man- 
ganese. Check  by  dissolving  0.1425  grams  ferrous-ammonium 
sulphate  in  a  little  water  and  acidulating  with  hydrochloric 
acid.  This  should  precipitate  10  mgr.  of  manganese.  If  not, 
apply  the  factor  of  correction. 

Ferrous  Sulphate  Solution.— A  solution  of  ferrous  sulphate 
in  2  per  cent,  sulphuric  acid,  so  dilute  that  5  cc.  corresponds 
to  10  cc.  permanganate  solution.  This  is  best  made  by  trial 
anil  dilution. 

Crank  Axles.— In  a  litter  on  this  subject  by  Mr.  Clement  E. 
Stivtton,  the  indefatigable  investigator  of  locomotive  history, 
published  in  the  Railway  Herald  recently,  he  says  : 

"  There  is  no  question  that  the  first  inside  cylinder  engine, 
having,  of  course,  the  double-cranked  axle,  was  the  Flint,/, 
designed  by  Stephenson  toward  the  close  of  the  year  1829, 
which  commenced  work  upon  the  Liverpool  &  Manchester 
Railway,  October  4,  1830.  It  was  a  striking  improvement 
upon  all  previous  passenger  engines.  The  cylinders  were 
placed  '  inside,'  under  the  smoke-box,  the  driving-wheels  were 
at  the  trailing  end,  and  a  double-cranked  axle  was  employed. 
The  frame  was  of  oak,  plated  on  both  sides  with  iron,  and  the 
driving-axle  was  above  the  frame. 

"The  cylinders  were  11  in.  diameter,  16  in.  stroke,  and 
driving-wheels  5  ft.  diameter.  During  the  lime  this  engine 
was  under  construction,  Stephenson  built  another  engine  for 
the  Stockton  &  Darlington  Line,  the  only  difference  being 
that  it  had  four  large  wheels,  and  these  were  coupled  ;  it  was 
also  named  Plum  I.  The  fact  that  two  engines  were  built  in 
1880,  and  both  named  Planet,  has  in  years  past  caused  some 
trouble  to  writers  on  the  locomotive  ;  however,  all  difficulty 
is  now  removed  by  the  bringing  to  light  of  the  official  draw- 
ings and  reconls  of  both  engines. 

"The  fact  that  Stephenson  had  adopted  the  cranked  axle 
and  inside  cylinders  for  both  '  single  '  and  '  coupled  '  engines 
was  common  knowledge  early  in  the  year  1830.  When  a 
number  of  engineers  went  to  Newcastle  to  witness  the  method 
of  forging  the  crank  axle,  several  of  those  present,  being  in 
favor  of  outside  cylinders,  took  but  little  interest  in  the  sub- 
ject ;  but  two  at  once  saw  the  value  of  the  inside  cylinder  sys- 
tem, the  result  being  that  Mr.  Ilackworth  then  designed  the 


Globe,  well  known  on  the  Stockton  &  Darlington  Line,  and  a 
very  close  copy  of  Stephenson's  second  Planet.  Shortly  after- 
ward Mr.  Bury  designed  an  engine  named  Liverpool,  which 
was  completed  ami  sent  to  America  in  1831,  and  of  which  pat- 
tern large  numbers  were  afterward  built. 

"  The  advocates  of  Mr.  Bury  at  one  time  claimed  that  he 
built  an  inside-cylinder  engine  in  182'J,  hut  they  have  been 
obliged  to  admit  that  this  was  not  the  case  ;  it  was  said  to 
have  beeu  built  for  the  Liverpool  it  Manchester  Railway. 
However,  an  investigation  of  facts,  working  drawings,  and 
official  papers  shows  that  Mr.  Bury  built  no  engine  whatever 
for  that  railway  until  the  Liver,  which  he  placed  on  the  rails 
in  February,  1832,  and  the  company  did  not  order  any  more 
than  this  one  on  the  Bury  design.  Of  course,  it  is  well  known 
that  the  Planet,  by  Stephenson,  was  intended  to  be  the  engine 
to  open  the  Liverpool  &  Manchester  Railway,  September  15, 
1830,  and  it  was  sent  off  from  Newcastle  in  flue  time,  but  hav- 
ing to  go  by  sea  from  Newcastle  to  Hull,  and  by  canal  from 
Hull  to  Manchester,  delays  took  place,  and  the  engine  was  not 
delivered  by  the  boat  companies  until  early  in  October,  or 
fully  a  fortnight  after  the  opening.  Under  these  circum- 
stances Northumbrian  opened  the  line,  and  eight  engines,  in- 
stead of  nine,  were  in  the  procession. 

"  As  to  frames,  the  '  bar-framing  '  was  first  made  at  New- 
castle, and  has  beeu  generally  adopted  in  America  ;  but  it  is 
an  English  invention,  and  was  sent  out  from  this  country  in 
1828." 

New  Signal  Device.— There  was  an  exhibition  recently 
before  the  Royal  United  Service  Institution  of  a  new  device 
for  signaling  at  sea  by  night  or  day.  It  was  the  invention  of 
Mr.  C.  V.  Boughton.  The  object  aimed  at  is  to  signal  by  the 
Morse  alphabet,  displaying  simultaneously  all  the  symbols 
which  go  to  make  up  a  letter  or  signal,  instead  of  flashing 
them  from  the  mast-head  in  succession.  It  is  claimed  that 
100  letters  were  sent  per  minute  by  the  new  apparatus.  The 
theory  of  the  telephotos,  as  it  is  called,  is  a  production  of  the 
symbols  by  electric  lighting  iu  lamps  mounted  on  a  long  shaft, 
lit  lighted  lamps  in  a  line  of  5  ft.  length  representing  a  dash, 
and  one  light  a  dot.  There  is  an  unlighted  interval  between 
each  dot  or  dash  of  at  least  5  ft.  in  length.  The  number  of 
lamps  required  is  53,  and  these  are  mounted  on  a  shaft  27  ft. 
long.  The  switch-board  is  only  11  in.  X  14  in.,  and  may  con- 
trol lamps  for  two  shafts.  It  is  fitted  in  a  case  mounted  on  a 
pedestal.  At  one  end  of  the  pedestal  is  fitted  a  keyboard,  cor- 
responding to  that  on  a  typewriting  machine,  and  the  keys 
have  raised  on  their  under  sides  the  Morse  characters,  for  the 
respective  letters,  in  brass  witli  platinum  points.  The  cross- 
bars, 106  in  number,  are  flexible  and  imbedded  in  hard  rubber. 
The  pressing  down  of  the  key  makes  contact  with  such  cross 
liars  as  are  immediately  opposite  to  the  platinum-pointed  brass 
projections  on  the  key  corresponding  to  the  Morse  symbols 
which  represent  the  particular  letter.  Wires  are  led  from 
each  crossbar  to  a  lamp  on  the  shaft,  and  thus  the  signal  cor- 
responds with  the  symbols.  A  groove  under  the  keys  contains 
a  number  ol  fine  steel  balls  similar  to  those  used  in  the  bear- 
ings of  cycles,  with  ^j  in.  of  lost  motion  the  thickness  of  the 
key.  The  pressing  down  of  the  key  causes  these  balls  to  lock 
all  the  other  keys.  The  lamp  is  of  special  construction.  It 
is  flatter  in  the  face  than  the  usual  iucandescent  globe,  re- 
sembling an  ordinary  door  knob,  and  the  filament  of  10  coils 
is  placed  crosswise  in  order  to  secure  the  greatest  light  sur- 
face. Each  lamp  is  fitted  into  a  special  bell-mouthed  casing 
with  a  parabolic  metal  reflector,  and  in  front  there  is  a  lens 
screwed  on.  This  latter,  it  is  said,  has  the  effect  of  screening 
the  expiring  incandescence  of  the  filament  of  the  lamp.  Of 
course  it  will  be  understood  that  the  lamps  may  be  used  for 
any  or  all  successive  letters,  for  the  lamps  used  are  determined 
by  the  spacing  necessary  for  the  symbols  in  the  letter,  and 
here  it  may  be  stated  that  where  practicable  the  symbols  are 
as  far  divided  as  possible.  Thus  "m,"  equal  to  two  dashes, 
would  require  10  lights  at  either  end  of  the  27-ft.  shaft  to  be 
lighted,  while  "  i,"  equal  to  two  dots,  would  require  the  ex- 
treme end  lights  on  the  shaft  to  be  illuminated.  An  important 
consideration  is  that  by  auxiliary  mechanism  a  permanent 
record  in  writing  of  the  signal  given  is  kept.  Above  the  keys 
for  making  the  electrical  contact  with"  the  crossbars  is  a  cyl- 
inder with  an  adaptation  of  the  ordinary  typewriting  machine, 
and  '■'•!')  double  magnets  for  throwing  the  Roman  type  of  the 
symbol  displayed  on  the  proper  ribbon,  This  recording  ap- 
paratus may  be  kept  under  seal.  There  Jare  a  great  variety  of 
means  of  applying  the  invention.  Several  navy  officers,  while 
recognizing  the  ingenuity  displayed,  seemed  inclined  to  regard 
it  as  much  too  intricate,  and  therefore  liable  to  get  out  of 
gear.  Admiral  Colomb  expressed  a  desire  for  a  more  intimate 
acquaintance  with  the  mechanism,  which  he  seemed  to  regard 
as  unique  in  conception. —  Philadelphia  Record. 
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regulates  the  quantity  of  zinc  taken  up,  about  .(Kilo  of  an  inch 
a  side  for  an  average  size  of,  say.  No.  8,  and  thence  to  the 
blocks  upon  which  the  galvanized  wire  is  finally  wound. 
Wire  treated  in  this  manner  often  crave  trouble,  as  it  would 
sometimes  become  rotten  through  weak  acid  being  present  in 
the  wet  coils  as  they  lay  on  the  swifts  before  winding  off,  and 
then,  again,  the  wire  missed  taking  up  the  molten  metal,  as 
the  surface  had  got  dry  and  a  thin  film  of  oxide  had  formed, 
and  many  other  sources  of  trouble,  all  of  which  tended  to 
spread  the  opinion  that  all  galranized  wire  was  exceedingly 
brittle  and  rotten,  owing  to  the  process  it  went  through.  In 
order,  therefore,  to  meet  these  difficulties.  Mr.  Bedson  invented, 
in  I860,  his  continuous  galvanizing  process,  by  which  these 
difficulties  were  all  overcome,  and  from  which  most  excellent 
results  were  obtained.     The  m  idi  was  as  follows  : 

The  wire  after  having  been  drawn  was  taken  direct  in  its 
bright  state  to  the  swifts,  thence  run  off  through  a  long  fur- 
nace in  which  the  wire  was  annealed,  or  even  tempered  if 
necessary  :  thence  through  a  bath  of  hydrochloric  acid,  which 
cleaned  the  wire  and  threw  down  the  oxide  formed  in  anneal- 
in.',  and  thence  through  the  bath  of  molten  zinc  to  the  blocks  : 
and  this  process  has  been  the  one  gradually  adopted, "both  in 
Europe  and  the  United  States  of  America,  with  success.  Dur- 
ing the  life  of  the  patent  several  firms  were  licensed  to  use  the 
process,  while  some  of  our  Continental  competitors  adopted  it 
without  grant  of  'ictnse.  or  even  saying  "  by  your  leave." 

About  this  time  Mr.  Bedson  was  induced  to  take  the  man- 
agement of  the  Bradford  Iron  Works,  Manchester,  which  the 
people  with  whom  he  was  had  acquired.  At  these  works 
there  were  about  30  puddling  furnaces,  two  metal  helves, 
forge  trains,  and  two  wire-rod  mills,  and  it  was  here  that  his 
attention  was  drawn  to  the  shortness  of  the  rods  rolled,  and 
the  necessity  of  remedying  the  evil,  if  he  were  able,  in  order 
to  produce  such  increased  individual  weights  as  had  never 
been  attempted  before.  The  advantage. of  longer  pieces  was 
thus  very  forcibly  pressed  upon  him,  for  the.  jointing  and 
welding  for  telegraph  lines  was  not  only  unsatisfactory,  but 
dangerous.  At  last,  in  1863.  he  patented  his  continuous  rod- 
rolling  mill,  by  which  the  billet,  al>out  1T'?  in.  square  and  of 
100  lbs.  weight,  was  drawn  from  a  Siemens  gas  furnace  placed 
immediately  in  front  of  the  first  roll  of  the  mill,  and  from  this 
passed  on  through  each  successive  pair  of  rolls,  16  in  number, 
placed  in  line,  and  each  running  at  an  accelerated  speed,  ac- 
cording to  the  draft  of  each  roll.  This  mill  was  very  difficult 
to  perfect,  but  by  degrees  it  became  a  most  perfect  machine, 
and  its  capacity  ;;rew  up  to  20  tons  of  No.  5  iron  wire  rods  in 
a  turn  of  10  hours. 

"  I  think  I  cannot  do  better  here  than  quote  from  a  report  by 
Mr.  Abram  S.  Hewitt.  United  States  Commissioner  to  the 
Universal  Exposition  at  Paris.  1867,  on  "  The  Production  of 
Iron  and  Steel  in  its  Economic  and  Social  Relations  :" 

"  The  most  remarkable  specimen  of  rolling  was  in  the  Eng- 
lish department  in  the  shape  of  a  coil  of  No.  3  wire  ro3s 
weighing  381  lbs.,  in  length  3-50  yds.,  rolled  from  a  single 
billet.  Also  a  coil  of  No.  8  wire  weighing  300  lbs.,  900  yds. 
in  length,  and  a  coil  of  No.  11  wire  weighing  95  lbs.,  in  length 
790  yds.  These  wonderful  specimens  of  wire  were  not,  how- 
ever, produced  in  an  ordinary  mill,  but  were  rolled  in  a  ma- 
chine invented  by  Mr.  George  Bedson,  the  Manager  of  the 
Bradford  Iron  Works  in  Manchester.  This  machine  consists 
of  rolls  in  13  pairs,*  placed  one  behind  the  other,  instead  of 
side  by  side,  as  usual,  with  guides  connecting  the  successive 
pairs  of  rolls,  and  revolving  at  such  relative  rates  of  speed 
that  the  billet  being  rolled  receives  the  compressing  action  of 
the  rolls  at  the  same  time.  The  billet  is  fed  from  a  long  feed- 
ing furnace  at  one  end  of  the  train  of  rolls,  being  charged  at 
the  end  of  the  furnace  furthest  from  the  train.  A  Siemens 
generator  is  used  to  supply  the  furnace  with  gas.  so  as  to  in- 
sure a  uniform  heat.  The  average  product  of  the  train  is 
11  tons  per  day.  and  the  weight  of  the  billets  usually  rolled 
is  from  SO  lbs.  to  100  lbs.  A  comparison  of  the  work  for  six 
months  with  two  old-fashioned  trains  also  running  in  the  same 
works  shows  that  the  waste  is  reduced  from  10*  per  cent, 
to  6t*j5  per  cent.,  and  that  the  consumption  of  coal  is  reduced 
from  14  cwt.,  3  qr.,  25  lbs.  to  *  cwt ..  18  lbs.  per  ton.  most  of 
which  saving  is  doubtless  due  to  the  use  of  the  Siemens  fur- 
nace and  not  to  the  train,  the  advantages  of  the  latter  consist- 
ing in  an  increase  of  product  of  nearly  onehalf,  in  the  in- 
creased weight  of  the  billets  rolled,  and  in  the  economy  pf  the 
labor  employed.  A  personal  visit  was  made  to  the  Bradford 
Iron  Works  to  see  the  operation  of  this  ingenious  and  success- 
ful machine.  It  appears  to  be  all  that  could  be  desired,  and 
the  action  of  the  rolls  upon  the  iron  unquestionably  produces 
a  sounder  and  better  rod  than  when  worked  by  the  old  process. 


*  At  Mr.  Hewitt's  visit,  the  mill  was  rolling  larger  sections,  and  therefore 
required  a  less  number  of  rolls,  hence  13. | 


and  this  is  due  doubtless  to  the  higher  and  more  uniform  heat 
at  which  the  rod  is  finished. 

'"  In  the  use  of  wire  for  telegraphic  purposes,  for  wire  sus- 
pension bridges,  and  for  cables  and  ropes,  the  superior  value 
of  long  lengths  is  undeniable.  Bedson 's  machine  has,  there- 
fore, the  double  merit  of  producing  a  better  article  at  a  lower 
cost  than  has  hitherto  been  obtained  ;  and  it  is  a  matter  of  re- 
gret to  those  who  have  become  familiar  with  its  novelty,  and 
its  meriis.  that  it  received  only  the  recognition  of  a  silver 
medal,  when  it  so  justly  deserved  the  highest  prize." 

On  this  mill  Mr.  Bedson  successfully  rolled  in  iron  M 
rods  which  were  drawn  in  one  hole  to  No.  9.  in  which  size 
there  was  at  one  time  a  great  demand  for  telegraph  wire. 
Three  of  these  mills  were  erected  at  the  Bradford  Iron  Works, 
and  there  have  run  very  successfully,  on  which  rods  can  be 
rolled  up  to  almost  any  weight  :  in  fact,  an  iron  wire  rod  has 
been  rolled  up  to  1  ton  weight.  The  only  drawback  to  this 
mill  was  that  it  would  not  roll  a  commou  iron  wire  rod,  and 
therefore  its  production  was  kept  on  telegraph  wire  and  the 
best  qualities  of  fencing  wire,  which  had  to  pass  a  high  specifi- 
cation. All  the  iron  for  it  was,  therefore,  l>oxed  piled,  having 
four  square  puddled  billets  in  the  center  and  four  flats  outside 
of  either  a  best  best  puddled  iron,  or  top  and  bottom  of  char- 
coal "with  sides  of  best  best  puddled  iron,  or  charcoal  "all 
around.  These  were  then  known  in  the  telegraphic  wire 
trades  as  B.  I!..  E.  B.  B.,  or  four-sided  charcoal,  and  out  of 
one  or  other  of  these  three  grades  the  greatest  telegraphic 
enterprises  were  constructed  all  over  the  world,  and  readily 
claimed  for  themselves  a  pre  eminence,  owing  to  their  great 
lengths  of  single  pieces  and  their  uniformity  of  quality.  This 
continuous  rolling  mill  spurred  on  other  rod  makers  in  the 
direction  of  long  lengths,  but  I  believe  throughout  this  mill 
stood  at  the  head  as  the  mill  for  a  high-class  quality  of  iron 
wire  in  longer  lengths  than  was  possible  on  any  other  system. 
It  was  with  the  aid  of  these  inventions  that  Mr.  Bedson.  with 
his  ability,  skill,  and  inventive  genius,  raised  the  undertaking 
of  which  he  had  the  general  management  from  the  smallest  to 
the  greatest  eminence  as  telegraph-wire  manufacturers,  and 
it  was  particularly  gratifying  To  him  when  Mr.  Preece.  in  his 
paper  on  "  Electrical  Conductors."  read  before  the  Institution 
of  Civil  Engineers,  on  Decern!-  :  -  -  -  in  referring  to  what 
Mr.  Bedson  had  done,  said  :  "  I  would  mention  how  much 
telegraph  engineers  are  indebted  for  the  modern  improvements 
in  telegraph  wire  to  the  various  inventions  of  this  gentleman. " 

I  should  like  to  point  out  here  that,  in  a  paper  recent lv  read 
before  the  Institution  of  Civil  Engineers  by  Mr.  John  Rigbv. 
M.A.,  Superintendent  of  the  Royal  Small  Arms  Factory.  En- 
field, the  continuous  rolling-mill  now  in  use  at  Enfield  for 
rolling  gun  barrels  at  one  heat  out  of  a  bar  If  in.  in  diameter, 
1  ft.  3f  in.  long,  therein  described,  was  an  almost  exact 
of  the  first  continuous  wire  rod-rolling  mill,  and  I  well  remem- 
ber some  of  the  officials  from  Enfield  coming  over  to  Man- 
chester to  see  this  rod-niill  in  operation  before  they  had  con- 
structed the  one  for  Enfield. 

About  the  year  1870  a  change  in  the  iron  wire  trade  began 
to  manifest  itself,  and  that  was  the  introduction  of  Bessemer 
metal.  Although  at  first  its  regularity  of  carbon  was  not  all 
that  could  be  desired,  and  there  were  many  failures.  It  grad- 
ually replaced  iron  where  simply  mechanical  results  were 
alone  required.  The  introduction  of  this  metal  then  enabled 
the  wire  rod-rollers  to  improve  their  plants,  and  thereby  in- 
crease their  lengths  of  rods,  for  the  metal,  being  thoroughly 
homogeneous  and  capable  of  rolling  at  a  lower  heat,  the  diffi- 
culties which  obtained  in  the  rolling  of  iron  no  longer  existed, 
and  thus,  where  they  were  handicapped  in  iron,  they 
free  in  the  rolling  of  steel,  their  success  being  due  entirely  to 
the  character  of  the  metal.  The  outcome  of  this  was  a  con- 
siderable improvement  in  wire-rod  mills. 

At  the  period  immediately  preceding  the  invention  of  the 
continuous  rod-rolling  mill,  a  rod-rolling  train  consisted  of  a 
line  of  rolls  three  high,  excepting  the  last  or  finishing  pair, 
and  men  were  placed  on  either  side  of  the  rolls  to  catch  and 
stick  in  the  rod  as  required,  from  the  bolting  down  rolls  at  the 
thick  end  to  the  finishing  pair  at  the  other.  In  the  smaller 
as.  where  the  length  had  increased,  loops  were  formed, 
and  this  involved  the  employment  of  lads  to  "  hook""  and  keep 
these  loops  from  getting  entangled,  which  otherwise  they 
readily  would  do.  It  was  from  this  mill  that  many  modifica- 
tions and  improvements  were  perfected  to  enable  longer 
lengths  and  larger  quantities  to  Ik-  rolled,  and  when  to  the 
mill  a  separate  roughing  mill  was  attached,  driven  at  a  low 
speed,  and  the  older  one  at  a  higher  speed,  making  what  is 
commonly  known  in  the  rod  trade  as  a  '"  Belgian  mill."  we 
have  the  model  of  the  generally  adopted  mill  in  this  country. 
Many  improvements  as  to  economy  in  the  use  of  labor  I 
been  introduced,  notably  repeaters,  which  gui  -1  on 

the  back  of  the  rolls  to  the  nest  pair  automatically,  thus  sav- 
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ing  a  catcher  ;iud  sticker  in.  An  exception  to  tliis  general 
adoption  of  the  Belgian  mill  is  found  in  Mr.  John  iileckly's, 
of  Warrington,  who  in  1872  patented  improvements  in  wire 
rod-mills.  For  the  description  of  this  I  am  again  indebted  to 
Mr  .1.  Bucknall  Smith's  before-mentioned  work.  "  Accord- 
ing to  this  arrangement  the  rolls  are  superimposed  so  that  a 
bar  or  rod  passed  through  the  first  or  top  set  is  turned  back- 
ward by  the  curved  passage,  so  us  to  Ik'  automatically  fed 
into  the  lower  set.  Tin  working  parts  are  suitably  carried  by 
the  training,  while  the  proper  relative  position  of  the  rolls 
may  be  adjusted  by  screw  devices.  A  '  rod  train  '  would  be 
composed  of  a  series  of  such  rolls  driven  at  increasing  S|>eeds 
through  the  intervention  of  suitable  spur-gearing,  in  order  lo 
promptly  take  up  the  slack  caused  by  the  continually  increas- 
ing lengths  of  the  rods  as  they  are  diminished  in  thickness," 
and.  according  to  my  authority  above  mentioned,  it  "  is  capa- 
ble of  rolling  from  370  to  400  tons  of  No.  5  gauge  rods  per 
week." 

As  an  interesting  example  of  the  increase  of  production  in 
rod-mills,  the  following  will  demonstrate  the  fact  better  than 
anything  I  can  think  of.  In  the  old  mills  a  boy  at  the  reel 
could  wind  up  easily  all  the  rods  rolled,  the  reel  being  on  the 
same  shaft  as  the  cranked  handle.  In  the  first  continuous 
rod-mill  the  quantity  turned  out  increased,  and  so  the  reel  had 
to  be  made  with  the  handle  to  give  one  revolution  to  two  of 
the  reel,  requiring  at  the  same  time  increased  power,  so  that  a 
man  had  to  be  employed  in  lieu  of  the  boy.  and  the  pr  jduct 
of  the  mill  so  increased  that  eventually,  in  1870,  the  man  had 
to  be  replaced  with  a  pair  of  small  engines  running  direct  on 
the  reel  shaft,  and  worked  by  a  boy  at  any  required  spited  to 
take  up  the  rod  as  quickly  as  it  is  rolled.  In  some  places 
belts  are  used.  but.  as  will  be  further  explained,  automatic 
reels  are  universally  adopted  in  all  the  modern  mills  in  the 
United  States  of  America. 

The  use  of  Bessemer  gradually  grew  to  very  large  propor- 
tions up  to  lss;4,  when  it  received  a  very  rude  check,  from 
which  it  has  never  recovered,  by  the  introduction  of  basic 
Bessemer  of  Thomas  and  Gilchrist's  patents.  If  there  ever 
were  a  new  system  which  revolutionized  a  trade,  it  was  the 
introduction  of  basic  metal  for  the  wire  trade,  and  further,  if 
there  ever  were  an  old  adage  which  had  the  lie  given  to  it,  it 
was  the  one  that  "  you  could  not  make  a  silk  purse  out  of  a 
sow's  ear."  To  make  myself  more  clear  in  my  meaning,  in 
our  puddled  iron  days  we  could  take  any  of  the  common  ores 
which  wire  made  into  pigs  for  puddling  for  wire  purposes, 
and  nothing  but  the  poorest  results  were  obtainable  ;  nay. 
further,  the  wire  rods  would  hardly  stand  drawing.  Even  go 
further  and  take  the  highest  cold  blast  metal  suitable  for 
puddling  made  in  this  country,  and  the  results  were  poor  in 
comparison  to  what  can  be  obtained  from  basic  metal,  and  at 
fully  half  the  cost.  But  now  in  basic  metal  these  very  same 
ores  give  the  finest  drawing  material  which  was  ever  known, 
and  c \in  only  be  approached  by  the  highest  class  of  charcoal 
Bessemer  metal  as  made  in  Sweden.  To  the  inventors  of  this 
metal  the  wire  drawers  of  the  world— i.e.,  this  country  and 
Europe,  as  the  United  Stales  ate  only  users  of  the  and  1, 
mer,  to  any  great  extent  for  their  wire  trade  are  greatly  in- 
debted t  will  not  say  how  much,  lest  the  makers  should  put 
up  tie-  prices  ;  but.  to  put  it  in  another  light.  I  should  not 
like  to  go  back  to  a  wire-mill  drawing  puddled  iron  wire  rods. 
In    I  -'ion   very   much   whether  25   per  cent,   of  the 

workmen  would  be  able  to  obtain  a  living  thereby,  at  least 
n  it  until  they  hail  discovered  tin-  peculiarity  of  this  tender 
material. 

In  wiredrawing  verv  few  improvements  have  been  made 
to  the  wdre  block.  Mr.  Bedson,  early  in  tin-  fifties,  was  the 
first  to  introduce  the  long  pulling-in  motion  at  one"ratch  ;" 
the  old-fashioned  plan  being  to  pull  in  by  tin?  aid  of  a  cam  and 
lever  attached  to  the  pulling  in  tonirs  at  short  "  ratches,"  and 
as  at  each  "  ratch"  the  tongs  had  to  take  a  fresh  hoi  1  on  the 
wire,  they  marked  it  and  caused  it  to  be  cut  oil.  thus  involving 
waste,  and  this  over  short  pieces  of  15  lbs.  to  30  lbs.  was  con- 
siderable. The  long  "  pulling-in"  had  the  great  advantage  of 
only  taking  hold  of  the  wire  once,  and  that  at  its  end.  which 
only  involved  a  waste  of  6  in.,  as  against  24  in.  to  30  in.  in  the 
older  plan. 

Mr.  Edwin  Woods,  of  Warrington,  introduced,  in  1872,  a 
system  '■:  continuous  drawing  by  a  machine  for  drawing  four 
holes  at  one  operation,  but  it  never  achieved  an  extensive 
application  or  adoption. 

For  card  win-  purposes  improvements  in  drawing  have  !>een 
made  in  late  years,  for  in  the  early  part  of  1**6  I  reported 
upon  some  labor-saving  machines  ol  the  late  S.  11.  Byrne's 
(of  Brighouse,  Yorkshire)  invention,  where  8,  10  and  even 
12  holes  were' being  drawn  at  one  operation.  After  experi- 
ments extending  over  a  number  of  years  Mr.  Byrne  took  out 
his  first  patent  iu  January,  1884,  and  from  what'  1  saw  of  the 


system  I  should  think  it  highly  successful.  He  was,  I  believe, 
the  first  in  the  field  in  this  direction,  and  naturally  he  very 
soon  had  followers,  by  whom  to-day  large  quantities  of  fine 
wdre  are  drawn  on  this  and  similar  systems. 

dp  to  this  point  I  have  only  touched  upon  the  iron  and  steel 
wire  trade,  and  although  there  are  many  other  points  that 
could  be  drawn  in,  I  must  leave  them  unnoticed,  for,  only 
being  asked  for  a  short  paper,  I  am  afraid  of  trespassing  upon 
your" good  nature.  However,  I  must  briefly  draw  your  atten- 
tion to  what  may  lie  termed  the  hard  steel  wire  trade,  where 
steel  of  carbons  ranging  from  .7  upward  is  so  manipulated 
that  it  will  stand  strains  up  to  120  tons  per  square  inch,  with 
torsional  tests  equally  surprising.  Such  high-strained  wire 
will  not  only  stand  40  twists  in  8  in.  for  No.  14  (.OS  in.  in 
diameter),  but  will  allow  of  w  indiDg  and  unwinding  upon  its 
own  diameter  three  or  four  times  over,  and  this  is  the  practice 
for  the  best  patent  steel  for  wire  ropes  for  winding  and  haul- 
age purposes. 

I  believe  it  is  to  Mr.  Horsfall,  of  Birmingham,  iu  1834,  that 
the  credit  of  first  attempting  to  harden  and  temper  cast-steel 
wire  is  due  ;  but  it  is  to  the  late  Mr.  William  Smith,  of  War- 
rington, that  the  secret  of  this  "  patent"  wire  process  of  to-day 
is  due.  and  he  worked  for  many  years  on  these  lines  almost 
unapproached  by  any  other  makers  in  the  land  or  even  in  the 
world:  in  fact,  his  firm  practically  had  a  monopoly.  How- 
ever, the  secret  leaked  out,  and  is  now  possessed  by  various 
makers  in  this  country,  who  are  able  to  produce  this  very 
high-class  wire. 

As  regards  the  Continent.  Germany  is  the  great  wire-produc- 
ing couutry,  but  beyond  what  has  been  done  in  this  country 
in  the  way  of  improvements  and  developments  in  wdre  manu- 
facture little  can  be  said,  except  with  regard  to  the  rod-mill 
patented  by  Mr.  Boecker,  of  Schalke,  which  consists  of  two 
trains  of  rolls  placed  parallel  with  each  other,  and  speeded 
with  such  suitable  gearing  to  take  up  the  increased  length  of 
the  rod  as  it  passes  from  one  set  of  rolls  to  the  opposite  par- 
allel pair.  This  mill  is  doing  excellent  work  at  the  present 
time,  and  is  practically  the  only  novelty  in  the  wire  trade  in 
Germany  that  I  know  of. 

As  to  the  development  of  the  manufacture  of  iron  and  steel 
w  ire  in  the  United  States  of  America  and  its  early  history, 
naturally  more  definite  information  is  obtainable  ;  and  while 
in  wiredrawing  nothing  new  has  been  introduced,  wire-rod 
rolling  has  been  developed  and  perfected  to  a  far  greater  ex- 
tent than  in  any  other  country  in  the  world.  This  has  been 
very  fully  set  forth  by  my  friend,  Mr.  F.  EL  Daniels,  of  Wor- 
cester, Mass.,  in  his  "paper  on  "  Rod-Rolling  Mills  and  their 
Development  in  America,"  read  before  the  Mechanical  Engi- 
neering Section  of  the  World's  Engineering  Congress,  Chicago, 
111..  U.  S.  A..  August,  1893. 

Wire-drawing  was  introduced  into  the  United  States  about 
1666,  and  was  one  of  the  early  industries  taken  up  by  the  New- 
World.  Its  use  was  very  similar  to  that  in  this  country,  and 
it  had  to  depend  upon  the  slit  rods  very  much  in  the  same 
way  as  we  had.  and  as  previously  described.  This  system  of 
producing  wdre  rods  remained  in  vogue,  without  material 
advancement,  until  between  1830  and  1860.  One  of  the  first 
improvements,  if  not  the  first,  was  made  at  Fall  River,  wdicre 
a  rod-mill  was  built  by  the  Fall  River  Iron  Works  Company. 
The  original  mill  was  erected  in  1839,  but  was  destroyed  by 
fire  and  rebuilt  in  1*43.  The  output  of  the  original  null  was 
ab  mi  :'.  tons  a  turn  of  1-in.  rods  weighing  about  10  lbs.  each. 
After  the  mill  was  rebuilt  the  billet  was  increased  to  35  lbs., 
and  rods  were  lolled  as  small  as  T"B  in.  in  diameter,  giving 
"1  to  8  tons  per  turn,  according  to  the  size  of  the  rod  rolled. 
One  of  the  best  mills  of  this  type  running  up  lo  1860  was 
erected  by  Iehabod  and  Charles  Washburn,  at  Qninsigamond, 
Worcester,  Mass.,  which  could  produce  9  tons  of  No.  4  rods 
of  30  lbs.  to  30  lbs.  pieces  in  one  turn,  and  this  was  considered 
a  very  remarkable  output. 

Until  1*60  looping  mills  were  unknown,  the  billets  being 
passed  through  tfae  rolls  back  and  forward,  and  this  accounts 
for  the  lightweight  of  billets  used.  The  demand  for  longer 
lengths  now  stirred  up  wire-rod  rollers,  as  the  telegraph  and 
suspension  bridge  engineers  were  calling  for  material  wilh  less 
welds  and  joints,  and  early  in  the  sixties  Mr.  Iehabod  Wash- 
burn  (quoting  from  Mr.  Daniels's  paper),  "during  a  visit  to 
England  made  the  acquaintance  of  Mr.  George  Bedson,  of 
Manchester.  Messrs.  Washburn  and  Bedson  afterward  became 
warm  friends,  and  an  extensive  correspondence  and  exchange 
of  ideas  regarding  wire-making  passed  between  them."  It  is 
with  no  ordinary  feeling  of  pleasure  and  gratification  to  me, 
as  tin-  son  of  the  late  (o-m-,  liedson.  to  hear  of  him  being  re- 
ferred to  at  the  World's  Engineering  Congress  at  Chicago, 
about  nine  fears  after  his  death,  in  such  high  terms  by  -Mr. 
DanieK  in  the  paper  referred  lo.  when  he  says  that  "  Bedson 
was  without  doubt  the  best-informed  and  most  skillful  wire 
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tains  therefore  (0.1498  X  0.9027)  .1487064  gram  of  metallic 
iron.  This  requires,  say,  42.0  e.c.  permanganate  solution,  or 
1  c.c.  of  permauganate  solution  is  equal  to  (.1487064  -=-  42.9) 
.003466  metallic  iron.  Assuming  [now  that  the  manganese 
oxide  obtained  is  MnOa,  it  is  obvious  that  two  molecules  of 
FeSO,  are  required  for  reaction  with  one  molecule  of  MnOj, 
or  the  ratio  between  Fe  and  Mn  in  the  reaction  In  the  ferrous 
sulphate  solution  is  as  112  to  55.  But  each  c.c.  of  perman- 
ganate is  equal  to  .003466  of  metallic  iron,  and  consequently 
(112  :  55  ::  .003466  :  .0018)  each  c.c.  of  permanganate  is  equal 
to  .0018  gram  of  metallic  manganese.  Suppose  now  that 
50  c.c.  of  the  ferrous  sulphate  solution  is  equal  to  14.9  c.c.  of 
the  permangauate  solution,  and  that  after  the  manganese  oxide 
on  the  asbestos  filter  has  been  added  to  50  c.c.  of  the  ferrous 
sulphate  solution,  and  the  reaction  between  these  is  complete, 
it  requires  4.1  c.c.  of  the  permanganate  solution  to  react  with 
the  excess  of  ferrous  sulphate.  It  is  evident  that  the  amount 
of  manganese  in  3  grams  of  steel  is  equivalent  to  (14.9  —  4.1) 
10.8  c.c.  of  the  standard  permanganate  solution,  that  is  to 
(10.8  X  .0018)  -  .01944  gram  of  metallic  manganese.  Then 
if  3  grams  or  parts  of  steel  contain  .01944  gram  of  manganese, 

1  gram  or  part  would  contain  (.01944  -f-  3)  .00648  gram,  and 
100  grams  or  parts  would  contain  (.00648  X  100). 648  gram  or 
0.648  per  cent.  This  explanation  may  be  briefly  summarized 
as  follows  :  Obtain  the  strength  of  the  permanganate  solution 
in  terms  of  metallic  iron.  Then  obtain  the  strength  of  the 
same  solution  in  terms  of  metallic  manganese  in  accordance 
with  the  reaction  given  abuve.  Next  find  the  equivalent  of 
the  amount  of  ferrous  sulphate  solution  to  be  used  in  an  anal- 
ysis in  terms  of  the  permanganate  solution.  Then,  after  the 
number  of  c.c.  of  permanganate  solution,  equivalent  to  the 
manganese  in  the  steel  are  obtained,  multiply  these  by  the 
manganese  equivalent  of  the  permanganate  solution.  Move 
the  decimal  point  two  places  to  the  right,  and  divide  by  3. 
The  quotient  will  be  the  per  cent,  of  manganese  in  the  steel. 
It  is,  of  course,  evident  that  the  manganese  equivalent  of  the 
permanganate  may  be  divided  by  3,  and  the  decimal  point 
moved  two  places  to  the  right  before  multiplication,  which 
still  further  simplifies  the  calculation. 

NOTES   AND   PRECAUTIONS. 

This  method,  it  will  be  observed,  separates  the  manganese 
from  the  iron  in  nitric  acid  solution  by  means  of  chlorate  of 
potash,  catches  the  precipitated  oxide  of  manganese  on  an 
asbestos  filter,  and  determines  the  amount  of  the  manganese 
by  means  of  the  reaction  between  ferrous  sulphate  and  this 
oxide  iu  sulphuric  acid  solution  permanganate  of  potash  being 
used,  to  measure  the  change  in  the  ferrous  sulphate  solution, 
produced  by  the  manganese  oxide. 

The  use  of  dilute  nitric  acid  to  effect  rapid  solution  of  the 
steel,  and  the  subsequent  addition  of  the  specified  amount  of 
concentrated  acid,  is  found  to  give  exactly  the  same  results  as 
are  obtained  when  the  steel  is  dissolved  in  concentrated  acid 
from  the  start,  or  as  are  given  when  a  larger  quantity  of  dilute 
acid  is  used  to  start  with,  followed  by  subsequent  concentra- 
tion. The  saving  in  time  by  the  method  recommended 
amounts  to  from  one  to  two  hours. 

Jit  sometimes  happens  that  no  precipitation  of  manganese 
oxide  will  follow  the  firstAddition  of  chlorate,  and  even  some- 
times the  second  addition  is  very  slow  in  producing  a  precipi- 
tate. It  is  hardly  safe  to  pronounce  no  manganese  present 
until  quite  continued  boiling,  and  further  additions  of  chlo- 
rate, and  even  more  nitric  acid  and  further  boiling  leave  the 
solution  quite  clear.  After  the  precipitation  is  once  started  it 
apparently  goes  on  to  completion  without  difficulty.  It  is 
not  advisable  to  add  the  chlorate  of  potash  to  the  boiling  solu- 
tion over  the  fire.  Under  certain  conditions  disastrous  explo- 
sions follow  such  practice. 

It  occasionally  happens  that  permanganic  acid  is  formed  in 
the  nitric  acid  solution.  When  this  is  the  case,  the  filtrate 
will  in  some  cases  at  least  be  clearly  pink  in  color,  and  on 
standing  oxide  of  manganese  will  separate.  It  is  believed 
that  this  possible  difficulty  is  obviated  by  allowing  the  nitric 
acid  solution  to  cool  before  filtration.  This  practice  is  re- 
garded as  better  than  adding  fresh  unboiled  concentrated  nitric 
acid,  as  has  been  recommended,  since  fresh  nitric  acid  may 
contain  nitrous  acid,  in  the  presence  of  which  the  separated 
manganese  is  somewhat  soluble. 

2  The  length  of  time  that  the  nitric  acid  solution  with  the 
separated  manganese  oxide  in  it  may  stand  without  injury 
seems  to  be  considerable.  Duplicate  determinations  made  on 
the  same  steel,  in  one  case  as  rapidly  as  the  manipulation  could 
be  carried  through  comfortably,  and  in  the  other  case,  allow- 
ing the  precipitated  oxide  to  stand  in  the  nitric  acid  solution 
12  hours  before  filtration,  gave  exactly  the  same  results  in 
both  cases.  Diluting  the  acid  with  water  after  the  flask  is 
removed  from  the  fire  aid  then  allowing  to  stand  is  disastrous. 


A  direct  test  showed  that  in  12  hours'  standing  under  these 
conditions  about  half  the  manganese  had  dissolved.  Of  course 
during  standing  the  flasks  should  not  be  exposed  to  direct  sun- 
light for  fear  of  formation  of  nitrous  acid. 

It  does  not  seem  to  be  necessary  to  wash  the  precipitate  on 
the  filter  with  either  concentrated  or  dilute  nitric  acid,  as  was 
formerly  directed.  As  soon  as  the  liquid  from  the  flask  has 
all  run  through,  water  may  be  used  at  once  for  washing  both 
flask,  filter  tube,  and  filter. 

The  necessity  for  the  complete  removal  of  every  trace  of 
nitric  acid  by  the  washing  is  very  great.  A  very  small  amount 
of  nitrous  or  nitric  acid  in  the  ferrous  sulphate  solution  may 
so  interfere  with  the  permanganate  titration  that  the  results 
will  be  worthless.  Large  quantities  of  water  may  be  safely 
used  in  the  washing,  and  the  last  drops  from  the  filter  tube 
should  be  tested  with  phenolphthalin,  or  some  other  delicate 
indicator. 

Whether  it  is  advisable  to  use  the  pump  or  not  during  the 
filtration  seems  to  be  largely  a  question  of  the  asbestos  used. 
With  certain  kinds  of  asbestos  a  plug  i  in.  or  more  iu  thick- 
ness may  be  used  in  the  filter  tube,  and  the  suction  from  the 
pump  applied  vigorously.  With  other  kinds  of  asbestos  this 
procedure  results  in  packing  the  asbestos  so  tightly  that  filtra- 
tion is  retarded,  and  the  subsequent  solution  of  the  manganese 
oxide  in  the  ferrous  sulphate  solution  is  also  seriously  retarded. 
A  mixture  of  poor  asbestos  with  glass  wool  works  nicely  with 
the  pump.  Where  one  operator  has  six  or  eight  determina- 
tions to  filter  at  one  time  there  is  no  advantage  in  the  pump. 
With  a  properly  made  asbestos  filter  the  liquid  will  run 
through  as  rapidly  as  it  can  be  poured  into  the  tubes. 

The  asbestos  for  filters  can  be  used  over  and  over  again,  and 
docs  not  seem  to  deteriorate  from  use.  After  the  titration  is 
finished  the  flasks  are  emptied  into  a  large  beaker,  the  liquid 
drained  off,  and  the  asbestos  washed  three  or  four  times  by 
decantation,  when  it  is  ready  for  further  use. 

For  steels  containing  0.90  per  cent,  or  over  of  manganese, 
it  will  be  necessary  to  use  more  than  50  c.c.  of  the  ferrous 
sulphate  solution.  In  case  the  manganese  oxide  does  not  com- 
pletely disappear  after  a  little  agitation  when  50  c.c.  of  the 
ferrous  sulphate  solution  has  been  added,  leaving  the  asbestos 
perfectly  white,  add  50  c.c.  more  of  the  same  solution  and 
agitate  again.  Of  course  the  calculations  must  be  varied  iu 
accordance  with  this  change. 

Very  few  steels  contain  enough  silicon  to  cause  trouble  in 
the  filtration  provided  the  pump  is  not  used,  and  it  is  very 
rarely  necessary  to  separate  silicon  before  determining  the 
manganese.  When  the  amount  of  manganese  is  very  large, 
the  filtration  is  sometimes  slow,  but  if  care  is  taken  to  keep 
the  tube  full  of  liquid  and  not  to  pack  the  asbestos  too  tight, 
there  is  usually  no  serious  difficulty. 

There  are  some  indications  that  the  separated  oxide  of  man- 
ganese may  not  be  exactly  MnOa.  Positive  experiments  on 
this  point  are  wanting,  but  comparative  experiments  on  the 
same  steel  by  the  method  given  above,  and  by  the  acetate- 
bromine  method,  show  that  for  steels  containing  not  more 
than  1  to  possibly  H  per  cent,  of  manganese,  the  error,  if  any, 
can  safely  be  ignored. 

When  everything  works  well  a  determination  can  be  made 
by  the  method  above  described  in  from  an  hour  to  an  hour  and 
a  half. 


MEETING  OF  THE  MEMBERS  OF  THE  AMERI- 
CAN SOCIETY  OF  MECHANICAL  ENGINEERS. 


RECENT   IMPROVEMENTS   IN   THE    EMERY   TESTING    MACHINE. 


The  March  meeting  of  the  members  of  the  American  Society 
of  Mechanical  Engineers  was  held  at  the  house  of  the  Society 
in  New  York,  on  the  evening  of  Wednesday  the  14th,  with 
Mr.  Eckley  B.  Coxe  in  the  chair.  The  paper  of  the  evening 
was  read  by  Mr.  Sellers  Bancroft,  and  related  to  the  recent 
improvements  that  have  been  made  in  the  Emery  testing  ma- 
chines.    Mr.  Bancroft  spoke  as  follows  : 

Mr.  Chairman  and  Gentlemen: 

I  propose  to  describe  to-night  some  of  the  recent  improve- 
ments in  the  Emery  testing  machine,  but  in  order  that  those 
improvements  may  be  thoroughly  understood,  it  is  perhaps 
necessary  to  go  over  ground  which  is  familiar  to  many  of  you, 
and  for  that  purpose  I  have  a  view  showing  just  the  scheme 
of  the  machine. 

The  essential  peculiarity  of  the  Emery  testing  machine  is 
the  method  by  which  the  stress  produced  upon  the  piece  tested 
is  conveyed  to  the  scale  and  accurately  weighed  by  mechanism 
that  is  entirely  frictionless,  and  that  hence  responds  to  the  same 
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increment  of  load  regardless  of  the  amount  of  strain  upon  the 
specimen. 

This  result  is  accomplished  by  receiving  the  load  upon  a 
hydraulic  support  or  upon  a  group  of  them,  as  the  case  may 
be.  The  general  scheme  is  indicated  in  fig.  1,  which  merely 
shows  therelation  of  the  parts,  no  attention  being  paid  to  pro- 
portion. The  depth  of  the  cylinder  a,  which  merely  repre- 
sents the  main  hydraulic  support,  is  exceedingly  shallow,  and 
the  end  is  closed  to  prevent  the  escape  of  the  contained  fluid 
by  a  thin  sheet  of  metal  b,  upon  which  rests  a  piston  e,  consid- 
erably smaller  than  the  internal  diameter  of  the  cylinder,  giv- 
ing a  "free  span  of  metal  between  Ihe  two.  This  piston  is  secured 
to  the  cylinder  by  a  thin  flexible  fixing  plate  or  plates  d,  il, 
which  permit  a  very  small  movement  in  the  direction  of  the 
axis  of  the  cylinder,  while  rigidly  securing  it  against  any  lateral 
movement.  This  longitudinal  movement  of  the  piston  from 
no  load  to  full  load  is  not  more  than,  say,  .003  in.,  and  as  there 
is  no  hydraulic  packing  and  no  sliding,  there  is  no  friction 
beyond  that  of  the  fluid.  This  hydraulic  chamber  is  filled 
with  liquid  and  connected  by  a  pipe,  e,  with  a  smaller  but 
similar  chamber  B,  the  ratio  between  the  two  being  from  30 
to  1  to  30  to  1  on  small  scales  to  several  hundred  to  one  on 
large  scales.  This  small  chamber  is  placed  in  the  scale,  which 
may  be  at  any  reasonable  distance  :  the  piston  6  of  this  latter 
chamber  acts  through  the  block  //against  the  first  lever  Cof 
the  scale,  which  thus  receives  a  fraction  of  the  load  upon  the 
piston  e,  determined  by  the  relation  between  the  areas  of  the 
two  hydraulic  cylinders  .-1  and  B. 

The  scale  body  is  a  rigid  cast-iron  frame  indicated  by  the 
shade  lines  under  the  lever  supports  G,  G' ,  G",  ard  over  the 
reducing  chamber  B.  All  the  supports  and  cennections  of 
these  levers  are  thin  flexible  plates  of  steel  firmly  secured  or 
clamped  to  the  levers  and  their  supports,  and  having  a  suffi- 
cient exposure  between  their  fixed  ends  so  proportioned  to  their 
thickness  and  the  loads  they  have  to  carry  that  the  amount 
of  bending  due  to  the  movement  of  the  levers  shall  be  well 
within  the  elastic  limit  of  the  material.  The  long  arm  of  the 
lever  C  is  coupled  by  the  bar  D  with  the  short  arm  of  the 
poise  frame  lever  E;  the  long  arm  of  this  lever  carries  all  the 
standard  weights  of  the  scale,  and  the  method  of  putting  them 
on  or  taking  them  off  is  peculiar  to  the  Emery  system.  Sus- 
pended from  this  lever  /Tat  suitable  intervals  by  thin  fulcrum 
plates  are  poise  frames  3".  consisting  of  an  upper  cross-head  S 
and  a  lower  cross-head  T,  united  by  three  vertical  bars  dis- 
posed at  equal  intervals  about  the  cross-heads. 

These  bars  are  provided  on  their  inner  faces  with  short  pro- 
jecting brackets  V  having  a  horizontal  surface  and  a  beveled 
surface,  which  correspond  with  similar  surfaces  formed  on  the 
weights  A,  which  are  short  cylinders  or  rings  with  beveled 
edges  ;  the  weights  are  carried  by  the  flat  surfaces  and  cen- 
tered by  the  beveled  surfaces.  A  weight  frame  M  of  the  same 
construction  has  its  three  vertical  bracketed  bars  alternating 
with  the  bars  of  the  poise  frame  ;  this  weight  frame  is  guided 
and  is  raised  and  lowered  in  a  vertical  line  without  touching 
the  poise  frame  by  a  rock-shaft  and  hand  lever  coupled  to  the 
rod  projecting  from  the  cross-head  B.  The  brackets  on  the 
weight  frame  bars  are  differently  spaced  from  those  on  the 
poise  frame,  and  when  the  weight  frame  is  at  the  top  of  its 
stroke  it  carries  all  of  the  weights  clear  of  the  poise  frame  ;  a 
small  movement  downward  transfers  one  weight  to  the  poise 
frame,  the  beveled  surfaces  on  the  brackets  centering  the 
weight  if  it  is  displaced  sideways  by  a  too  sudden  movement. 
A  further  movement  transfers  another,  and  so  on — that  is.  the 
movement  of  the  weight  frame  in  either  direction  transfers 
the  weights  singly  and  successively  from  one  frame  to  the 
other  The  weights  /  and  g  are  shown  carried  by  the  poise 
frame,  j  and  k  by  the  weight  frame,  while  /(  is  being  transferred 
from  one  to  the  other. 

The  operating  hand  lever  is  provided  with  a  notched  seg- 
ment into  which  a  click  spring  plays,  so  that  the  operator 
feels  when  he  has  moved  the  lever  the  right  distance  to  trans- 
fer a  weight  without  having  to  watch  the  indicator,  as  for- 
merly, and  the  arrangement  of  the  six  bars  surrounds  the 
weights  by  a  cage  that  effectually  prevents  any  displacement 
and  consequent  interruption  of  the  test,  as  sometimes  occurred 
when  the  weights  rested  on  simple  shelves  secured  only  by 
short  pointed  pins.  There  is  hence  no  necessity  for  opening 
the  glass  case  that  encloses  this  part  of  the  scale,  and  the 
weights  are  never  exposed  to  any  risk  of  alteration.  The 
weights  in  the  first  poise  frame  have  a  value  of  100  lbs.,  the 
next  frame  carries  weights  of  a  value  of  10  times  as  much,  or 
1,000  lbs.,  the  next  10,000  lbs.,  and  so  on,  and  the  readings  are 
summed  up  by  a  series  of  segments  connected  to  the  several 
operating  shafts  and  provided  with  figures  denoting  the  num- 
ber of  weights  on  each  poise  frame.  A  horizontal  slot  in  a 
vertical  plate  near  the  upper  left-hand  corner  of  the  scale  is  so 
placed  that  the  reading  of  the  fieures  shown  through  this  slot 


denotes  the  number  of  pounds  pressure  applied  to  the  speci- 
men. 

There  is  no  calculation  required.  Those  weights  show  right 
alongside  of  the  index,  and  at  the  same  time  the  centrality  of 
the  figures  in  that  slot  show  at  once  whether  the  operator  has 
moved  the  operating  lever  of  the  weight  frame  to  the  right 
point.  2s  ow,  there  is  no  rubbing  on  any  part  of  the  scale. 
The  movement  of  the  flexible  plates  and  of  the  fulcrum  plates 
of  course  requires  power.  It  takes  force  to  move  them.  But 
as  the  plates  are  made  so  that  with  the  greatest  stresses  that 
come  on  them  they  are  away  within  the  elastic  limit,  they  will 
give  that  force  back  on  returning  to  the  position  of  equilibrium, 
and  no  matter  which  way  the  needle  is  disturbed  from  the 
zero  point,  it  will  return  to  it  again.  The  only  friction  about 
the  machine  that  may  be  considered  friction  at  all  is  that  of  the 
transfer  of  friction  from  this  large  chamber,  which  receives  the 
weight,  to  the  small  or  reducing  chamber  in  the  scale  case, 
and  in  the  smallest  scales  the  motion  of  the  point  of  the  needle, 
which  is  about  2 in.,  is  in  the  neighborhood  of  360,000  times 
the  motion  of  this  piston,  and  on  the  large  machines  may  be 
as  much  as  6,000,000  as  much.  That  is  based  on  the  ratio  of 
the  levers  and  the  ratio  of  the  areas  of  the  two  cylinders.  Of 
course  there  is  another  factor  which  comes  in  to  increase  the 
motion  of  this  small  piston,  and  that  is  the  spring  of  the  parts 
between  this  support  of  the  scale  in  that  scale  frame  and  the 
upper  support  there.  That  material,  of  course,  stretches,  and 
the  stretch  due  to  the  elasticity  of  that  material  and  the  com- 
pression of  the  parts  G,  II.  and  C  and  (71  C"  is  more,  actually, 
than  the  motion  due  to  the  mechanical  ratio  of  the  parts. 

The  Emery  testing  machines  are  now  made  horizontal  in- 
stead of  vertical  :  in  the  first  place,  to  make  all  sizes  of  ma- 
chines of  one  type  ;  and,  in  the  second  place,  to  get  certain 
advantages  in  overcoming  the  shocks  of  recoil.  In  all  but  the 
very  smallest  size  of  machines,  the  weighing  head  and  the 
hydraulic  cylinder  or  straining  head  are  carried  and  aligned 
by  the  top  "surface  of  a  wrought-iron  bed,  as  shown  in  this 
view  of  a  200,000  lb.  testing  machine,  the  straining  head  on 
the  right  hand  and  the  weighing  head  on  the  left,  back  of 
which  stands  the  scale,  and  to  its  right  is  the  pump  ;  in  the 
foreground  are  the  parts  of  the  tension  holders. 

The  weighing  head,  fig.  5,  consists  of  t%vo  circular  or  annu- 
lar beams  65  and  69,  firmly  secured  together  by  bolts  placed 
around  their  periphery  and  by  the  straining  screws  which  pass 
through  both  beams  and  clamp  them  by  a  shoulder  and  nut. 
This  head  and  the  straining  head  fit  easily  upon  the  bed, 
which  maintains  the  axes  of  the  two  heads  in  the  same  straight 
line.  A  drawbar,  70,  is  secured  in  the  axis'  of  these  beams  by 
two  thin  annular  steel  plates.  72,  bolted  against  shoulders  near 
the  ends  of  the  drawbar  and  secured  firmly  in  recesses  formed 
in  the  outside  face  of  each  beam.  These  plates  hold  the  draw- 
bar securely  in  line  with  the  axis  of  the  machine,  while  per- 
mitting a  free  motion  to  a  limited  extent  in  the  direction  of 
the  axis.  The  projecting  end  of  the  drawbar  is  provided  with 
a  screw  thread  by  which  the  compression  platform  or  the  ten- 
sion holder  is  secured  to  it.  The  drawbar  is  enlarged  in  the 
middle,  and  against  each  of  the  two  shoulders  thus  formed  is 
secured  a  thin  annular  steel  plate,  73  ;  these  plates  are  for  the 
purpose  of  carrying  and  centering  the  hydraulic  support, 
which  is  made  annular  instead  of  circular,  as  shown  in  fig.  1, 
and  is  placed  centrally  about  the  axis  of  Ihe  drawbar,  so  that 
end  stress  on  the  drawbar  is  resisted  symmetrically  by  the 
hydraulic  support,  the  part  corresponding  to  the  cylinder 
being  secured  to  one  plate  and  an  abutmeut  ring  secured  to 
the  piston  being  secured  to  the  other  plate,  while  the  cylinder 
and  piston  are  also  separately  coupled  by  flexible  plates.  By 
this  means  the  hydraulic  support  is  maintained  in  fixed  rela- 
tion with  the  drawbar  laterally,  while  it  is  left  free  to  move 
relatively  to  it  in  the  direction  of  its  axis  through  the  small 
distance  required.  On  each  side  of  the  hydraulic  support 
steel  collars,  71,  are  screwed  and  secured  to  the  drawbar  ;  these 
collars  are  provided  on  the  periphery  with  a  series  of  ribs  (sec 
tig.  Ti.  parallel  with  the  axis  of  the  drawbar,  and  which  lie 
between  without  touching,  similar  ribs  projecting  from  the 
interior  surface  of  the  annular  beams.  The  ends  of  all  these 
ribs  on  the  two  beams  and  the  collars  are  accurately  faced  to 
true  planes  at  right  angles  to  the  axis  of  the  drawbar,  and  the 
distance  between  the  two  extreme  faces  of  the  hydraulic  sup- 
port is  made  slightly  less  than  the  distance  between  these  two 
planes.  Movement  of  the  drawbar  in  either  direction  carries 
the  hydraulic  support  against  the  ends  of  the  ribs  in  one  an- 
nular beam,  and  brings  the  ends  of  the  ribs  on  one  of  the  col- 
lars on  the  bar  against  the  opposite  side  of  the  hydraulic  sup- 
port, and  produces  pressure  on  the  contained  liquid  which  is 
transmitted  through  the  pipe  63  to  the  small  hydraulic  cham- 
ber in  the  scale.  For  the  purpose  of  ensuring  that  everything 
about  the  hydraulic  chamber  has  a  solid  bearing,  it  is  neces- 
sary to  produce  an  initial  loading  of  about  5  per  cent,  of  the 
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maximum  load,  which  is  done  by  applying  a  definite  spring 
pressure  t"  move  the  drawbar  in  the  direction  in  which  the 
-  (O be  applied  to  the  specimen  will  move  it,  and  after  this 
the  scale  is  balanced  in  the  usual  way  by  sliding  weights  on 
the  poise  beam.     In  order  to  prevent -the  Bhockof  recoil,  re- 
sulting from  the  rupture  of  a  huge  specimen  of  high  - 
from  doing  injury  to  the  thin  brass  plates  in  the  hydraulic 
support,  the  abutting  pieces  64,  of  the  support  which 
against  the  ribs  in  the  annular  beam  »>">,  when  strains  of  ten- 
sion are  applied,  is  made  larger  in  diameter  than  the  hydraulic 
support  proper,  and  is  provided  with  a  spiral  or  screw  fac 
which  engages  with  a  corresponding  screw  face  formed  on  a 
rotalable  ring,  67,  tilting  in  the  other  annular  beam  69.     After 
the  initial  load  lias  l>een  applied,  this  ring  is  rotated  by  the 
pinion  shaft  68,  to  bring  the  screw  faces  in  contact  <see  r  . 
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and  the  abutting  piece  64  is  thus  clamped  firmly  to  the  annu- 
lar beam  against  which  it  rest-.  When  the  specimen  break-, 
its  first  blow  is  delivered  through  the  drawbar  and  ribbed  col- 
lar to  this  abutting  piece  64,  which  transmits  it  through  the 
ring  67  to  the  rear  annular  beam  60,  and  as  these  beams  65 
and  69  are  rigidly  united,  the  blow  is  absorbed  by  the  total 
mass  of  these  two  beams.  The  hydraulic  supjiort  is  thus  thor- 
oughly protected,  and  these  machines  can  be  used  regularly 


for  breaking  high  steel  specimens  up  to  the  full  capacity  of 
the  machine  without  any  risk  of  injury. 

The  weighing  head  is  returned  to  its  place  on  the  bed  after 
movement  due  to  recoil  by  a  set  of  spiral  springs  locked  up  in 
boxes  secured  to  the  bed,  shown  at  the  extreme  left-hand  end 
of  fig.  2  ;  these  springs  are  strong  enough  to  move  the  head, 
ami  their  resistance  diminishes  greatly  the  movement  due  to 
recoil,  while  the  friction  of  the  head  upon  the  bed  rapidly 
wipes  out  the  oscillations. 

The  annular  beams  bolted  together,  as  described,  constitute 
inn  built-up  beam  to  resist  the  bending  due  to  the  pressure  on 
the  drawbar  midway  between  the  straining  screws.  The 
hydraulic  support  is  thus  enclosed  in  a  rigid  mass  of  cast  iron 
and  effectually  protected  against  injury  from  violence  or  from 
being  gummed  up  by  oil  from  the  straining  cylinder,  as  has 
occurred  with  the  upright  machines,  and 
the  frictionless  movement  of  this  support 
under  all  conditions  of  service  is  thus  se- 
cured. 

The  fixing  plates  of  this  construction  are 
short  and  direct,  and  there  is  no  opportunity 
after  that  is  once  assembled  for  any  tamper- 
ing with  it  or  any  getting  inside  of  it  to  in 
any  way  hamper  its  movement. 

Figs.  9  and  10  show  a  method  of  making 
the  hydraulic  support  for  very  large  ma- 
chines, or  when  the  annular  support  just  de- 
scribed would  become  too  large  to  be  rated 
by  the  support  te>ting  machine.  In  this  case 
the  supports  are  made  circular  and  are 
grouped  symmetrically  about  the  axis  of  the 
drawbar  ;  as  shown  in  tig.  9,  they  may  be  all 
coupled  together  by  one  pipe  or  connected, 
as  shown,  by  individual  pities  to  one  or  more 
reducing  chambers  in  the  scale.  The  cylin- 
ders of  the  supports  are  secured  to  the  ring 
75  and  the  pistons  to  the  ring  76,  which  is 
provided  with  a  screw  thread  on  its  over- 
hanging rim,  and  is  clamped  by  the  ring  67, 
as  before  described. 

Two  straining  screws  77  are  provided  isee 
fig-.  15,  16,  and  17),  fixed  firmly  to  the 
weighing  head  and  passing  freely  through 
bearings  88,  formed  on  each  end  of  the  strain- 
ing head  87  ;  a  revolving  nut,  89,  provided 
with  gear  teeth  on  its  periphery  is  placed  on 
each  straining  screw  between  the  two  bearings 
88  formed  on  the  sides  of  the  straining  head  ; 
these  nuts  ate  revolved  by  the  wide  face  pin- 
ions 90,  driven  through  the  bevel  wheels  92 
and  93  by  a  balancing  train  of  gearing  con- 
sisting of  a  gear  wheel  96  carrying  two  bal- 
ancing bevel  pinions  (see  fig.  17),  meshing 
with  two  bevel  wheels,  one  on  each  side  of 
the  first  gearwheel  96,  so  that  power  applied 
to  the  gear  96  is  by  means  of  the  balancing 
pinions  divided  equally  between  the  two  bevel 
wheels,  and  thus  imparts  equal  pressure  to 
the  revolving  uuts  89  on  the  straining  screws. 
This  arrangement  does  away  with  the  neces- 
sity heretofore  existing  of  having  the  strain- 
ing screws  of  exactly  similar  pitch  through- 
out their  length.  With  this  construction  the 
screws  could  be  of  different  pitches,  the  align- 
ment of  the  heads  being  secured  by  the  fit 
of  the  screws  in  their  bearings  and  of  the 
heads  on  the  wrought-iron  bed  or  shear  ;  by 
driving  this  train  of  gearing  either  by  hand  or 
by  power  the  straining  head  is  moved  back 
and  forth  upon  the  bed  to  accommodate  the 
varying  lengths  of  specimens  ;  when  the  head 
is  adjusted  to  place,  the  nuts  form  the  abut- 
ments upon  the  screws  to  resist  the  move- 
ment of  the  cylinder  for  strains  of  compression 
or  extension.  The  nuts  89  do  not  nt  snugly 
endwise,  as  heretofore,  but  a  space  of  several 
inches  is  left  between  the  ends  of  the  nuts  89 
and  the  faces  of  the  bearings  88  (see  fig, 
15).  This  provides  for  the  shock  of  recoil 
when  breaking  a  long  and  large  specimen,  the  sudden  re- 
lease of  the  straining  screws  from  their  load  when  the  speci- 
men breaks,  together  with  the  force  resulting  from  the  sudden 
contraction  of  that  end  of  the  specimen  attached  to  the  strain- 
ing head,  merely  give  the  head  a  push  along  the  bed  and  it 
slides  freely  until  its  momentum  is  absorbed  by  its  own  fric- 
tion, the  space  between  the  revolving  nuts  and  the  bearings 
allowing  ample  room  for  this  travel  under  the  best  conditions 
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of  lubrication.  This  head  is  thus  entirely  cufoff  from  the 
rapid  vibrations  of  the  straining  screws,  and  the  necessity  of 
making  the  nuts  an  exceedingly  good  6t  to  both  screw  and 
head  is  entirely  avoided. 

The  straining  head  is  provided  with  a  piston  packed  to  re- 
ceive fluid  pressure  in  either  direction,  and  the  piston  rod  pass- 
ing through  a  packed  bearing  in  one  end  is  provided  with  a 
screw  thread,  similar  to  that  on  the  drawbar,  lo  receive  the 
various  holders.     The  fluid  is  supplied  to  this  straining  cylin- 
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der  through  two  systems  of  jointed  pipes,  which  are  connected 
through  the  valves  at  the  scale  case  with  the  presure  pump 
and  the  tank  respectively,  so  that  each  pipe  acts  either  as  a 
pressure-pipe  or  an  exhaust-pipe,  depending  upon  the  direction 
in  which  the  strain  is  to  be  exerted  upon  the  specimen. 

]The  tension  holder  for  gripping  specimens  for   extension 
tests  is  shown  in  section  in  tig.  21  ;  a  steel  case  consisting  of  the 
two  parts  90  and  107,  united  by  the  nut  108,  is  secured  to  the 
end  of  the  drawbar  or  piston-rod  by  the  screw  thread  de- 
scribed.    The  gripping  jaws  110  are  two 
cylinders  that  slide  freely   in    cylindrical 
holes  bored  in  the  case  99  at  an  angle  of 
about  20°  with  the  axis  of  the  case,  making 
an  angle  of,  say,  40°  with  each  other,  the 
axes  of  the  jaws  and  of  the  case  being  in 
the  same  plane.     The  rear  end  of  each  of 
these  jaws  is  provided  with  a  "  T"  slot  ly- 
ing in  this  plane  and  at  right  angles  to  the 
axis  of  the  case,   which  engages  with  a 
"  T"  rib  formed  on  a  cross-head  100  that 
tits  in  a  bearing  in  the  case,  and  compels 
the  jaws  to  move  equally  and  simultane- 
ously (see  fig.  25).     The  cross-head  is  pro- 
vided with  a  screw  thread  in  its  interior  to 
receive  an    abutment    screw   103,   which 
forces  the  jaws  forward  and  closes  them 
upon  the  specimen.     This  screw  is  operated 
by  an  annular  worm  gear  102,  provided  in 
its  ^interior  with  two  narrow  lugs  (see  figs. 
22  and  23),  which  engage  with  two  similar 
lugs  formed  on   the  abutment   screw,    so 
that  the  worm-wheel  could  make  almost  a 
half  revolution  without  moving  the  screw 
to  which  it  is  coupled  by  a  strong  spiral 
spring,   fig.   24.     Cylindrical   recesses  are 
formed  in  the  opposing  faces  of  the  jaws 
to  receive  the  hardened  steel  gripping  dies 
111   and  112,  which  are  made   of  various 
sizes  and   shapes  to  receive  flat,  square, 
or  round   specimens.     The   forward   half 
of  these  dies  112  is  made  parallel  and  smooth  and  of  a  shape  to 
conform  to  the  section  of  the  specimen  ;   following  this  the 
die  111  has  a  series  of  alternate   V-shaped  ridges  and  grooves 
running  transversely  to  the  length  of  the  specimen  j  the  apex 
of  the  ridge  next  to  the  parallel  die  112  being  truncated,  so 
that  it  stands  a  very  little  above  the  surface  of  the  parallel 
die  ;  the  next  ridge  is  truncated  less  and  stands  higher,  and  so 
on  until  the  last  ridge,  which  is  left  sharp  (see  fig.  20).     The 
dies  are  closed  upon  the  specimen  to  be  tested,  by  turning  the 
worm-wheel  which,  by  means  of  the  abutment  screw  Id:!  and 
cross-head  100,  pushes  the  jaws  forward  until  the  sharp  ridge 
on  the  dies  rests  against  the  specimen  :  further  revolution  of 
the  worm  gear  then  winds  up  the  spiral  spring  until  the  driv- 


ing lugs  on  wheel  and  screw  come  in  contact,  when  the'sharp 
ridge  is  forced  into  the  specimen  sufficiently  to  insure  that  the 
friction  between  the  dies  and  the  specimen  shall  be  greater 
than  that  between  the  jaws  and  the  case.  When  stress  is  ap- 
plied to  the  specimen  the  jaws  will  be  drawn  forward,  sinking 
these  ridges  successively  into  the  specimen  until  the  parallel 
part  of  the  dies  grip  it  firmly,  the  idea  being  that  the  parallel 
part  will  hold  with  more  than  sufficient  friction  to  compensate 
for  the  depression  made  in  the  specimen  in  the  first  ridge,  and 
so  on  to  the  last,  so  that  a  bar  of 
metal  can  be  put  into  this  holder  with- 
out any  preparation  and  broken  with- 
out any  risk  of  being  broken  in  the 
gripped  part.  As  the  jaws  arc  drawn 
forward  the  spiral  spring  unwinds 
and  keeps  the  abutment  screw  tightly 
pressed  against  the  cross-head,  hold 
ing  it  against  the  ends  of  the  jaws,  and 
taking  up  all  lost  motion,  so  that  ac- 
curate centering  and  gripping  of  the 
-  specimen,  no  tearing  strains,  accuracy 
of  weighing  at  all  times,  definite 
weights  applied  at  each  movement, 
and  great  rapidity  for  commercial 
testing  is  obtained,  while  when  the 
specimen  breaks  it  will  in  all  cases  be 
firmly  held  in  the  dies,  and  there  will 
be  no  disturbance  nor  flying  pieces, 
nor  any  noise  beyond  that  of  the 
broken  piece  itself. 

The  form  of  Ipump  that  we  are 
now  using  is  a  three-throw  crank  type 
coupled  by  connections  to  links  vi- 
brating about  this  center.  These  links 
then  have  the  constant  stroke  due  to  the  crank,  which  runs 
about  100  revolutions  a  minute.  At  the  back  there  are  the 
cylinders,  with  valve  and  check-valve  and  cross-head  there, 
aud  the  connection  here  which  couples  to  the  link-block  slid- 
ing in  this  link.  Those  links  can  be  raised  right  up  to  the 
center  of  the  shaft,  so  that  the  stroke  of  the  pump  plunger  is 
stopped  entirely,  and  they  can  be  lowered  until  the  pump  has 
a  stroke  of  5i  in.,  so  that  by  raising  and  lowering  that  you 
get  any  stroke  between  the  two  extremes,  or  any  rate  of  flow 


that  may  be  desired. 

A  description  of  the  testing  machine  would  not  be  complete 
without  a  notice  of  the  support  testing  machine,  by  which  all 
of  these  testing  machines  are  rated. 

This  machine  is  made  entirely  of  steel,  in  order  to  secure 
the  greatest  possible  rigidity,  and  weighs  some  4."), 000  lbs.  It 
consists  of  a  bed-plate  1,  tig.  4,  on  which  are  mounted  two 
main  levers  2,  2,  which  carry  a  heavy  platform  0  about  40  in. 
square  ;  the  outer  ends  of  these  levers  are  coupled  to  secondary 
levers  3  and  4,  also  carried  from  the  bed  at  their  outer  ends  ; 
the  inner  ends  of  the  lever  3  is  connected  by  a  rod  9  to  a  liver 
10,  fulcrumed  at  the  point  12  to  the  top  plate  1:1,  which  is 
supported  by  four  steel  columns  5J  in.  diameter  and  77J  in. 
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long  from  bed  to  top  plate,  3j  in.  diameter  in  plate.  The  lever 
10  on  top  is  connected  by  a  rod  15  with  the  poise  frame  lever 
16  in  the  scale,  from  which  lever  all  the  poise  frames  are  sus- 
pended and  to  which  the  indicator  needle  is  connected  ;  the 
.second  lever  4  is  connected  by  a  rod  ;i  to  one  end  of  the  equal  - 
armed  lever  11,  11,  fulcrumeil  at  the  point  14  to  the  top  plate 


13,  and  at  the  point  17  to  the  lever  10.  the  lever  11  serving  to 
transfer  the  downward  pull  on  the  rod  9'  to  the  lever  10.  so  as 
to  have  the  same  effect  as  the  pull  on  the  rod  9.  All  of  the 
supports  and  connections  of  all  the  levers  are  the  Emery  flexi- 
ble fulcrum  plates  varying  in  thickness  from  about  .005  in.  at 
the  needle  to  ,35  in.  at  the  platform,  which  is  designed  to 
carry  500.000  lbs.,  and  has  carried  600,000  !bs.  without  any 
signs  of  injury,  the  ratio  from  the  platform  to  the  point  of  the 
needle  being  306,600  to  1.  Close  to  the  fulcrum  of  the  second 
lever  3,  an  auxiliary  weighing  platform  18,  having  a  capacity 
of  5,000  lbs.,  is  arranged,  and  hung  from  the  lever  10  on  the 
top  plate  is  another  platform  19,  of  500  lbs.  capacity.  Tliis 
large  scale  shows  conclusively  that  the  use  of  fulcrum  plates 
instead  of  knife  edges  eliminates  friction  ;  a  weight  of  800 
grains  laid  on  the  main  platform  puts  in  motion  material 
weighing  more  than  25,000  lbs.,  and  moves  the  needle  .02  in., 
and  in  all  of  our  experimental  wrork  on  this  machine  we  were 
unable  to  perceive  any  reduction  in  this  sensitiveness  when 
fully  loaded.  The  same  weights  are  used  for  the  three  plat- 
forms, being  decreased  in  value  for  the  small  platforms  by  the 
ratio  that  they  bear  to  the  main  platform,  thus  a  1.000  lbs. 
weight  in  the  scale  balances  1  lb.  on  the  5001b.  platform, 
which  turns  with  half  a  grain. 

Pressure  is  applied  to  the  platform  of  this  scale  by  means  of 
an  upper  platen  8,  movable  by  four  large  loading  screws,  car- 
ried by  nuts  bolted  to  the  top  plate,  by  means  of  a  large  hand- 
wheel  and  worm  gear.  These  screws  are  operated  with  the 
greatest  nicety,  so  that  the  pressure  upon  any  object  resting 
on  the  scale  platform  can  be  adjusted  exactly.  The  main 
hydraulic  support  of  every  testing  machine  built  by  us  is 
placed  on  this  platform  and  connected  with  the  reducing 
chamber  in  the  scale  which  is  to  be  used  with  the  machine. 
Definite  loads  are  then  applied  by  means  of  the  loading  screws, 
and  the  weights  in  the  poise  frames  of  the  testing  machine 
scale  carefully  adjusted  to  correspond  ;  in  this  way  every 
machine  is  rated  accurately  by  small  increments  of  load  up  to 
its  full  capacity,  nothing  being  taken  for  granted.  For  very 
large  machines,  where  the  size  of  the  annular  hydraulic  sup- 
ports would  be  beyond  the  capacity  of  this  machine,  the  sup- 
ports are  made  circular  and  grouped  around  the  drawbar  as 
before  described,  and  by  testing  these  supports  first  separately 
and  then  collectively,  a  testing  machine  of,  for  example,  10,000 
tons  capacity,  could  be  accurately  rated  throughout  its  full 
range,  giving  an  absolute  certainty  as  to  results  never  before 
attained. 

The  original  rating  of  this  machine  presented  some  very 
curious  problems  which  gave  a  great  deal  of  trouble  to  solve, 
but  ended  in  convincing  us  that  while  the  machine  is  exceed- 
ingly sensitive  to  change  of  load,  it  is  also,  which  is  a  rare 


combination,  equally  insensitive  to  rough  usage,  such  as  severe 
side  strains  and  twists. 

The  method  of  rating  proposed  was  to  place  a  standard 
weight  on  the  platform  and  balance  it  by  -mull  standard 
weights  placed  in  one  of  the  poise  frames  ;  then  to  remove 
this  standard  and  apply  pressure  to  the  platform  by  means  of 
the  loading  screws  until  the  small  weights 
were  again  balanced  ;  then  to  replace  the 
standard  and  see  if  it  was  again  balanced 
by  the  same  amount  of  small  weights,  the 
weighing  of  the  machine  being  assumed 
to  be  correct  if  this  standard  weight  would 
be  balanced  by  the  same  small  weights 
under  all  conditions  of  loading,  and  so  on 
until  the  full  capacity  of  the  machine  was 
reached. 

The  standard  first  used  weighed  1  ton, 
and  as  the  loads  were  applied  by  the  screws, 
its  balancing  weight  fell  off  until  it  re- 
quired only  four-fifths  of  the  small  weights 
to  balance  it  ;  that  it  took  when  on  the 
empty  machine  ;  in  other  words,  it  weighed 
but  1,600  lbs.,  and  from  that  point  on  up 
to  the  full  capacity  of  the  scale  it  weighed 
1 ,600  lbs.,  neither  more  nor  less.  The  first 
inference  was  that  some  part  of  the  scale 
was  not  solidly  fitted,  and  that  under  this 
load  it  settled  "to  place.  An  initial  load  of 
30,000  lbs.  was  applied  by  steel  bars  placed 
so  as  to  act  as  load  springs,  but  without 
producing  any  change  in  the  action  of  the 
machine.  The  machine  was  then  taken 
apart,  but  a  very  careful  examination  failed 
to  detect  any  defect.  Supposing  that  the 
defect  miglit  be  too  small  to  be  readily 
discovered,  an  effort  was  made  to  exagger- 
ate it  and  so  locate  it  by  packing  the  lever 
supports  out  of  level  and  in  wind.  The 
machine  required  rebalancing,  of  course,  but  nothing  that  we 
did  disturbed  the  action  of  the  weight,  nor  the  sensitive- 
ness of  the  scale,  nor  the  regularity  of  weighing  when  the 
critical  point  was  once  passed.  The  screws  and  gearing  ac- 
tuating the  platen  were  then  thought  to  be  at  fault,  although 
it  was  impossible  to  see  how  they  could  cause  any  disturbance, 


Fig.  SO 


Fig.  3S 


Fig.  30  Fig.  31 


but  in  order  to  avoid  any  question,  an  hydraulic  chamber  3  ft. 
in  diameter  was  made  and  secured  to  the  underside  of  the 
platen,  and  suspending  bolts  were  provided  so  the  platen  could 
be  adjusted  closely  to  place  by  the  screws  and  all  lost  motion 
taken  up  by  the  suspending  bolts  ;  pressure  was  applied  by 
pumping  liquid  into  this  hydraulic  chamber.  The  results 
differed  in  no  way  from  those  previously  obtained,  but  by 
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this  time  I  had  determined  what  the  cause  of  the  trouble  was 
— namely,  that  we  had  been  trying  to  weigh  two  kinds  of 
pressure  without  thinking  that  they  might  have  different  re- 
sults. I  therefore  coupled  this  hydraulic  cylinder  to  a  testing 
machine  scale,  applied  a  pressure  of  about  150,000  lbs.  on  the 
platform  of  the  support  testing  machine,  and  put  weights  on 
the  poise  frames  of  the  testing  machine  scale  until  its  needle 
stood  at  zero.  We  then  ran  the  ton  weight  on,  and,  as  I  ex- 
pected, the  needle  on  the  scale  immediately  moved,  indicating 
a  reduction  in  the  pressure.  This  reduction  was  produced  by 
the  very  minute  sinking  of  the  platform  when  the  ton  weight 
was  applied.  Keeping  the  weight  on,  the  screws  were  ad- 
justed until  the  needle  stood  again  at  zero,  and  then  the  ton 
weight  required  exactly  the  same  amount  to  balance  it  as  -/vhen 
it  was  put  on  the  empty  machine.  This  settled  the  whole 
question  ;  we  found  the  machine  was  right,  its  weighings  reg- 
ular under  conditions  of  distortion  that  would  have  ruined  an 
ordinary  scale,  and  that  the  whole  trouble  came  from  the  fact 
that  we  had  been  trying  to  weigh  screw  pressure  and  pressure 
produced  by  gravity  without  taking  into  account  the  disturb- 
ance that  one  produced  on  the  other. 

The  extreme  sensitiveness  of  this  machine  serves  to  show 
how  material  supposed  to  be  solid  and  rigid  is  in  reality  con- 
tinually in  motion.  In  one  test  the  full  pressure  of  500,000  lbs. 
was  put  upon  the  platform  and  allowed  to  remain  for  TO  hours. 
At  the  end  of  this  time  it  had  fallen  off  to  498,407  lbs.,  and 
the  falling  off  still  continued  at  a  rate  of  about  1  lb.  in  10  min- 
utes. The  pressure  was  then  reduced  to  400,000  lbs.  Instead 
of  falling  off  the  load  increased  40  lbs.,  in  three  minutes,  and 
after  standing  for  10  minutes  the  load  decreased  at  the  rate  of 
7  lbs.  in  about  five  minutes.  When  the  pressure  was  reduced 
to  300,000  lbs.,  in  nine  minutes  the  load  increased  146  lbs.,  with 
no  further  indication  of  increase  or  decrease  for  11  minutes, 
when  it  began  to  fall  off  very  slowly.  The  pressure  was  then 
reduced  to  200,000  lbs.  In  five  minutes  it  increased  307  lbs., 
and  in  nine  minutes  370  lbs.  At  this  point  the  load  began  to 
fall  off  very  slowly. 

It  would  be  very  interesting  to  try  if  any  lapse  of  time  under 
load  would  finally  bring  these  movements  to  rest,  but  there 
has  been  as  yet  no  necessity  for  making  the  experiment. 

DISCUSSION. 

It  was  asked  whether  it  required  the  operation  of  more  levers 
than  one  to  operate  the  scale.  In  the  old  machine  it  requires 
one  lever  for  each  weight  clamped. 

Mr.  Bancroft  :  There  is  one  lever  for  each  weight  clamped 
in  this.  Each  frame  has  a  lever  which  is  provided  with  this 
click  spring.  In  this  scale  here  each  weight  is  indicated  by  a 
small  indicator.  On  the  regular  testing  machine  we  group 
those  all  together,  so  that  the  total  consumption  of  the  weight 
is  weighed  in  one  line. 

Mr.  Albert  Emery  :  When  this  load  of  500  was  put  on  and 
remained  7u  hours,  I  suppose  it  was  a  solid  loading  of  metal 
to  metal. 

Mr.  Bancroft  :  It  was  a  solid  loading  of  metal  to  metal. 

Mr.  Henry  R.  Towne  :  I  think  it  might  assist  the  meeting 
and  prevent  a  misunderstanding  if  a  point  made  by  Mr.  Ban- 
croft at  the  close  of  his  remarks  were  explained— namely,  that 
the  experience  with  this  machine  had  developed  a  difficulty 
due  to  the  difference  in  pressures  resulting  from  loads  applied 
by  gravity  or  the  screws.  It  is  simply  this,  that  the  load  is 
applied  through  the  action  of  these  screws,  producing  tension 
in  these  stays  or  rods  and  compression  in  other  parts  of  the 
machine.  Now  when  a  weight,  say,  of  1  ton  is  added  to  the 
load  on  the  platen,  it  tends  to  substract  that  amount  of  load 
from  the  strain  which  is  upon  the  other  parts  of  the  machine. 
It  takes  it  from  the  tension  of  these  rods  and  off  from  the  com- 
pression of  certain  other  parts,  and  it  is  that  diminution  of  the 
pressure  acting  on  the  material  of  the  machine  which  distrib- 
utes the  resistance  of  the  material  to  that  particular  pressure. 
The  pressure  is  lessened  and  the  elastic  action  of  the  parts 
under  the  altered  pressure  is  somewhat  different  from  what  it 
was  before.  The  application  of  the  additional  load  changes 
the  tension  or  the  compression,  as  it  may  be,  upon  the  com- 
ponent parts  of  the  machine,  and  the  means  of  recording  that 
elasticity  is  so  remarkable  that  it  appears  on  the  reading  of 
the  scale. 

Mr.  Bancroft  :  You  can  understand  it  probably  better  if 
you  consider  the  machine,  instead  of  being  supported  on  the 
base,  as  being  suspended  on  the  upper  cross-head.  Then  these 
columns  would  have  the  strain  due  to  the  weight  of  the  ma- 
chine and  also  the  elastic  pressure  of  these  rigid  blocks  be- 
tween these  two  platens.  Assuming  a  ton  weight  put  on  this 
platform,  it  is  clear  you  have  thrown  an  additional  stress  on 
those  bolts.  They  must  elongate,  and  that  elongation  will 
diminish  the  pressure  betweeu  these  surfaces  to  the  same  ex- 
tent. 


Mr.  Albert  Emery  ;  I  would  like  to  remark  that  I  found  the 
same  thing  in  the  original  testing  machine  where  I  laid  down 
the  beam  forming  the  bed  ;  laid  on  that  the  beam  which  forms 
the  platform  of  the  fulcrum  or  scale.  A  large  standard  weight 
was  then  to  be  applied  to  the  beam  forming  the  platform,  with 
an  exact  load  of  its  weight  on  the  measure  on  the  scale  ;  then 
long  bolts  running  through  those  two  beam9  and  bolting  them 
together  were  put  under  a  load  of,  say,  100,000  lbs.  strain,  and 
that  we  carefully  balanced  and  then  the  standard  weight  laid 
on  again.  I  found  that  no  load  that  I  could  put  on  those  bolts, 
which  were  able  to  carry  the  800.000  load  of  the  scale, 
would  be  retained  on  that  scale  perfectly  that  length  of  time. 
That  is  to  say.  whether  I  put  on  10,000  on  those  bolts  or 
100,000,  or  20.000  or  500,000,  it  was  immaterial.  Xo  load 
would  stand  still.  They  were  always  yielding,  and  I  had  to 
give  up  that  method  and  take  another  one. 

Mr.  Bancroft  :  You  see  we  were  forced  into  the  same 
thing. 

Mr.  Emery  :  Exactly,  because  I  was  not  there  to  tell  you. 

Mr.  Towne  :  Mr.  Emery  was  the  first  discoverer  of  the  fact 
that  there  is  no  such  thing  as  rigidity  of  material. 

Mr.  Emery  :  I  would  like  to  add  to  that  remark  another 
one.  I  have  several  times  conceived  the  desirability  of  taking 
a  single  bar  to  form  a  measure  of  the  friction  put  on  the  speci- 
men, measuring  the  length  of  the  bar  when  put  under  com- 
pression or  tension  by  strain  on  the  specimen,  and  recording 
that  length  very  minutely.  But  the  experience  gained  in  test- 
ing this  machine,  as  well  as  that  formerly  gained  in  the  orig- 
inal machine,  would  indicate  that  the  drawbar  will  never  give 
proportionately  to  the  loads  put  on  it.  It  will  be  subject  to 
a  very  sensible  and  material  error  compared  to  any  error  of 
this  machine. 


A  NEW  PHOTOGRAPHIC  PROCESS. 


The  London  Times  some  time  ago  gave  the  following  ac- 
count of  an  interesting  exhibition  at  the  Camera  Club,  to  dem- 
onstrate a  new  method  of  photography,  by  means  of  which 
several  difficulties  and  drawbacks  are  easily  overcome.  The 
process  is  the  invention  of  Mr.  Arthur  Burchett,  who  gave  in 
the  evening,  before  a  large  audience,  a  demonstration  and  ex- 
planation of  the  system,  by  which  he  has  obtained  such  excel- 
lent results.  The  difficulties  which  he  has  succeeded  in  over- 
coming, as  he  said,  almost  by  a  happy  accident,  are  chiefly 
those  which  have,  to  a  great  extent,  hitherto  stood  in  the  way 
of  most  photographers — namely,  the  translation  of  the  colors 
of  nature  into  correct  monochrome  values.  The  discovery  is 
equally  important  whether  it  is  applied  to  landscapes  taken 
direct  or  to  the  reproduction  of  original  pictures.  It  is  well 
known  that  the  latter  forms  to-day  an  immense  industry,  if, 
indeed,  it  may  not  justly  be  called  an  art,  by  means  of  which 
photography  "has  become  almost  the  only  medium  of  illustra- 
tion. Not  only  so,  but  the  reproductions  also  of  the  works  of 
the  great  painters  of  all  times  are  widely  distributed  and  made 
easily  accessible.  It  is  therefore  of  great  importance  that  the 
originals  should  be  correctly  rendered  in  the  translation  from 
color  to  monochrome  :  and," although  there  are  already  a  cer- 
tain number  of  capable  men,  the  very  simple  process  which 
Mr.  Burchett  has  placed  before  us  can  scarcely  fail  to  benefit 
a  wider  section  of  photographers,  both  from  its  application  to 
this  class  of  work  and  also  to  photographs  taken  direct  from 
nature. 

All  photographers  are  aware  that  certain  colors  have  a 
greater  effect  upon  the  sensitive  plate  than  others.  The  actin- 
ism of  blue  rays  and  of  the  sky,  for  instance,  is  so  great  that 
it  is  extremely  difficult  to  prevent  their  action  from  being 
buried  during  development  before  the  effect  of  less  actinic 
rays  can  be  brought  out.  On  this  account  the  practice  of 
using  two  negatives,  in  order  to  produce  a  combination  print 
of  sky  and  landscape,  is  almost  universal.  Objects  of  a  yel- 
low color,  again,  are  distinguished  in  the  print  by  a  much 
lower  tone  than  they  should  have  according  to  their  relative 
value  in  the  natural  scale,  and  the  whole  system  of  tone-ren- 
dering has  long  been  considered  by  painters  as  a  reproach  to 
photography.  To  remedy  these  defects  it  has  been  customary 
to  interpose  screens  of  a  yellow  color  between  the  object  and 
the  sensitive  plate,  but  Mr.  Burchett  has  discovered  that  a 
combination  of  yellow  and  green  screens  or  glasses  is  a  more 
effective  and  simple  remedy.  The  method  possesses  also  other 
advantages,  among  which  may  be  mentioned  the  cure  of  hala- 
tion. The  whole  of  this  very  "simple  discovery  consists,  then, 
in  the  use  of  this  combined  screen.  There  is,  in  fact,  little 
more  to  describe,  but  a  visit  to  the  exhibition  and  inspection 
of  Mr.  Burchett's  pictures  will  at  once  demonstrate  to  photog- 
1  raphers  its  importance  and  value.    We  have  here  landscapes 
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combined  with  skies,  to  which  a  comparatively  long  exposure 
has  been  given,  the  blues  and  the  various  lints  of  the  clouds 
assuming  their  true  relation  of  tone  ;  more  unusual  still, .in 
photography,  we  have  the  full  disk  of  the  sun  appearing  as 
it  appears  in  nature.  .With  ordinary  methods  what  is  termed 
reversal  causes  the  image  of  the  sun  to  come  out  black  in  the 
print.  Snow  landscapes  and  mists,  the  greens  and  yellows  of 
ferns  and  other  vegetation  are  equally  subject  to  correction 
under  the  new  treatment,  and,  generally  speaking,  the  effect 
of  atmosphere  is  far  more  easily  obtained.  With  regard  to 
Mr.  Burchett's  reproductions  of  paintings,  several  of  which, 
after  well-known  artists,  are  exhibited,  it  will  be  sufficient  to 
say  that  the  painters  themselves  are  satisfied  ;  no  higher  testi- 
monial of  the  value  of  the  process  could  be  given. 

With  regard  to  the  practical  working  of  the  invention,  this 
consists  simply  in  interposing  screens  of  green  and  yellow 
glass  between  the  combinations  of  the  lens.  The  exposure- 
required  is  increased  by  very  little,  and  no  special  plates  or 
special  treatment  in  development  are  necessary.  It  is  curious 
to  observe  also  that  the  screens  appear  to  have  the  effect  of 
increasing  the  quality  of  the  definition,  so  that  a  lens  working 
with  an  aperture  of,  say,/22  will  give  the  effect  of  using  an 
aperture  of /40.  In  his  early  experiments  Mr.  Burchett  found 
that  a  yellow  glass  alone  had  little  or  no  effect.  A  green 
medium  was  a  decided  improvement,  but  the  blues  were  still 
defective,  and  the  reds  also,  though  to  a  less  degree.  By  plac- 
ing, however,  the  yellow  screen  in  a  certain  position  behind 
the  green  the  correction  is  accomplished.  It  should  be  noted 
that  a  special  kind  of  green  glass  is  necessary  ;  any  tint  of 
green  will  not  suffice. 

In  the  discussion  which  followed  Mr.  Burchett's  lecture,  at 
which  Captain  Abuey  presided,  the  theory  of  the  process  was 
fully  entered  into  by  the  president  and  Mr.  T.  R.  Dallmeyer. 
It  must  be  conceded  that  an  absolutely  new  process  is  due  to 
Mr.  Burchett  ;  and  in  photography  especially  it  is  of  value  to 
establish  priority  of  discovery.  Photographers  will  not  hesi- 
tate to  thank  the  discoverer  for  placing  within  the  reach  of  all 
a  process  as  valuable  as  it  is  simple. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  February, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   IN   FEBRUARY. 

South  Bethlehem,  Pa.,  February  1.  —  Walter  Blank,  a 
fireman  on  a  Lehigh  Valley  engine,  was  caught  between  the 
tank  of  an  engine  and  a  door-jamb  this  morning,  and  squeezed 
about  the  hips. 

Montreal,  Canada,  February  2. — Two  freight  trains  collided 
on  the  Grand  Trunk  Railroad  at  Warwick  to-day.  The  fire- 
man of  one  engine  was  seriously  injured. 

Winamac,  Ind.,  February  4.— A  freight  train  on  the  Pan 
Handle  Line  ran  into  the  rear  end  of  another  freight  on  a 
crossing  near  here  early  this  morning.  Bruce  Ide,  the  engi- 
neer, had  fallen  asleep  and  was  so  seriously  injured  that  lie 
will  die.  Fireman  Merrill  was  thrown  50  ft.,  but  not  seri- 
ously injured. 

New  York,  N.  Y.,  February  4. — Frederick  Groesbeck,  a  fire- 
man on  the  Third  Avenue  Elevated  Road,  fell  from  his  engine 
to-day.  He  was  standing  in  the  side-door  when  the  swaying 
of  the  engine  made  him  lose  his  balance.  He  fell  on  the 
middle  track,  and  received  a  scalp  wound,  and  several  bruises 
about  the  body. 

Bloomington,  111.,  February  6.— An  engine  on  the  Chicago  &, 
Alton  Road  blew  out  a  plug  from  the  boiler  head  2  miles  south 
of  Nillwood  this  afternoon.     Charles  E.   Drake,  the  fireman, 


who  was  stepping  oil  to  shovel  coal,  was  blown  out  of  the 
gangway  and  out  of  the  engine.  The  engineer,  Bob  Hawks, 
was  scalded  about  the  right  hand  and  other  portions  of  his 
body.  The  fireman,  besides  being  scalded  on  the  face,  arms, 
and  legs,  has  severe  cuts  on  the  face  received  by  falling  on  the 
ballast.     His  tongue  was  bitten  half  in  two  by  the  fall., 

Columbus,  O.,  February  6  — The  last  sleeper  on  the  vesti- 
bule on  the  Pennsylvania  Railroad  jumped  the  track  near  this 
city  to-day.  The  whole  train  was  derailed  and  the  fireman, 
James  Jenkins,  was  injured. 

Doyleston,  Pa..  February  6.— John  L.  Hogan,  traveling  en- 
gineer for  the  Philadelphia  &  Reading  Railroad  Company, 
was  struck  by  a  light  engine  while  walking  up  the  tracks  this 
morning.  He  was  picked  up  in  an  unconscious  condition, 
and  an  examination  showed  his  shoulder  to  be  dislocated  and 
his  jaw-bone  broken.  It  is  also  thought  he  was  injured  inter- 
nally. 

Burlington,  Vt.,  February  7. — A  collision  occurred  between 
a  freight  and  passenger  train  on  the  Vermont  Central  Road 
near  here  to-night.  Engineer  Soules,  of  the  freight  engine, 
saw  the  passenger  train  come  on  to  his  track  in  time  to  put  on 
the  brakes  and  jump.  He  was  hurt  about  his  knees,  although 
not  seriously.  Fireman  Mahoney.  of  the  passenger  train,  was 
slightly  hurt  on  the  side.  Fireman  James  McDougall.  of  the 
freight,  was  hurt  in  the  right  hip.  Barney  Meagan,  engineer 
of  the  passenger  train,  was  cut  over  the  eye,  side  of  the  face, 
side,  and  had  left  shoulder  hurt. 

Whiting,  Ind.,  February  9. — An  express  train  on  the  Balti- 
more &  Oliio  Road  ran  into  a  load  of  brick  standing  on  a  sid- 
ing, but  too  near  the  main  track,  at  this  point  to-day.  T.  D. 
Moore,  engineer,  was  bruised  about  the  head.  D.  W.  Linville, 
fireman,  was  hurt  about  the  shoulder. 

Lancaster,  Pa.,  February  9. — John  Hook,  fireman  on  the 
Pennsylvania  Railroad,  had  his  shoulder  wrenched  to-dav 
while  putting  in  engine  grates  which  had  fallen  out  of  place. 

New  Orleans,  La.,  February  10.  — A  collision  occurred  on 
the  Texas  &  Pacific  Railroad  this  morning  about  140  miles 
east  of  this  city.  The  engineer  of  the  east-bound  train  had 
orders  to  meet  another  train  at  Rosa.  For  some  reason  he  ran 
by  Rosa  at  full  speed  into  the  west-bound  train.  Engineer 
Penniston,  of  the  east-bound  train,  was  killed. 

Great  Bend,  Pa.,  February  10.— Moses  Conrad-,  a  fireman  on 
the  Delaware,  Lackawanna  A  Western  Railroad,  while  dump- 
ing ashes  off  an  engine,  was  struck  by  the  lever  and  very  seri- 
ously hurt. 

Philadelphia,  Pa.,  February  10.— H.  C.  Call,  an  engineer 
on  the  Philadelphia  &  Reading  Railroad,  was  leaning  out  of 
his  cab  and  was  struck  by  a  freight  car  on  an  opposite  track  in 
the  city  to-day.  He  was  so  seriously  injured  that  he  died  from 
the  effects  of  his  wounds. 

Buffalo,  X.  Y.,  February  11. — Albert  King,  an  engineer  on 
the  Lehigh  Valley  Railroad,  fell  off  his  locomotive  in  the 
yards  at  East  Buffalo  this  morning  and  broke  his  left  arm  in 
two  places. 

Fremont,  O.,  February  12.  — Two  freight  trains  on  the 
Wheeling  &  Lake  Erie  Railroad  came  into  collision  about 
_  miles  west  of  Belleville  this  morning.  Engineers  Connell 
and  Stowell  of  the  two  engines  were  killed.  Fireman  McMul- 
len,  of  one  engine,  was  also  killed.  The  blinding  snowstorm 
hid  the  signals,  which  resulted  in  the  collision. 

Temple,  Kan.,  February  12. — A  switch  engine  on  the  Atchi- 
son, Topeka  &  Santa  Ft  Railroad  exploded  its  boiler  to-day. 
Engineer  Coleman  and  Fireman  Cheatham  were  injured. 
Cheatham  was  badly  scalded,  and  had  his  right  leg  cut  off. 
There  is  no  hope  for  his  recovery. 

Los  Angeles,  Cal.,  February  16. — Train  robbers  held  up  a 
train  on  the  Southern  Pacific  Railroad  near  Roscoe  to-day. 
The  train  was  stopped  by  a  flaring  of  a  torch  showing  an  open 
switch.  The  engineer  jumped  and  ran  and  escaped  with  a 
sprained  wrist  and  some  scratches  about  the  legs.  The  loco- 
motive jumped  the  track,  and  the  fireman,  Masters,  was  pin- 
ioned in  between  the  cab  and  the  tender  and  horribly  mutilated, 
crushing  his  legs. 

Des  Moines,  ia.,  February  IT. — A  collision  occurred  between 
a  freight  train  and  a  passenger  engine  on  the  Chicago,  Rock 
Island  A  Pacific  Railroad,  near  Valley  Junction,  this  morning. 
The  engineers,  George  Lair  and  James  Wolf,  were  seriously 
injured.     Fireman  Myers  was,  it  is  thought,  fatally  hurt. 

Huron,  S.  D.,  February  19. — An  east-bound  express  on  the 
Chicago  &  Northwestern  Railway  was  thrown  from  the  track 
to-day  by  a  broken  rail.  George  Coon,  engineer,  and  James 
McNicholl,  fireman,  were  slightly  scalded. 

Hyde  Park,  .Mass.,  February  24.—  There  was  a  break  on  one 
of  the  engines  on  the  Providence  Division  of  the  New  York, 
New  Haven  vt  Hartford  Railroad  to-night,  and  the  fireman 
was  slightly  injured  by  one  of  the  flying  pi 

Kaukauna.   Wis.,   February  27.  —  An  engine  on  the  Chicago 
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&  Northwestern  Railroad  broke  a  side  rod  at  Cleveland  this 
morning,  shattering  part  of  the  cab  and  injuring  R.  R.  Pow- 
ers, fireman.  Engineer  Thomas  Gray  also  had  his  arm  injured. 
»  Bellaire,  O..  February  2*.  —  A  freight  engine  on  the  Balti- 
more <fc  Ohio  Railroad  exploded  its  boiler  at  Nuzum's  Mill?, 
\V.  Va.,  this  morning.  Engineer  Stevenson  ami  Fireman  Law 
were  terribly  injured. 

it  report  for  February,  it  will  be  seen,  includes  22  acci- 
dents, in  which  five  engineers  and  two  firemen  were  killed, 
and  13  engineers  and  IT  firemen  were  injured.  The  causes  of 
the  accidents  may  be  classified  as  follows  : 

Blowing  out  plug 1 

Boiler  explosion 9 

Broken  rail 1 

Broken  side-rod 2 

Caught  between  engine  and  tender 1 

Collision 7 

Derailments 1 

Falling  from  engine 2 

Repairing  grates 1 

-  rack  by  ash-pan  lever ] 

Struck  by  enzine 1 

~  -uck  by  obstruction 1 

Train  robbers 1 


BUILDING  STONE    FOR    ENGINEERING   STRUC- 
TURES. 


The  following  extracts  are  from  an  interesting  paper  by 
W.  B.  Buggies,  I  E..  which  will  interest  many  readers  who 
are  obliged  to  assume  the  responsibility  for  the  endurance  of 
engineering  structures  which  are  either  built  in  whole  or  in 
part,  or  rest  on  foundations  of  that  material.  The  author  of 
the  paper  says  : 

1"  The  exhibit  made  by  the  census  of  1890  shows  that  the 
value  of  building  stone  quarried  in  the  United  States  it.  - 
was  $53,000,000.  By  the  census  of  1880  it  appears  that  the 
value  of  the  corresponding  products  in  this  industry  in 
was  only  $18,000,000,  Ohio  at  that  time  ranking  first"  In  the 
exhibit  "of  the  United  States  Geological  Survey  in  the  Mines 
Building,  at  Chicago,  was  a  pyramid  showing  the  volume  of 
mineralsubstanee  produced  in  the  United  State?  every  second. 
The  greatest  is  bituminous  coal,  a  cube  4.5  ft.  each  way,  of 
limestone,  a  cube  204  ft.  on  each  line,  and  of  sandstone,  one 
of  8}  in.  on  all  lines,  were  shown.  By  the  report  of  the  Rail- 
road Commissioner  in  1891  it  is  shown  that  the  railroads  of 
Ohio  transported  3,500.000  tons  of  stone  and  similar  material 
that  vear. 


"  For  the  uses  of  an  engineer  the  hardest  stones  are  not  al- 
wavs  the  best.  The  principal  down-town  thoroughfares  of 
Cincinnati  were  paved  with  granite  from  quarries  near  Rich- 
mond, Va.,  but  it  was  thought  that  this  stone  wore  too  little, 
or  was  rather  polished  than  worn  by  the  traffic  to  which  it 
was  subjected,  and  the  intersections  of  Fourth  Street  were  re- 
laid  with  Georgia  granite,  which  subsequently  came  into  gen- 
eral use  for  tin-  -"      -      There  are  other  members  of  On   E 

who  can  give  the  merits  of  the  two  varieties.  The  pub- 
lished tests  for"crushing  strength  show  from  6*.000  to  -- 
lhs  for  2-in.  cubes  of  Richmond  granite,  and  from  77,000  to 
mire  than  85,000  lbs.  for  similar  cubes  of  Lithoni  . 
granite,  specimens  not  being  crushed  at  85,000  lbs.,  the  limit 
of  the  capacity  of  the  Navy" testing  machine  at  Washington. 
The  Lithoniais  reported  as  a  normal  granite,  composed  of 
quartz,  mica  and  feldspar,  with  a  very  low  percentage  of 
absorption  and  free  from  discoloring  matter.  In  this  connec- 
tion the  writer  wishes  to  refer  to  a  statement  made  to  him  by 
Colonel  Fladd.  then  President  of  the  Board  of  Public  Improve- 
ments at  St.  Louis,  as  to  one  result  of  tests  made  by  him  on 
blocks  of  the  Missouri  granite  from  the  Gratz  Brown  quarries. 
The  experiments  showed  that  a  wear  equal  to  that  on  the 
busiest  streets  would  not  reduce  an  ordinary  paving  block 
more  than  one-twentieth  of  its  depth  in  20  years. 

"  Of  less  interest  to  the  engineer  than  to  the  architect  are  the 
stones  of  darker  shades  thaf  come  from  remote  quarries.  It 
will  be  of  interest,  however,  to  note  that  the  Carew  Building 
is  trimmed  with  a  Lake  Superior  red  stone.  The  trimmings 
of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railroad 
Company  offices  on  Third  Street,  lately  erected,  are  of 
Virginia"  brown  stone,  the  Greenbrier  brown  stone,  which  is 
used  also  in  the  Voung  Mens  Christian  Association  Building. 
It  is  quarried  near  Hinton,  W.  Va.,  and  is  a  stone  of  attractive 
shade,  but  so  exceedingly  hard  as  to  be  expensive  to  work. 


It  is  reasonable,  however,  to  suppose  that  this  excessive  hard- 
ness gives  it  its  unusual  crushing  strength,  which  is  reported 
as  150  000  lbs.  per  square  inch.  Its  weight  is  given  as  165  lbs. 
per  cubic  foot  and  absorption  as  one-half  of  1  per  cent,  of 
weight.  The  Chamber  of  Commerce  is  built  of  granite,  some- 
times called  '  Quincy  granite,'  but  quarried  at  Worcester, 
Mass. 

"  There  is  a  Killbuck  sandstone  of  pink  and  brown  shades 
used  in  a  number  of  Cincinnati  buildings.  Of  this  a  sample 
is  shown. 

"  The  first  bridge  erected  over  the  Ohio  River  at  Cincinnati 
was  the  Supension  Bridge,  completed  in  1867.  The  piers  of 
that  structure,  begun  in  September,  1856,  are,  as  noted  above, 
built  of  Buena  Vista  freestone  backed  with  limestone  from 
North  Vernon.  In  restoring  injured  cables  Mr.  Bouscaren, 
a  member  of  this  Society,  stated  in  the  paper  which  he  pre- 
sented to  the  Society  a  year  or  more  ago.  that  much  of  this 
masonry  had  to  be  torn  away  to  provide  for  the  enlarged 
cable.  His  comment  on  the  character  of  the  masonry  is  that 
it  was  poorly  laid,  but  as  he  does  not  speak  of  any  deteriora- 
tion of  the  stone,  it  is  fair  to  presume  that  the  interior  of  the 
structure  was  in  a  tolerable  state  of  preservation.  The  height 
of  these  towers  is  330  ft.  above  low  water,  or  342  ft.  above 
timber  foundation. 

' '  The  next  bridge  constructed  was  that  known  as  the  Cin- 
cinnati and  Newport  Bridge,  in  1873.  This  was  built  largely 
of  Buena  Vista  stone  from  those  quarries,  particularly  the 
shore  piers.  The  river  piers  are  chiefly  limestone  from  quar- 
ries near  North  Vernon  and  Greensburg.  In  these  piers  this 
stone  has  shown  a  disposition  to  crack  and  check.  The  ma- 
sonry here,  however,  may  in  part  be  reconstructed  with  the 
reconstruction  of  the  bridge  proper,  the  traffic  having  out- 
grown the  capacity  of  the  whole  structure. 

"  The  third  bridge  was  that  of  the  Cincinnati  Southern  Rail- 
road, completed  about  1875.  The  piers  of  that  bridge  were 
constructed  of  stone  from  the  Holman  Indiana  quarries  on  the 
Louisville  branch  of  the  Ohio  &  Mississippi  Railroad.  The 
piers  give  no  eridence  of  failure. 

"  The  fourth  bridge  was  that  of  the  Chesapeake  &  Ohio  Rail- 
road, completed  in  1888.  It  is  built  of  Kentucky  freestone, 
probably  from  near  Morehead,  and  oolitic  stone  from  Salem, 
Ind.,  which  Mr.  W.  H.  Burr  reports  as  offering  a  compressive 
resistance  of  12.000  lbs.  per  square  inch,  and  a  ratio  of  absorp- 
tion not  exceeding  2  per  cent.  The  Kentucky  freestone  used 
in  the  piers  is  credited  with  a  resistance  of  15,000  lbs.  per 
square  inch.  The  Ohio  shore  pier  is  built  entirely  of  Ohio 
River  freestone.  The  river  piers  are  faced  with  Greensburg 
limestone  backed  with  Ohio  River  freestone. 

"The  last  bridge  completed  is  that  of  the  cantilever 
known  as  the  Central  Bridge  between  Cincinnati  and  New- 
port. The  piers  of  that  structure  of  stone  are  mainly  of 
the  Ohio  River  freestone  coped  with  Bedford  oolitic  lime- 
stone. In  the  river  piers,  however,  the  lower  courses  of  two 
are  of  Berea  sandstone,  and  of  three  of  Ohio  River  freestone 
with  concrete  backing  up  to  the  belting  course,  and  finished 
with  Ohio  River  freestone  with  a  coping  of  Bedford  lime- 
stone. The  reason  for  this  miscellaneous  construction  is  given 
Ir.  Kaufman,  in  his  paper  on  that  bridge,  as  follows  ■ 
'  Considerable  difference  of  opinion  as  to  the  reliability  of 
limestone  obtainable  in  quarries  near  Cincinnati  for  backing 
is  found  among  engineers  in  Cincinnati  ;  but  there  was  no 
time  to  investigate,  and  other  quarries  were  not  able  to  fur- 
nish it.  ThereVas  only  available  the  Bedford  stone  and  the 
Berea  stone,  and  of  these  no  guarantee  of  prompt  delivery 
could  be  made  from  the  Bedford  quarries,  hence  the  use  of 
the  Berea  sandstone.  But  in  the  absence  of  information  con- 
cerning the  comparative  elasticity  of  concrete  and  Berea  sand- 
stone, the  use  of  the  concrete  filling  was  not  permitted  in  the 
higher  piers.  It  is  thought  that  as  the  Berea  sandstone  is  com- 
paratively soft,  if  the  concrete  would  compress  more  than  the 
stone  did,  an  undesirable  strain  would  be  thrown  upon  the 
facing  course  of  sandstone. 

"  The  first  bridge  above  Cincinnati  over  the  Ohio  is  at 
Kenova.     Its  piers  are  of  Otway  stone. 

It  will  be  interesting  to  note  the  calculations  of  engi- 
neers as  to  the  amount  of  strain  that  stones  take  in  these  struc- 
tures. It  is  difficult,  from  the  report  just  quoted  on  the  Cen- 
tral Bridge,  to  determine  the  exact  weight  of  the  lower  courses 
of  the  river  piers,  owing  to  the  form  of  the  cantilever,  but  it 
is  probably  over  2,030  lbs.  per  square  foot  for  the  fifth  and 
sixth  piers*.  Mr.  Burr  states  that  the  load  for  the  pier  of  the 
Chesapeake  &  Ohio  bridge  on  the  Ohio  side  is  77,200  lbs.,  and 
on  the  Kentucky  side  81,200  lbs.  for  each  pile.  The  load  of 
the  river  pier,  Ohio  side,  is  13,000  lbs.  per  square  foot,  and  of 
the  Kentucky  River  pier  13,047  lbs.  per  square  foot.  The 
writer  is  unable  to  get  exact  figures  of  the  old  Newport  bridge. 
The  weight  coming  on  the  pedestals  under  the  ends  of  the 
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Northwestern  Railway  Club. — At  the  regular  meeting  on 
February  13,  papers  were  read  by  Mr.  George  Dickson,  of  the 
Great  Northern  Railway,  anil  Mr.  H.  L.  Preston,  of  the  Omaha 
Railway,  on  Steel  versus  Iron  Axles  for  Locomotive  and  Car 
Use.  Mr.  Dickson's  paper  took  up  the  record  of  certain  axles 
which  have  been  in  use  on  the  Great  Northern  Road  that  offered 
a  fair  basis  for  comparison,  and  was  somewhat  in  favor  of  steel 
axles  both  for  safety,  convenience,  and  cost.  In  the  discussion. 
Mr.  L.  R.  Pomery  took  the  position  that  an  alteration  of  the 
structure  of  iron  bringing  about  a  condition  similar,  if  not  ex- 
actly corresponding  to  the  crystallization,  can  be  brought 
about  by  vibration,  and  gave  examples  of  crane  chains  and 
spokes  of  certain  wrought  spoke  wheels  to  illustrate  his  posi- 
tion. Other  members  advanced  the  idea  that  a  muck  bar  axle 
is  preferable  to  one  made  from  scrap.  The  subject  for  the  next 
meeting  will  be  Brick  Arches  in  Fire-boxes,  and  Care  of  the 
Passenger  Trains'at  Terminals. 


Engineers'  Club  of  St.  Louis. —At  a  meeting  on  Feb- 
ruary 21  there  was  a  discussion  in  regard  to  the  location  of 
boulevards  in  the  central  part  of  the  city,  followed  by  a  paper 
on  the  Manchester  Ship  Canal  by  Mr.  John  Dean,  who  gave 
a  synopsis  of  the  plan  of  reorganization  and  the  work  which 
has  been  done,  and  with  which  most  of  our  readers  are  famil- 
iar. The  canal,  he  said,  is  '20  ft.  deep,  28  ft.  on  the  lock-sills, 
with  a  width  of  120  ft.  at  the  bottom  and  170  at  the  water- 
'  line.  It  is  lighted  throughout  by  electricity,  so  that  it  can  be 
used  by  night  and  day,  and  the  clearance  allowed  on  the 
bridges  is  75  ft.;  the  time  of  passage  from  six  to  seven  hours. 
At  the  meeting  of  March  7  Mr.  L.  Holman  gave  an  address 
on  the  new  St.  Louis  Water- Works,  giving  a  short  rexume  on 
the  early  historical,  with  the  present  and  future  aspects  of 
the  work.  The  first  agitation  for  water-works  in  St.  Louis 
began  in  1829,  and  they  were  built  between  18:33  and  1836 
with  a  wooden  reservoir  100  ft.  square.  The  pipes  were  all 
of  lead  and  put  in  by  the  city.  The  present  system  was  put 
into  service  in  1872,  and  there  are  now  420  miles  of  pipe  in 
the  city. 


Engineers'  Club  of  Cincinnati. — The  report  of  the  Secre- 
tary for  the  year  ending  December  21,  1893,  has  just  been 
issued,  and  contains  a  list  of  the  papers  which  have  been  read 
during  the  year,  and  which  were  as  follows  :  Country  Roads  ; 
the  Position  which  their  Improvement  should  Occupy  in  the 
Internal  Development  of  the  United  States,  M.  D.  Burke  ;  Sug- 
gestions on  the  Improvement  of  the  Miami  Canal,  Major  L. 
M.  Hosea  ;  Peculiarities  of  Numbers.  Oswald  Dietz  ;  Pro- 
posed Plan  for  Disposal  of  Overhead  Wires  in  Cities,  Colonel 
Latham  Anderson  ;  Sidewalk  Improvements  in  the  Vicinity  of 
Cincinnati,  E.  F.  Layman  ;  Underdrainage  as  a  Structural 
Feature  in  Engineering  Works,  Colonel  Latham  Anderson  ; 
Building  Stones  of  the  Vicinity  of  Cincinnati,  W.  B.  Ruggles  ; 
Ladies'  Night — Reading  of  selections  from  the  manuscript  of 
"  Blennerhassett."  Professor  W.  II.  Vcnable  ;  vocal  and  instru- 
mental music  ;  Telford  versus  Macadam — Which  was  Right.  V 
Colonel  Latham  Anderson  ;  Contractors  versus  Specifications, 
Charles  E.  Ewing  ;  Construction  of  the  Norwood  Reservoir, 
C.  N.  Miller.  Annual  Address  :  Engineering  Progress  During 
the  Past  Year,  Colonel  Latham  Anderson. 


At  a  recent  meeting  of  the  Club  Mr.  M.  I).  Burke  read  a 
paper  on  the  ship  canal  from  Cincinnati  to  Toledo,  in  which 
he  reviewed  the  question  of  the  construction  of  a  canal  of 
sufficient  dimensions  to  allow  the  passage  of  boats  and  barges 
of  large  sizes.  He  discussed  the  question  from  the  standpoint 
of  the  requirements  necessary  for  a  navigable  water-way  con- 
necting the  lakes  with  the  Ohio  River,  the  physical  conditions 
required  to  make  such  a  line  practicable,  and  the  benefits  to 
be  derived  from  its  construction. 


Civil  Engineers'  Society  of  St.  Paul. — At  a  meeting  on 
March  5  Mr.  C.  J.  A.  Morris  addressed  the  meeting  on  the  sub- 
ject of  Coal  Docks  and  Coal  Handling  Plants.  lie  illustrated 
it  by  maps,  plans,  photographs,  etc..  of  the  belt  railway  and 
coal  dock  of  the  Northwestern  Coal  Railway  Company,  which 
is  now  being  built  at  Superior.  The  tract  of  laud  which  it 
occupies  is  more  than  75  acres,  and  is  being  tilled  to  an  aver- 
age depth  of  10  ft.  It  is  bounded  by  cribs  of  12  in.  square 
timber  hemmed  in  by  a  row  of  GO  ft.  piles  driven  to  4  ft. 
centers.  The  cribs  are  22  ft.  deep,  24  ft.  wide,  and  are  sunk 
in  250  ft.  sections  with  material,  principally  sand,  which  has 
been  raised  by  a  hydraulic  dredge  that  is  capable  of  moving 
300  cub.  yds.  of  solid  matter  per  hour.     The  dredge  consists 


of  two  scows  of  51  ft.  draft  connected  by  a  huge  joint.  The 
end  of  a  20-in.  section  pipe  carrying  a  revolving  cutter,  which 
masticates  anything  in  its  way  except  solid  rock,  ranges  verti- 
cally 28  ft.  and  horizontally  80  ft.  by  the  swinging  of  the 
smaller  scow.  The  main  boat,  which  is  95  ft.  long,  is  anchored 
by  fore-and-aft  spuds.  If  the  dredge  is  swung  from  a  for- 
ward spud  a  range  of  150  ft.  is  secured.  The  400-11. P.  engine 
works  a  centrifugal  pump,  and  cutter  material  may  be  carried 
through  the  18-in.  delivery  pump  for  a  distance  of  3,500  ft. 


Engineers'  Club  of  Philadelphia. — At  a  meeting  on  March  3 
Mr.  W.  B.  Riegner  read  a  description  of  the  New  Falls  of  the 
Schuylkill  Bridge  of  the  Philadelphia  &  Reading  Railroad 
Company,  and  Mr.  John  C.  Trautwine,  Jr.,  called  the  atten- 
tion of  the  meeting  to  an  interesting  problem  which  occurred 
in  supplying  the  village  of  Frackville  from  the  Mud  Run  Res- 
ervoir in  Schuylkill  County.  The  water  was  fed  through  a 
10-in.  pipe,  for  a  distance  of  8.000  ft.,  to  locomotives  and  fire- 
plugs in  the  village.  The  fall  in  the  pipe  was  40  ft.,  and  the 
head  in  the  reservoir  20  ft.  At  the  village  this  pipe  separated 
into  two  branches  6  in.  in  diameter,  one  3.200  ft.  long,  run- 
ning to  the  'village  of  Mahanoy  Plain,  with  a  fall  of  340  ft., 
and  the  other  about  1,500  ft.  long,  running  to  the  head  house 
of  the  plain,  and  in  this  distance  first  rising  2  ft.,  then  falling 
about  10  ft.  to  the  upper  story  of  the  head  house,  and  15  ft. 
further  to  the  cellar.  The  difficulty  experienced  was  that, 
owing  to  the  much  greater  head  in  the  long  pipe,  the  valley 
at  its  end  got  all  the  water,  leaving  practically  none  for  the 
head  house  at  the  top  of  the  plain.  Mr.  H.  K.  Nichols,  Chief 
Engineer  of  the  Philadelphia  &  Reading  Railroad,  remedied 
the  trouble  by  the  simple  expedient  of  introducing  in  the  long 
pipe,  just  below  the  branch,  a  siphon  about  18J  ft.  high,  pro- 
vided at  the  top  with  a  blow-off  cock,  by  which  the  air  is 
allowed  to  escape  when  it  accumulates  in  too  great  quantities. 


New  York  Railroad  Club.  — At  the  March  meeting  two 
papers  were  read.  One  by  Mr.  West,  Superintendent  of  Mo- 
tive Power  of  the  New  York,  Ontario  &  Western  Railroad,  on 
"  What  is  an  Economical  Load  for  the  Locomotive  from  the 
Standpoint  of  the  Motive  Power  and  Transportation  Depart- 
ments '!"  and  the  other  by  Mr.  Weston.  Superintendent  of  the 
West  Shore,  on  "  From,  what  Class  of  Employes  Should  Loco- 
motive Firemen  be  Selected  ?"  It  cannot  be  said  that  anv  real 
decision  was  reached  in  the  discussion  of  either  paper.  Many 
instances  of  overloading  and  bad  practice  were  cited,  but  no 
one  offered  a  practicable  remedy.  The  second  paper  fared 
about  as  badly.  Mr.  Weston  laid  dwn  the  four  followiug 
propositions  : 

"  First  proposition  :  The  locomotive  fireman  should  invari- 
ably be  selected  from  employes  engaged  in  road  service. 

"  Second  proposition  :  Locomotive  firemen  should  be  selected 
from  among  the  men  tilling  the  position  of  head  brakeman  on 
freight  trains.  This  proposition  anticipates  that  the  position 
of  head  brakeman  on  freight  trains  shall  be  filled  by  men  who 
have  been  especially  selected  with  reference  to  their  fitness  for 
firemen,  and  that  while  they  are  filling  the  position  of  head 
brakeman  they  will  be  on  probation  or  trial  for  the  purpose  of 
ascertaining,  as  nearly  as  possible,  whether  they  are  the  right 
kind  of  timber  to  grow  up  to  be  engineers  or  not. 

"  Third  proposition  :  In  selecting  firemen  the  man's  promise 
of  becoming  a  good  runner  should  be  the  controlling  consider- 
ation, and  that  everything  else  should  be  subordinate  to  this 
essential  requisite. 

"  Fourth  proposition  :  As  a  general  rule,  the  fireman  who 
has  the  least  promise  of  becoming  a  satisfactory  engineer  is 
the  one  who  is  selected  from  the  ranks  of  the  engine  wipers." 

But  in  the  discussion  there  was  a  strong  exception  to  taking 
firemen  exclusively  from  the  ranks  of  the  head  brakemen,  and 
men  ranging  from  farmers'  boys  to  round-house  wipers  and 
helpers  were  reported  as  having  made  excellent  firemen. 


PERSONALS. 


Hi;.  W.  II.  Rosing  has  been  appointed  Master  Mechanic  of 
the  First  District.  First  Division  of  the  Denver  A  Itio  Grande 
Railroad,  with  an  office  at  Burnham,  to  take  the  place  of 
Mr.  Quimby  Lamplugh  resigned. 

M11.  Kor.i.iN  II.  Wilbur,  General  Superintendent  of  the 
Eastern  Division  of  the  Lehigh  Valley  Railroad,  has  had  his 
jurisdiction  extended  so  that  it  now  covers  the  Northern 
Division,  and  after  March  5  the  superintendents  of  the  North 
Branch.  Seneca,  Auburn  and  Buffalo  Divisions  report  to  Mr. 
Wilbur  as  General  Superintendent  at  South  Bethlehem,  Pa, 
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Congratulatory. — An  event  of  much  importance  to  a 
number  of  people  occurred  just  after  The  American  En- 
ginbeb  went  to  press  last  month.  Mr.  Clarence  B.  Howard, 
of  Xew  York,  and  Miss  Minnie  Morey,  daughter  of  .Mr.  and 
Mrs.  Franklin  Morey,  of  Denver,  were  married  in  that  city 
on  Thursday  evening,  February  22,  in  the  Twenty-third 
Avenue    Presbyterian     Church.    The    Bride    is    said    to    be 


NEW  STONE  BKEAKINU   MACHINE  FOR  ROAD-MAKING. 


beautiful  and'  accomplished,  and  interested  in  church  and 
charitable  work.  The  Groom  is  associated  with  the  Safety 
Car-Heating  and  Lighting  Company,  of  this  city,  and  holds 
a  responsible  position  and  is  well  known  to  many  of  our  read- 
ers. May  he  realize  the  truth  of  the  saying  of  the  wise  man 
from  the  East,  who  wrote  that  ''those  who  have  wives  are 
blest  with  good  fortune.  Wives  are  as  friends  who,  by  their 
kind  and  gentle  speech,  soothe  you  in  your  retirement. 
In  your  distresses  they  are  as  mothers,  and  they  are  re- 
freshment to  those  who  are  travelers  in  the  rugged  paths 
Of  life." 
May  felicity  attend  their  steps. 


Manufactures. 


A  NEW  STONE-BREAKING  MACHINE  FOR  ROAD- 
MAKING. 


The  stone  machine  illustrated  in  our  engraving  is  of  special 
interest  to  contractors,  engineers  and  others  having  to  do  with 
the  breaking  of  stone  for  macadam  and  ballast.  It  was  built 
especially  for  this  class  of  work  by  the  Farrel  Foundry  &- 
Machine  Company.  Ansonia,  Conn  ,  and  is  one  of  a  number  of 
such  machines  recently  furnished  prominent  contractors  and 
for  which  there  continues  a  general  demand.  While  it  does 
not  depart  in  its  general  construction  from  the  familiar  design 
characteristic  of  the  Blake  style  crusher,  as  long  built  by  the 
Farrel  Foundry  &  Machine  Company,  it  does  differ  essentially 
in  the  distribution  of  weight  and  material  used  in  its  manufac- 
ture. 

The  Farrel  crusher,  as  usually  built,  consists  briefly  of  a 
strong  iron  frame,  near  one  end  of  which  is  a  powerful  mova- 
ble jaw  of  iron.  By  means  of  a  toggle  joint  and  eccentric  this 
jaw  is  moved  back  and  forward  a  slight  distance  from  the 


frame.  As  the  jaw  recedes  the  opening  increases  and  the 
stone  descends  ;  as  it  approaches  the  frame  the  stone  is  crushed. 
By  an  adjustable  toggle-block  the  length  of  the  stroke  of  the 
jaw  can  be  adjusted  to  the  size  of  any  stone  or  particular  prod- 
uct, and  this  while  the  machine  is  in  motion.  The  needs  of 
contractors  for  the  class  of  work  indicated  demands  a  machine 
that  is  unusually  strong  and  substantial,  and  so  arranged  that 

the  wearing  parts 
are  easy  of  access 
and  readily  re- 
newed. It  was  to 
meet  just  such  re- 
quirements that 
the  crusher  pre- 
sented was  built, 
and  the  results 
have  proved  very 
satisfactory. 

In  this  machine 
the  pitman  and 
swing-jaw  are  of 
steel,  which  en- 
ables the  Com- 
pany to  build 
them  lighter  and 
at  the  same  time 
much  stronger 
than  would  be  pos; 
Bible  were  they 
constructed  of  cast 
iron.  -  The  swing- 
jaw  shafts  and  ec- 
centric shafts  are 
larger  than  usual, 
the  jaw-plates  are 
of  the  best  quality 
of  charcoal  iron, 
and  the  'cheeks 
and  other  wearing 
parts  are,  with  the 
exception  of  the 
plates,  of  steel. 

The  machine  is 
simple  and  post, 
tive  in  its  work- 
ing. This  ma 
chine  is  made  in 
sizes  as  follows— namely,  15  in.  X  9  in.,  20  X  10  in.,  and  3C 
in.  x  13  in.  It  is  of  interest  to  add  that  over  100  .medals 
have  [been  awarded  crushers  made  by  the  Farrel  Foundry  & 
Machine  Company  at  various  expositions. 


PETROLEUM  IN  JAVA  AND  SUMATRA. 


We  have  received  from  Mr.  William  Warren  a  communica- 
tion anent  the  Sumatra  and  Java  petroleum  wells,  in  which 
he  states  that  the  average  output  there  is  228  barrels  per  well 
per  day,  as  compared  with  241  barrels  in  Russia,  and  (up  to 
the  end  of  October,  1893)  59  barrels  per  month  in  the  United 
States,  while  in  Burma  a  well  giving  20  barrels  daily  is  con- 
sidered a  big  well.  The  amount  of  the  exports  east  of  Suez 
exceeds  20,000,000  cases  of  oil  per  annum— a  matter  of  para- 
mount importance  to  Sumatra,  as  good  oil  cannot  be  obtained 
elsewhere  in  the  Fast. 

The  Dordtsche  Petroleum  Company  of  Java  commenced 
operations  witli  a  capital  of  350,000  fr.  (£29,250),  and.  it  is 
stated,  have  since  that  date  paid  dividends  aggregating  80  per 
cent,  of  the  paid-up  capital  as  above.  At  Wonokrona,  5£ 
miles  from  Soerabaya,  a  large  oil  refinery  has  been  established 
which  gives  employment  to  about  2,000  men.  The  crude 
petroleum,  which  is  obtained  from  a  number  of  oil  wells — 
about  27— which  have  been  drilled  to  depths  varying  from 
100  to  800  ft.,  in  the  village  of  Djabakotta.  situated  about 
4  miles  from  Wonokrona,  is  conveyed  to  the  refinery  through 
a  pipe  line,  although  the  oil  is  thick  or  heavy— namely,  23° 
to  42°  Beaume,  the  warm  climate  keeping  it  fluid. 

In  another  village  (Gogoa)  are  other  oil  wells,  the  deepest  of 
which  is  that  1,850  ft.  deep,  producing  gas,  the  pressure  of 
which  is  438  lbs.  per  square  inch,  which  is  used  as  fuel  for 
boilers  and  other  purposes. 

The  Dordtsche-.Iava  Petroleum  Company,  already  men- 
tioned, is  said  to  possess  drilling  rights  in  Java  over  150,000 
bouws  (262,800  acres,  or,  say,  410  square  miles)  of  oil  lands 
there,  its  present  monthly  output  of  refined  oil  being  45,000 
cases,  which  it  is  expected  will  be  doubled  in  a  very^short 
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time.  _  Other  petroleum  concessions  have  been"taken  up  and 
are  being  worked  in  Java,  as  at  Gunong  Sarie.  the  riirhls  of 
which  have  been  secured  by  a  Chinese  familv,  Tuan  Lok.  who 
are  working  it  with  a  capital  of  300,000  fr."  |  £35,000),  the  en- 
tire interests  of  which,  however,  are  now  said  to  be  taken  over 
by  a  large  Chinese  company  with  a  capital  of  4,000,000  fr. 
(£333,330).  The  area  of  the  concession  held  by  this  company 
is  given  as  250  bouws  (438  acres,  or,  say,  seven-tenths  of  a 
square  mile).  The  depth  of  their  "wells  varies  from  75  to 
350  ft.;  one  of  the  shallowest,  onlv  75  ft.  deep,  gives  396,000 
liters  (or.  say.  11.000  cases)  of  oil  daily,  the  densitv  of  which, 
as  crude,  is  17;  Beaume,  the  wells  being  drilled  at  a  cost  of 


Langkat  being,  apparentlv,  such  as  to  make  it  more  than  ever 
regrettable,  from  a  British  point  of  view,  that  Lord  Castlerea^h 
should  have  bungled  these  rich  islands  out  of  the  hands  of  the 
British  into  the  hands  of  the  more  fortunate  and  successful 
Dutch.  —  Comma 


FAY'S  ENGINE  VALVE. 


Mr.  Hen-rv  R.  Fat,  of  8  Exchange  Place.  Boston.  Mass., 
has  recently  brought  out  a  modification  of  the  ordinary  D  slide- 
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2  fr.  (say,  1*.  84)  per  foot  for  the  first  150  ft.  of  depth.  -This 
Company,  which  is  in  active  operation,  has  so  far  produced 
only  an  inferior  product,  for  want  of  suitable  new  plant,  some 
of  which  has  now  been  ordered  from  Germany,  of  a  monthly 
capacity  of  1,000,000  liters,  or,  say,  1,000  cases  dailv.  Some 
12  wells  are  about  to  be  drilled  at"  several  other  places  in  this 
oil-bearing  district,  for  which  concessions  have  been  granted 
and  syndicates  formed,  as  at  Pasoeroen,  Kedir.  Toeban,  and 
Rembang  in  Banjoewangie,  Madura  Island,  etc. 

The  chief  merit  of  the  Java  crude  petroleum  consists  in  the 
great  value,  both  of  the  fair  proportion  of  kerosenes,  but  espe- 
cially of  the  unusually  large  proportion  of  valuable  by-prod- 
ucts as  lubricating  oils  and  paraffins,  differing  very  consider- 
ably from  the  Langkat  petroleums  obtained  in  the  neighboring 
island  of  Sumatra,  these  latter  yielding  about  double~the  pro°- 
portion  of  kerosenes  and  corresponding-  less  paraffins.  The 
Royal  Netherlands  India  Petroleum  Companv  of  Sumatra  is 
at  present  producing  about  1,600  cases  of  refined  oil  daily 
from  three  wells  only— the  promise  of  a  large  oil  field  in 


valve  that  serves  to  reduce  the  compression  in  locomotive  cyl- 
inders. Its  chief  value  is  to  be  found  when  the  en- 
gine is  running  at  high  speeds  and  the  compression 
is  excessive.  It  can  be  applied  to  any  engine  by 
drilling  holes  at  the  end  of  the  bridge",  at  such  an 
angle  from  the  valve-seat  to  the  bore  of  the  cylinder 
that  the  piston  packing  will  reach  the  first'of  the 
holes  when  a  groove  cut  in  the  face  of  the  valve, 
and  extending  across  from  one  hole  to  the  mate  at 
the  opposite  end  opens  into  the  admission  port  after 
cutting  off.  In  the  applications  that  have  thus  far 
been  made,  these  holes  have  been  f  in.  in  diameter, 
sufficient  stock  being  left  between  the  hole  and  ex- 
haust to  cover  the  groove  in  the  valve.  Each  of 
the  grooves  in  the  valve  is  provided  with  two  end 
cavities  in  the  side  of  the  valve,  which  are  cut  so  as 
to  reach  the  extra  cylinder  ports  when  exhaust  takes 
place  on  the  opposite  end.  A  communication  is 
thereby  opened  with  the  other  end  of  the  cylinder, 
allowing  the  compression  to  pass  around  the  piston 
to  the  other  end  of  the  cylinder  and  exhaust. 

The  valves  have  been  placed  on  a  number  of  en- 
gines on  the  Boston  it  Albany  Railroad,  and  a  test 
was' recently  made  with  one  of  them  for  the  pur- 
pose of  determining  the  difference  in  back  pressure 
between  engines  using  the  Fay  valve  and  those  with 
the  ordinary  valve.  The  general  dimensions  of  the 
engine  were  : 

Diameter  of  cylinder IS    in. 

Stroke  of  piston 22    in." 

Diameter  of  drivinar-wheels. . .  684  in. 

Total  wei  dit  of  engine 90,800  lbs.  i 

Steam  ports 14f  in.  X  1    in. 

Exhaust-ports 14f  in.  X  2}  in. 

Valve  travel 4$  in. 

Outside  lap 4,  in. 

Inside  lap 0    in. 

Working  pressure 160  lbs. 

On  February  7  the  test  was  with  the  Fay  valve, 
the  mean  temperature  34°  F.,  and  the  wind  south- 
west, blowing  from  15  to  20  miles  per  hour.  The 
rails  were  frosty  and  the  train  consisted  of  one  bag- 
gage car.  one  smoking-car,  two  passenger  coaches, 
and  two  12  wheeled  drawing-room  coaches.  Weight 
of  engine  and  tender  loaded,  SO  tons.  Estimated 
weight  of  train,  248  tons. 

On  February  8,  with  a  temperature  of  41°  F. 
and  the  same  wind,  the  ordinary  valve  was  tried. 
The  rails  were  wet  (rain  during  the  night'of  the 
7th  I,  and  the  train  consisted  of  one  baggage-car, 
one  smoking-car,  two  passenger  coaches,  and  two 
eight-wheeled  drawing-room  coaches.  Estimated 
weight  of  train.  250  tons. 

The  train  each  day  was  the  regular  New  York 

express  (schedule  train  No.  63),  leaving  Boston  at 

9  a.m.;  due  at  Springfield  at  11.50  A.M. 

The  indicator  was  applied  to  the  left-hand  cylinder  only, 

using  a  Crosby  three-way  cock  with  §  in.  pipe*  connections. 

During  the  tests  every  effort  was  made  to  permit  the  taking 

of  duplicate  indicator  cards.     All  engine  data  (speed,  boiler 

pressure,  and  cut-off)  was  taken  to  Mr  T.  Purvis,  Jr.'.  Division 

Master  Mechanic  of  the  Boston  &  Albany  Railroad,  and  as  a 

result  of  his  efforts  and  of  the  skill  of  the  engineer  of  engine 

Xo.  173.  the  sets  of  diagrams  shown  in  the  table  were  produced 

under  nearlv  the  same  conditions. 

During  the  night  'of  the  7th  the  steam-chest  cover  of  the 
left-hand  cylinder  was  removed  and  the  four  extra  cylinder 
ports,  each  |  in.  in  diameter,  were  screw-plugged,  thereby 
making  the  left-hand  cylinder  the  same  as  it  was  before  the 
application  of  the  Fay  valve.  In  each  test  the  same  valve  was 
used,  without  change,  on  the  left-hand  cylinder. 

It  is  claimed  that  a  comparison  of  the  indicator  cards  given 
in  the  accompanying  engraving  shows  the  counter  pressure 
to  have  been  increased  29.2  per  cent.,  or  the  average  com- 
pression, including  preadmission,  was  increased  24.2  per  cent., 
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and  the  average  back  pressure  increased  38  per  cent,  with  the 
ordinary  valve  over  the  Fay  valve,  this  taking  the  atmospheric 
line  as  a  base. 


TRIMMING  PRESS  FOR  DROP  FORGINGS. 


This  cut  represents  a  press  of  late  design  brought  out  by 
the  E.  W.  Bliss  Company,  and  it  is  intended  for  use  in  the 
forge  shop  where  hot  metal  is  to  be  trimmed.  It  was  the  in- 
tention of  the  designers  to  build  a  press  that  would  meet  as 
Dearly  as  possible  all  the  requirements  for  which  a  press  of 
this  class  of  work  can  be  used.  The  press  is  fitted  with  the 
well-known  Bliss  clutch  and  a  patented  adjustment  in  the 
slide,  and  has  a  supplementary  slide  in  the  side  of  its  frame 
to  be  used  in  cutting  off  the"  work  from  the  bar  after  it  is 
forged  and  trimmed.  This  is  considered  a  new  feature  in  a 
press  of  this  kind,  and  will  be  at  once  appreciated  by  persons 
using  such  machines.  The  construction  of  the  machine  is 
very  strong,  and  every  detail  has  been  carefully  studied. 
These  presses  are  built  in  several  sizes  and  are  usually  made 
with  By-wheels,  as  forgings  are  usually  required  to  be  trimmed 
very  quickly  and  a  high-speed  machine  becomes  necessary. 
This  cut  represents  a  press  which  has  a  4-in.  stroke,  4-in.  ad- 
justment, and  is  15  in.  from  bed  to  end  of  slide  when  up  ;  dis- 
tance between  uprights  is  22  in.  This  machine  carries  a 
908-lb.  fly-wheel,  the  total  weight  being  5,500  lbs.  The  dimen- 
sions can  be  modified  to  suit  special  requirements  if  it  is  neces- 
sary.    These  presses  can  also  be  geared  for  cold  trimming. 


A  SOLID  ROCK  DREDGER 


TirE  great  increase  in  size  and  draft  of  steamships  of  late 
years  has  rendered  it  necessary  to  deepen  and  otherwise  en- 
large the  channels  leading  to  many  of  the  great  harbors  and 
docks  of  the  world.  In  a  number  of  instances  the  much- 
needed  work  has  been  delayed  because,  the  entrance-way  being 
formed  through  rock,  the  enlargement  has  had  to  be  effected 
by  the  slow  and  costly  process  of  first  loosening  the  rock  by 
blasting  and  afterward  dredging  up  the  spoil,  the  difficulties 
being  greatly  increased  when  the  entrance  was  situated  in  an 
open  sea  wav.  The  tendency  of  recent  practice  has,  therefore, 
been  to  construct  the  dredger  of  such  strength  and  power  as 
to  enable  it  to  cut  its  way  through  the  solid  rock  without  the 
preliminary  operation  of  blasting.  The  latest  instance  of  this 
method  of  procedure  is  afforded  by  the  new  channel  leading 
tn  the  harbor  of  Alexandria,  which  had  to  be  excavated  for  a 
width  of  :i00  ft.  through  a  series  of  ridges  of  solid  rock  extend- 
ing for  about  a  mile  in  an  open  sea  wav.  The  prevalence  of 
a  heavy  swell  greatly  added  to  the  difficulties  of  the  work, 
which,  however,  was  accomplished  practically  without  the 
use  of  explosives,  and  constitutes  a  unique  example  of  rock- 
dredging.  The  work  was  executed  by  Messrs.  S.  Pearson  & 
Bon,  of  Westminster,  who  afterward  disposed  of  the  dredger 
to  the  Government.  Having,  however,  taken  a  contract  for 
excavating  a  channel  through  the  rock  at  Bermuda  for  the 
Colonial  Government,  the  firm  have  had  a  new  and  very  pow- 
erful steam  dredger  designed,  which  embodies  various  im- 
provements suggested  by  their  experience  at  Alexandria  and 
elsewhere. 

This  is  an  800-ton  hopper  dredger,  and  is  being  built  and 
engined  by  Messrs.  I.nlmitz  &  Co.,  of  Renfrew,  at  whose 
works  we  recently  inspected  the  vessel.  She  is  208  ft.  long 
over  all,  with  a  breadth  of  41)  ft.,  a  depth  of  17  ft.  '.',  in.,  and  a 
displacement" when  loaded  of  2.200  tons.  She  is  entirely  steel 
built,  and  will  be  capable  of  steaming  to  any  part  of  the  world 
at  a  speed  of  7  knots.  She  will  be  propelled  by  twin  screws, 
driven  by  independent  triple-expansion  engines  of  800  H.P. 
The  dredging  Lrear.  ladder,  and  bucket  chain  are  probably  the 
strongest  ever  made  ;  they  are  of  steel  and  weigh  together 
about  loo  tons.  The  bucket  chain  will  be  driven  by  an  inde- 
pendent compound  surface-condensing  engine  of  special  con- 
struction with  16-in.  and  80-in.  cylinders  respectively  and  a 
2-ft.  stroke,  and  working  at  100  lbs  pressure.  Steam  for  the 
engines  will  lie  provided  bv  two  cylindrical  steel  boilers  of  the 
return  tubular  type  of  1,000  II. P.  combined.     They  are  ar- 


ranged independently,  so  that  one  can^bc  cleaned  out  while 
the  other  is  in  use  for  dredging.  For  ordinary  service  the 
vessel  will  carry  100  tons  of  coal,  while  for  long  voyages  she 
can  take  in  600  tons.  All  the  dredging-gear  will  have  such 
an  excess  of  strength  that  it  will  pull  up  the  engine  if  any  im- 
pediment is  met  with  in  working,  and  a  breakdown  will  thus 
be  avoided.  The  bucket  ladder  is  fitted  with  10  powerful 
buffer  springs,  which  will  cushion  any  shocks  that  may  be 
experienced  when  the  dredger  is  working  in  a  sea-swell.     By  an 
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interchange  of  wheels  dredging  can  be  affected  at  three  differ- 
ent speeds,  to  suit  the  degree  of  hardness  of  the  materials  met 
with.  The  vessel  will  dredge  to  a  depth  of  45  ft.  below  water 
level,  and  she  will  be  able  to  cut  "  her  own  flotation" — that 
is,  she  will  cut  her  way  through  a  bank  above  water  level. 
The  dredged  material  will  be  delivered  by  the  buckets  through 
shoots  into  steel  hoppers  on  either  side  of  the  vessel,  each  of 
which  is  capable  of  containing  7,000  cub.  ft.  of  spoil,  or  it 
may  be  delivered  into  barges  alongside,  by  altering  the  shoots. 
The  vessel  will  also  carry  a  special  rock  cutter  for,  use  in  cases 
where  the  rock  may  prove  exceptionally  hard.  She  is  like- 
wise arranged  for  dredging  in  soft  ground,  and  when  cutting 
a  channel  such  as  a  canal  she  will  deliver  the  dredged  mate- 
rials on  to  the  shore  on  either  side. 

The  dredger  is  tilted  with  steam-steering  gear,  which  can 
be  worked  from  both  of  her  bridges.  A  titan  steam  crane  will 
be  mounted  on  deck  for  moving  any  of  the  heavy  parts  for 
examination  or  repair,  and  there  will  be  a  set  of  artificers'  shops, 
so  that  all  ordinary  and  even  heavy  repairs  can  be  executed  on 
board.  The  vessel  will  be  lighted  throughout  by  electricity, 
and  will  carry  a  search  light.  Ample  accommodation  is  pro- 
vided for  the  officers  and  crew,  and,  in  addition  to  the  usual 
boat  equipment,  she  will  carry  a  large  steam  launch  as  a  ten- 
der. This  dredger,  which  is  {lie  strongest  and  most  powerful 
ever  constructed,  is  being  built  to  Lloyd's  and  the  Board  of 
Trade  requirements  as  a  sea  going  vessel,  and  will  be  launi  bed 
about  tin-  beginning  of  February, — London  Times. 
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EDITORIAL   NOTES. 


The  Brazilian  rebellion  is  at  an  end  ;  and  there  seems  to  be 
no  reasonable  doubt  but  that  the  great  and  formidable  Aquida* 
ban  has  succumbed  to  the  attack  of  a  torpedo  boat  that  came 
out  of  the  fight  unharmed.  The  vessel  was  all  right  as  long 
as  shots  came  through  the  air,  and  she  passed  to  and  fro  before 
the  forts  in  Rio  Janeiro  harbor  with  impunity  ;  but  the  under- 
water attacks  were  too  much  for  her,  and  down  she  went. 
This  is  what  we  all  thought  and  figured  upon,  and  little  has 
been  learned  ;  but  how  about  the  efficiency  of  the  Nictheroy? 
We  must  once  more  re-echo  our  regret  that  she  could  not  have 
had  a  finger  in  the  pie  and  at  least  fired  one  shot  just  to  show 
whether  the  dynamite  gun  was  a  real  weapon  or  a  scarecrow. 


The  question,  "  What  are  we  coming  to  ?"  may  well  be 
asked  regarding  the  criticisms  now  being  heaped  upon  the 
navies  of  the  world.  Commencing  with  the  nautical  opera  of 
"  H.  M.  S.  Pinafore,"  we  have  had  one  long  series  of  ridicule 
and  adverse  scientific  criticism  of  the  British  Xavy,  culminat- 
ing in  the  "  Cruise  of  the  Mary  Rose"  and  the  topical  songs 
of  the  London  music  halls.  Then  comes  the  latest  shock  of 
all  in  the  scathing  criticisms  of  the  committee  of  the  French 
Chamber  of  Deputies  on  the  navy  of  France,  of  which  the 
English  critics  have  spoken  so  highly.  At  home  we  have 
received  a  rap  on  the  knuckles  in  the  examination  of  the  Ma- 
Chios  and  Castine,  but  are  assured  that  everything  else  is  all 
right.     Let  us  hope  that  it  is. 

The  discussion  by  the  members  of  the  American  Society  of 
Mechanical  Engineers,  published  in  another  column,  purports 
to  bring  out  the  fact  that  we  really  know  very  little  about  the 
behavior  of  materials  below  the  elastic  limit  within  the  range 
of  those  strains  which  are  employed  in  machinery  and  struc- 


tures, as  evidenced  by  the  high  factor  of  safety  or  "  factor  of 
ignorance,"  as  one  speaker  put  it.  Would  it  not  be  just  as 
proper  to  say  that  we  do  not  know  the  strains  to  which  a  ma. 
chine  doing  a  given  piece  of  work  is  subjected,  and  therefore 
cannot  calculate  the  strength  required  of  the  material  ?  Who, 
for  example,  can  calculate  the  strains  on  the  various  parts  of 
a  steam  excavator  working  in  any  soil  ?  or  who  figures  closely 
on  the  stresses  applied  to  the  various  parts  of  a  locomotive 
running  at  high  speed  over  a  crooked  track  ?  Twelve  to  one 
should  give  a  fair  margin  of  safety  ;  but  even  with  this  we  do 
occasionally  hear  of  rods  and  frames  breaking.  Taking  our 
ignorance  of  the  behavior  of  metals  and  then  squaring  it  by 
our  ignorance  of  the  stresses  we  are  applying  to  it,  we  cer. 
tainly  do  have  a  pretty  heap  of  ignorance  to  compare  with 
what  we  really  know. 


WATER-TUBE  BOILERS. 


There  is  probably  no  subject  of  more  general  interest  to 
mechanical  engineers,  and  about  which  there  is  such  a  di- 
versity of  opinion,  as  there  is  about  the  merits  and  demerits 
of  water-tube  boilers.  At  the  recent  meeting  of  the  British 
Institution  of  Naval  Architects  a  number  of  elaborate  papers 
and  much  discussion  was  devoted  to  water-tube  boilers,  and  re- 
vealed, what  was  known  before,  that  persons  with  opportunities 
for  getting  information  with  reference  thereto  held  very  diverse 
and  contradictory  opinions.  At  this  meeting,  in  one  of  the  pa- 
pers—by Mr.  Howden— the  author  went  on  to  record  the  various 
failures  of  water-tube  boilers  at  sea — much  more  numerous 
than  is  generally  known — and  then  proceeded  to  dwell  on  the 
merits  of  the  cylindrical  boiler."  This  form  of  boiler,  the 
author  said,  "  has  been  used  for  thirty  years  of  uniform,  unri- 
valled and  continuing  success,  for  every  usable  or  practicable 
steam  pressure  yet  required  in  sea-going  steamers,  and  is  still 
rising  in  efficiency,  and  was  introduced  on  account  of  the  fail- 
ure of  the  water-tube,  sectional  and  all  other  forms  and  types 
of  boilers  to  supply  sea-going  steamers  with  high-pressure 
steam  safely,  easily  and  economically." 

The  writer  of  that  paper  then  went  on  to  compare  the  power, 
weight  and  space  occupied  by  Belleville  water-tube  boilers  in 
the  steamers  Polynesian  and  Armand  Behia  with  the  same 
function  and  features  of  cylindrical  boilers  capable  of  working 
continuously  at  the  highest  power  attained  by  the  Belleville 
boilers.  These  latter,  we  are  told,  on  Irial  attained  S,000  in- 
dicated H.P.,  while  their  average  working  power  at  sea  was 
5,000  indicated  II. P.  They  occupied  980  sq.  ft.  of  floor  space 
in  the  ship,  and  weighed,  including  water  and  all  mountings 
and  funnel,  3S0  tons.  These  particulars  were  then  compared 
with  those  of  cylindrical  boilers  capable  of  working  continu- 
ously at  the  highest  power  attained  by  the  Belleville  boilers 
on  trial— that  is,  8,000  indicated  H.P. — and  also  of  working 
with  ease  and  economy  at  the  sea  power  of  5,000  indicated 
H.P.,  but  which  cab  be  worked  as  high  as  6,000  indicated 
H.P.  when  required.  They  occupied  877.5  sq.  ft.  of  floor 
space,  or  102.5  sq.  ft.  less  than  the  Belleville  boilers.  The 
weight  of  the  cylindrical  boilers,  including  the  fans  and  en- 
gines and  all  forced  draft  apparatus,  water,  funnel,  and 
all  mountings,  as  in  the  water-tube  installation,  was  361  tons, 
or  19  tons  less  than  the  Belleville  boilers.  The  author  of  the 
paper  pointed  out  that  the  quantity  of  water  in  the  latter 
would  probably  not  be  more  than  one-third  of  that  in  the  cylin- 
drical boiler.  He  then  criticised  the  feed-water  arrangements 
and  said  :  "  These  twenty  water-tube  boilers  would  require  for 
continuous  work  at  sea  20  men  constantly  engaged  in  regulat- 
ing the  feed  supply  ;  and  even  then  the  feed-water  and  steam 
pressure,  and  consequently  the  revolutions  of  the  engines, 
would  fluctuate  greatly— a  most  objectionable  result.  The 
two  cylindrical  boilers,  on  the  contrary,  would  only  require  the 
occasional  attention  of  the  engineer  of  the  watch  iu  the  charge 


i94 


THE    AMERICAN    ENGINEER 


[May,  1S94. 


of  the  machinery  generally  or  his  assistant.  The  large  quan- 
tity of  water  acts  as  a  storage  of  power,  like  the  fly-wheel  of 
an  engine,  and  prevents  rapid  fluctuations,  and  gives  ample 
time  to  call  into  action  the  reserve-feed  pumps,  or  take  other 
accessary  precautions  should  any  accident  happen  to  the  ordi- 
nary supply." 

On  the  other  side  of  the  question,  Mr.  Thorneycroft,  of  tor- 
pedo-boat fame,  read  a  paper  in  which  he  compared  the  water- 
tube  boilers  of  his  construction,  which  have  bee'n  put  into  the 
third-class  cruiser  Geiser,  with  locomotive  boilers  which  were 
put  into  the  sister  ship  Hecla.  "  Inthecaseof  the  Geiser,"  he 
says,  "  an  equal  power  was  given  to  that  obtained  in  the  sister 
ship  H-cla  with  locomotive  boilers,  but  villi  a  reduction  of 
gome  sixty  tons."  He  then  went  on  to  call  attention  to  what 
his  firm  undertook  to  do  in  the  case  of  the  Speedy.  In  this 
vessel  they  had  guaranteed  to  give  1.000  more  H  P.  than  with 
the  locomotive  boilers  in  sister  vessels,  "  and  tcith  a  consider- 
able less  weight  of  boilers."  A  tabular  statement  is  then  given 
from  which  the  following  data  are  taken  :  Indicated  H.P.  of 
locomotive  boilers,  3,500  ;  weight  of  boilers  and  mountings, 
dry,  82  tons  ;  weight  of  water  in  boilers,  30  tons  :  total,  112 
tons.  Indicated  H.P.  of  Thorneycroft  water  tube  boilers, 
4,500  ;  weight  of  boilers  and  mountings,  dry,  79.74  tons  ; 
weight  of  water  in  boilers.  12.7s  tons  ;  total,  92.52  tons.  The 
total  weight  per  H.P.  of  the  locomotive  boilers  is  thus  71.6 
lbs.  and  of  the  water-tube  boilers,  46  lbs.  The  quantity  of 
water  in  the  boilers  was,  however,  only  6.36  lbs.  in  the 
Thorneycroft  boilers  and  19.2  lbs.  in  the  others.  It  is,  Ihere- 
f .  ire.  perhaps  not  remarkable  that,  as  Air.  Thornej-crof t  says, 
there  was  some  difficulty  encountered  in  feeding  these  boilers 
with  sufficient  regularity.  Continuing,  he  said  that  "  the 
system  of  feeding  which  was  employed,  and  which  was  perfect- 
ly efficient  for  boilers  holding  large  volumes  of  water,  seems  to 
require  some  modifications  in  the  case  of  water-tube  boilers, 
where  the  water  contained  is  relatively  very  small  for  the  rate 
of  evaporation  ;  and  he  had  come  to  the  conclusion  that  some 
form  of  automatic  control  is  desirable."  He  also  admitted 
that  small  quantities  of  grease  in  the  boiler  had  disastrous 
effects.  This  admission  of  Mr.  Thorneycroft  would  seem  to 
be  in  a  measure  confirmatory  of  the  charges  of  Mr.  Howden  ; 
but  to  add  to  the  doubt  which  any  one  seeking  information  on 
this  subject  must  feel  with  reference  to  the  whole  subject, 
another  speaker,  Mr.  Saxton.  of  Messrs.  Maudslay,  who  took 
part  in  the  succeeding  discussion,  commenting  on  that 
portion  of  Mr.  Howden's  paper  in  which  it  was  asserted  that 
20  boilers  would  require  20  water  tenders,  said  :  "He 
had  some  experience  in  the  French  mail  steamer  Normandie, 
fitted  with  Belleville  boilers.  In  the  Nonnandie  one  man 
did  the  work  of  Mr.  Howden's  20,  and  he  was  an  Arab. 
As  a  matter  of  fact,  the  boilers  had  an  automatic  feed, 
which  took  care  of  itself  ;  but  if  it  did  not,  it  made  very  Utile 
difference  to  the  boilers.  The  last  thing  the  engineers  in  the 
ship  thought  about  was  the  water  level.  Many  of  the  boilers 
in  the  ship  bad  no  glasses  in  the  gauge  fittings.  In  testing  a 
Russian  ship  with  a  Belleville  boiler,  the  gauge  glasses  broke 
early  in  the  day  ;  he  wanted  them  replaced  at  once  ;  but  the 
engineer  in  charge  only  laughed,  and  a  highly  successful  trial 
was  made  without  them." 

Mr.  Yarrow  also  read  a  paper  on  this  subject,  in  which  he 
said  that  "  In  II.  M.  S.  Havock  they  adopted  two  locomotive 
boilers,  and  indicated  on  trial  about  3,500  H.P.  with  an  air 
pressure  of  3  in.  In  the  Hornet,  which  is  a  sister  ship,  pro- 
vided with  similar  engines  and  fitted  with  eight  water  tube 
boilers,  as  previously  described,  they  obtained  with  a  very  low 
air  pressure,  averaging  1£  in.,  4,300  H.P.  The  eight  boilers 
in  the  Hornet  weighed  11  tons  less  than  the  locomotive  boilers  in 
the  Hatock.  They  had  every  reason  to  fear,  from  what  they 
were  told,  that  trouble  would  be  experienced  in  working  this 
group  of  small,  rapidly  evaporating  boilers  in  the  Hornet ; 


but,  as  a  matter  of  fact,  they  had  experienced  no  difficulty 
whatever,  the  feed  being  arranged  in,  as  it  were,  two  stages. 
The  feed  pumps  on  the  engines  take  their  suction  from  the 
hot  well,  and  deliver  into  a  reservoir  at  50  lbs.  pressure,  and 
from  this  the  donkeys  take  their  suction,  each  boiler  being 
provided  with  an  independent  pump." 

The  discussion  at  the  meeting,  from  the  proceedings  *  of 
which  we  have  quoted  so  liberally,  indicati  s  very  distinctly  that 
the  water-tube  boiler  has  come  to  stay.  It  has  had  a  struggle 
for  existence  during  its  infancy,  and  the  evolutionary  process 
of  the  survival  of  the  fittest  is  not  yet  ended  ;  but  the  young 
leviathan  is  now  too  vigorous  and  is  capable  of  doing  so  much 
good  work  that  there  is  no  probability  that  its  kind  will  ever 
become  extinct. 

The  makers  and  inventors  of  water-tube  boilers  apparently 
do  not  realize  at  its  true  value  the  importance  of  having  a  large 
volume  of  water  relatively  to  the  working  capacity  of  the  boil- 
er. This  has  been  demonstrated  a  thousand  times  in  locomo- 
tive practice.  As  every  one  knows,  the  first  locomotives  were 
small,  insignificant  machines  of  a  few  tons'  weight.  Their 
size  has  been  constantly  increased  until  now  we  have  the  mag- 
nificent structures  which  weigh  many  tons  instead  of  a  few. 
During  this  process  of  growth  the  little  machines  have  been 
constantly  obliged  to  do  more  work  than  they  were  designed 
for,  and  their  boilers  have  had  to  be  forced  to  their  utmost 
capacity.  Now  it  has  been  a  very  common  experience  that 
boilers  with  a  small  water  capacity  always  work  unsatisfactorily 
when  forced  to  do  their  utmost.  As  Mr.  Howden  pointed  out, 
"  the  large  quantity  of  water  acts  as  a  storage  of  power,  like 
the  fly-wheel  of  an  engine,  and  prevents  rapid  fluctuations." 

Some  experience  twenty-five  years  ago  illustrated  this.  As 
all  the  participants  in  that  experience  are  now  dead  excepting 
the  writer,  there  is  no  impropriety  in  mentioning  names.  The 
Grant  Locomotive  Works,  then  located  at  Paterson,  X.  J., 
built  some  American  type  of  locomotives  for  the  Chicago, 
Burlington  &  Quincy  Railroad,  which  had  what  are  called 
straight-top  boilers  with  barrels  whose  dimensions  are  now 
forgotten,  but  which  were  comparatively  small.  These  en- 
gines were  sent  to  Illinois  and  put  on  the  road,  and  the  Super- 
intendent of  Motive  Power  reported  that  they  would  not  do 
the  work  they  were  intended  for.  The  writer  was  sent  out  to 
investigate,  and,  if  need  be,  subject  them  to  a  test.  Mr. 
C.  F.  Jauriet  was  then  at  the  head  of  the  Machinery  Depart- 
ment of  that  road.  He  referred  to  some  engines  which  he  had 
built  and  altered,  and  which,  he  said,  were  doing  more  work  than 
those  from  the  Grant  Works.  It  was  finally  agreed  to  make  a 
test  of  the  two  classes  of  engines.  This  was  done  on  freight 
trains  between  Chicago  and  Aurora,  111.,  with  the  result  that 
the  Grant  engines  were  badly  beaten.  The  facts  were, 
though,  that  the  Jauriet  engines  had  boilers  of  considerably 
larger  diameter  and  had  a  high  "  wagon-top"  over  the  fire- 
box, which  was  widened  out,  thus  giving  considerably  more 
water  capacity  both  in  the  barrel  and  around  the  fire-box.  As 
Jauriet  expressed  it,  this  enabled  him  to  "  bottle  up  the 
power."  In  the  Grant  engines  great  care  had  to  be  taken  in 
carrying  water,  otherwise  the  boiler  would  "  work  water," 
whereas  the  other  boiler  could  be  pumped  up  so  as  to  nearly 
fill  the  barrel,  the  wagon-top  giving  ample  steam  space.  The 
engineers  of  these  engines  were  not  slow  to  avail  themselves 
of  this  advantage,  and  on  approaching  the  grades,  which 
abound  between  Chicago  and  Aurora,  would  till  the  boiler  as 
full  as  they  could,  fire  up  and  get  it  hot,  and  at  the  critical 
point,  with  a  heavy  train,  if  there  was  danger  of  losing  steam, 
would  shut  off  the  feed  and  work  over  the  hard  place  with 
their  "  bottled-up"  reserve  power,  whereas  the  Grant  engine 
had  no  such  reserve  to  fall  back  ou  if  the  boiler  did  not  make 
enough  steam. 

It  is  true  that  a  marine  boiler  does  not  work  under  condi- 
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tions  which  vary  within  such  wide  limits  as  a  locomotive 
boiler  must,  but  the  disturbing  influence  of  the  rolling  and 
pitching  of  a  ship  is  greater  than  the  motion  of  a  locomotive, 
and  "  bottled-up"  power  is  always  a  good  thing  to  have  at 
sea  and  on  a  railroad  and  elsewhere. 

If  at  the  discussion  at  the  Mechanical  Engineers  meeting  on 
the  9th  the  data  could  be  submitted,  from  which  a  comparison 
would  be  possible,  of  the  water  capacity  of  different  classes  of 
locomotive,  cylindrical  and  water-tube  boilers  relatively  to 
their  H.P.,  it  would  be  both  interesting  and  instructive. 


NEW   PUBLICATIONS. 


Peck's  Export  Purchase  Index.  The  first  number  of 
this  publication,  dated  April  1,  has  been  received.  It  con- 
tains 126  pp.  9i  X  13  in.,  printed  on  coated  paper  with  ex- 
cellent typography  and  good  taste.  Its  scope  is  stated  to  be 
that  of  a  "  trade  exponent,  covering  the  entire  field  of  United 
States  exports."  It  is  proposed  to  give:  1.  A  list  of  manu- 
facturers whose  goods  are  indorsed  as  satisfactory  to  foreign 
trade.  2.  An  educational  department,  written  by  resident 
agents  and  commercial  travelers  in  foreign  countries.  3.  Illus- 
trations and  descriptions  of  materials  used  in  construction, 
with  extracts  from  manufacturers'  catalogues.  These  de- 
departments  will  be  supplemented  by  the  "  confidential  dis- 
counts" of  the  publishers,  which  will  be  "  followed  Up  with 
active  and  energetic  solicitation  on  the  part  of  the  publishers, 
resident  agents  and  foreign  salesmen." 

The  publication  is  apparently  intended  to  be  the  "  organ" 
of  Messrs.  William  E.  Peck  &  Co.,  exporters,  of  New  York. 


Surveying   and   Surveying   Instruments.     By  G.  A.  T. 

Middleton.     Macmillan  &  Co.,  London  and  New  York.     116 

pp.,  5  X  7i  in. 

This  book  was  evidently  not  written  with  any  knowledge  of 
the  methods  of  surveying  that  obtain  in  this  country.  Indeed, 
it  does  not  appear  that  the  author  has  had  any  particular  prac- 
tical surveying  experience,  for,  on  examination  of  his  titles 
displayed  on  the  title-page,  he  introduces  himself  as  a  mem- 
ber of  two  associations  of  architects  and  as  the  author  of  two 
books  relating  to  building.  There  is  very  little  contained  in 
this  volume  that  is  of  any  value  to  an  American  surveyor  ;  the 
methods  of  making  surveys  are  crude  and  obsolete,  and  some 
of  its  directions  positively  bad  practice — as,  for  instance,  its 
condemnation  of  longer  offsets  than  one  chain's  length  for 
fear  of  inaccurately  forming  a  right  angle  from  the  base  line, 
and  even  deprecating  the  use  of  any  instruments  for  the  more 
correctly  erecting  a  long  offset.  The  preference  given  to  the 
making  of  a  land  survey  by  a  series  of  triangles,  each  side  of 
which  should  be  measured  with  a  Gunter  chain  of  66  ft.,  and 
the  use  of  no  instrument  for  the  measurement  of  angles  is  bad 
teaching  ;  but  when  the  author  explains  his  preference  for  the 
Gunter  "chaiu  of  66  ft.  with  100  links  of  7.92  in.  each,  over  the 
100-ft.  chain  with  100  links,  because  each  66-ft.  length  is  an 
eightieth  of  a  mile,  and  because  the  100-ft.  chain  "  is  heavy 
to  drag,"  he  becomes  amusing.  It  would  not  be  surprising  if 
the  American  100-ft.  steel  chain  is  found  to  be  lighter  than  the 
bulky  English  larger  guage  iron  wire  66-ft.  Gunter  chain. 

A  very  valuable  bit  of  information  to  young  surveyors  is 
that  given  on  page  2  as  the  "  best  way"  to  range  a  line  in  over 
poles— namely,  "  to  stand  against  one  of  the  extreme  poles,  so 
that  the  nose  is  flattened  against  it,  while  one  eye  sees  past 
each  side  of  it,  by  which  means  that  pole  is  lost  sight  of  and 
the  distant  one  only  seen."  Can  it  be  that  to  this  practice  we 
may  attribute  the  large  proportion  of  red  noses  found  orna- 
menting  English  surveyors  of  long  experience? 

With  all  the  rudimentary  instructions  as  to  the  conduct  of  a 
survey,  down  to  the  recommendation  to  unstrap  the  chain 
before  throwing  it  out,  the  author  gives  no  directions  for  level- 
ing up  or  "  breaking"  a  chain  in  measuring  up  or  down  slop- 
ing ground.  Possibly  the  author  did  not  know  of  the  neces- 
sity of  this  if  accuracy  is  desired.  Two  young  men  were 
found  recently  who  had  received  C.E.  degrees  from  one  of  the 
leading  New  York  colleges,  who  deliberately  chain  up  a  30° 
slope  without  "  breaking  chain." 

Among  the  instruments  described  in  the  volume  but  few 
are  in  common  use  in  the  United  States.  Altogether,  we  do 
not  find  that  this  book  covers  any  field  that  is  not  already  very 
much  better  covered  by  a  number  of  books  treating  the  same 
subjects  by  other  authors.  It  is  really  saddening  to  a  lover  of 
books  to  see  good  paper  and  ink  thrown  away  recklessly  in 
this  way.  It  might  be  suggested  to  the  author,  "  Schuster, 
bleib  bei  deinem  Leisten." 


TRADE    CATALOGUES. 


Anti-friction,  or  Babbitt  Metal.  National  Lead  Com- 
pany, No.  1  Broadway,  New  York.  8  pp.,  3}  X  6  in.  This 
is  a  very  small  treatise  on  anti-friction  metal,  and  is  designed  to 
show  the  superiority  of  the  Babbitt  Metal  manufactured  by  this 
company. 


Hank-Power  Traveling  Cranes.  Meavis  &  Beekley, 
Philadelphia.  8  pp.  5|  X  8  in.  This  is  a  modest  little 
pamphlet  describing  the  traveling  cranes  manufactured  by 
this  firm.  It  contains  an  engraving  representing  one  of  their 
crane  structures,  a  description  thereof,  and  tables  of  the  sizes 
manufactured,  which  range  from  two  to  ten  tons  capacity, 
and  spans  up  to  36  ft. 


The  Charter  Gab-Engine  Company,  Sterling,  111.  Last 
month  we  criticised  a  catalogue  issued  by  this  company,  and 
suggested  that  a  fuller  description  of  their  engines  would  add 
to  the  interest  and  usefulness  of  the  publication.  Since  then 
we  have  received  another  edition  of  it  which  contains  a  good 
engraving  of  the  engine,  with  explanatory  references  printed 
in  it  iu  red  ink,  which,  with  the  description,  make  the  construc- 
tion quite  clear.  It  is  still  thought,  though,  that  with  the  aid 
of  a  sectional  representation  of  the  engine,  and  letters  of 
reference,  an  explanation  could  be  given  which  the  wayfaring 
man  and  editors  of  papers  could  understand  easier  than  they 
can  a  description  without  such  illustrations. 


Machine  Tools  for  the  Rapid  Production  of  Lathe 
Work.  The  Lodge  &  Shipley  Machine  Tool  Co.  Cincin- 
nati, O.     43  pp.  3J  X  5}  in. 

In  the  preface  to  this  little  pamphlet  the  publishers  say  very 
truly  that  "  much  thought  has  been  expended  on  the  rapid 
production  of  all  work  manufactured  by  the  screw  machine." 
It  is  then  announced  that  they  manufacture  such  machinery, 
and  their  catalogue  is  devoted  to  a  description  thereof.  It  is 
illustrated  with  small  engravings  of  a  30-in.  double-saddle 
turret  lathe,  a  60-in.  pulley  lathe,  a  pulley  drilling  and  tap- 
ping machine,  a  37-in.  turret  lathe,  a  22-in.  turret  chucking 
lathe,  a  Fox  monitor,  a  plain  or  back  grand  turret  lathe,  a 
horizontal  and  cylinder-boring  machine  (bores  18  in.  in  di- 
ameter X  3  ft.  6  in.  long),  a  triple-facing  machine,  and  a  uni- 
versal brass  worker.  Good  descriptions  of  each  of  these 
machines  are  appended  to  the  engravings.  This  publication 
is  very  convenient  for  carrying  in  the  pocket  ;  but  the  engrav- 
ings are  most  too  small  to  do  justice  to  the  machines  they  rep- 
resent. Evidently  this  company  has  been  giving  much  study 
to  the  production  of  machine  tools  to  do  work  economically. 


The  Chase-Kirchner  Aerodromic  System  of  Transpor- 
tation. 

We  have  received  a  very  well-printed  pamphlet,  describing 
what  is  called  the  "  Coming  Railroad."  Briefly  described,  it 
is  a  somewhat  remarkable  elevated  railroad,  the  vehicles  of 
which  are  hung  below  the  axles  of  the  carrying  wheels.  _  These 
vehicles  each  have  a  system  ot  aeroplanes  on  top,  which  are 
expected  to  sustain  a  part  or  the  whole  of  the  weight  of  the 
vehicles  at  high  speeds.  The  scheme  is  not  worthy  of  serious 
criticism.  Lieutenant  G.  N.  Chase,  of  the  United  States  Army, 
and  EL  W.  Kirchner.  P. A. I. A.— whatever  these  letters  may 
mean— are  apparently  the  authors  of  the  pamphlet  and  of  the 
"Aerodromic  System,"  which  hails  from  St._  Louis.  When 
a  machine,  such  as  a  steam-engine  or  type-writer,  don't  work 
right,  we  send  it  to  a  shop  for  repairs.  There  ought  to  be 
some  analogous  place  to  which  inventors,  whose  heads  don't 
work  right,  could  have  the  logical  faculty  restored  to  them. 


Heald  &  Sisco  Centrifugal  Pumping  Machinery.  Morris 
Machine  Works,  Baldwinsville,  N.  Y.     32  pp.  6|  X  10i  in. 

In  the  last  number  of  the  American  Engineer  we  noticed 
a  descriptive  circular  and  price-list  issued  by  this  company. 
Since  then  we  have  received  from  the  same  source  a  larger 
illustrated  catalogue,  which  represents  more  fully  the  work 
done  by  these  parties.  The  typography,  engraving  and  print- 
ing of  this  are  all  excellent.  There  are  wood  engravings 
showing  the  Improved  Double-suction  Pumps,  Vertical 
Pumps,  Standard  Horizontal  Right  hand  Pump  (two  engrav- 
ings), Pump  Wing  and  Pistons,  Steam  Pumps  (two  engrav- 
ings), Standard  Side-section  Steam  Pump,  Improved  Double- 
suction  Steam  Pump,  Improved  Hydraulic  Dredging  Pump, 
XL  Ejector.  Flap  Valves,  Foot  Valves,  Suction  Hose,  and  Suc- 
tion and  Discharge  Pipe.  Besides  these  illustrations  there  are 
a  number  of  diagrams  made  from  drawings  showing  the  posi- 
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tion,  dimensions,  etc.,  of  the  different  classes  of  pumps.  Tol- 
erably full  descriptions  and  tables  accompany  these  engravings, 
and  give  an  excellent  idea  of  the  kind  of  machinery  manufac- 
tured by  this  company. 


The  Westixghofse  Automatic  Brake  Catalogue. 
Second  Edition.     78  pp.,  9  X  la  in. 

This  is  a  new  edition  of  the  former  publication  issued  by  the 
Westinghouse  Air  Brake  Company,  of  Pittsburgh,  to  take  the 
place  of  the  1890  issue,  and  illustrates  the  latest  and  most 
modern  brake  appliances  as  they  have  been  practically  de- 
veloped. It  is  intended  for  the  use  of  such  railway  employes 
as  have  occasion  to  order  air-brake  supplies,  and  will  be  sent 
to  such  persons  on  application. 

Like  all  the  publications  issued  by  this  company,  it  is  mag- 
nificent in  typography,  engraving,  and  in  its  general  concep- 
tion. It  would  be  difficult  to  find  anywhere  an  engraving 
which  is  more  comprehensive  in  the  illustration  of  the  organs 
and  details,  more  lucid  in  the  exposition  of  the  functions  of  a 
complex  mechanism,  or  more  artistic  in  execution  than  the 
large  folded  plate  showing  all  the  parts  of  the  brake  apparatus. 
It  is  printed  throughout  on  heavy  coated  paper,  which  brings 
out  all  the  effect  of  the  engraving,  but  it  is  to  be  feared  will 
not  stand  the  wear  and  tear  of  folding.  All  the  other  engrav- 
ings are  excellent,  and  have  been  diawn  with  reference  to  the 
purpose  of  the  book,  which  is  to  facilitate  the  ordering  of 
parts  of  the  brake  apparatus.  Some  new  designs  are  to  be 
found  in  the  book — as,  for  example,  the  new  9^-in.  improved 
air  pump,  on  page  6.  Some  diagrams  are  also  given  which 
are  intended  as  guides  to  persons  ordering  driving-wheel  brakes 
for  locomotives.  The  volume  ends  with  the  "  Conditions  un- 
der which  Air  Brake  and  Train  Signaling  Apparatus  is  Sold." 


Full  Information  for  the  Erection  and  Use  of  the 
Baker  Cab  Heaters.  Revised  Edition.  By  William  C. 
Baker,  143  Liberty  Street.  New  Vork.     42  pp.  4f  X  8  in. 

The  purpose  of  this  book  is  expressed  in  its  title.  It  is  lit- 
erally "full"  information.  It  may  be  said  of  Mr.  Baker,  or 
the  author  of  the  "  Information,"  whoever  he  is,  as  Herbert 
Spencer  said  of  Tyndall :  "  He  is  an  excellent  expositor  ;"  and 
this,  Spencer  goes  on  to  say,  "  implies  much  constructive 
imagination."  All  that  we  have  room  to  say  here  is  that  the 
directions  given  are  very  full,  very  clear,  and  easily  under- 
stood. Explicitness  is  carried  to  the  extent  of  giving  engrav- 
ings— and  very  good  ones,  too — one  of  a  piece  of  "  the  largest 
size  coal  to  be  used  in  the  heaters,"  and  another  showing  a 
piece  of  the  "  smallest  size." 

Interspersed  through  the  book  are  a  number  of  apothegms 
—usually  printed  in  italics— which  it  is  a  public  benefit  to  im- 
press on  the  minds  of  railroad  men.  The  following  are  ex- 
amples :  "  Pun  nir  is  as  ess,  filial  t>>  the  comfort  of  the  passing,  rs 
as  is  warm  air.  There  is  no  need  of  consuming  more  coal  than 
in  required.  You  cannot  adapt  the  weather  to  thefire.  Never 
go  away"  (it  should  have  been  added,  nor  go  to  sleep)  "and 
the  draft  full  on  the  fire.  Never  let  thefire  go  out.  Ni  a  r 
take  tlie  water  from  the /water  nor  the  heater  from  live  car.  Have 
it  always  ready  for  service."  The  following  final  injunction, 
it  is  hoped,  will  be  generally  observed  :  "  Simply  obey  all  the 
rules,  unit  a,  1  'ml  all  tl,<-  advice  given  in  this  little  booh."  Mr. 
Baker  should  have  added  :  "  Fear  God,  and  keep  His  com- 
mandments ;  for  this  is  the  whole  duty  of  man." 


THE  NEW  PATENT  BILL. 


Provisions  to  Protect  Innocent  Purchasers  and  Inventors. 


Tiif.  bill  amending  the  patent  laws  in  various  particulars  re- 
cently agreed  on  by  a  sub-committee  of  the  House  committee 
on  patents  has  been  printed,  and  will  probably  be  laid  before 
the  full  committee  at  its  next  meeting.  The  measure  contains 
provisions  for  the  protection  of  innocent  purchasers  of  patents 
and  limits  to  one  year  the  time  within  which  applications  for 
patents  on  articles  already  patented  abroad  must  be  made  in 
this  country.  The  section  for  the  protection  of  innocent 
purchasers  of  patents  provides  that  whenever  a  patent  is 
alleged  to  be  infringed,  the  patentee  shall  seek  his  remedy  by 
bringing  suit  in  the  first  instance  against  the  manufacturer  or 
vendor  of  the  article  alleged  to  infringe  said  patent,  and  that 
in  no  case  shall  an  action  be  maintained  against  any  individual 
who  shall  have  purchased,  in  good  faith,  a  patented  article  of 
a  regular  dealer  in  the  open  market  for  his  own  use,  or  who 
shall  innocently  use  the  same  for  agricultural  or  domestic  pur- 


poses, until  after  such  patent  has  been  sustained  by  a  decree 
of  a  court  of  competent  jurisdiction,  nor  unless  such  pur- 
chaser shall  fail  or  refuse  to  give  to  the  patentee  or  his  repre- 
sentative, at  his  request,  the  name  and  residence,  if  known  to 
such  purchaser,  of  the  party  from  whom  he  purchased  the 
patented  article. 

An  important  amendment  carried  by  the  bill  reduces  from 
two  years  to  six  months  the  time  in  which  all  applications  for 
patents  filed  shall  be  completed  and  prepared  for  examination. 
Upon  the  failure  of  the  applicant  to  prosecute  the  same  within 
six  months  after  any  action  thereon,  they  shall  be  regarded  as 
abandoned  by  the  parties  thereto,  unless  the  delay  was  un- 
avoidable. 

• 

INTERNATIONAL  STANDARDS  FOR  THE  ANAL- 
YSIS OF  IRON  AND  STEEL. 


The  Sub-Committee  on  Methods  for  the  Analysis  of  Iron 
and  Steel  have  sent  the  following  bulletin  to  the  iron  and  steel 
chemists  of  the  country,  so  far  as  they  could  get  their  names. 
They  earnestly  request  that  any  who  do  not  receive  a  copy  of 
the  circular,  but  who  do  see  this,  will  comply  with  the  request 
of  the  bulletin  the  same  as  though  they  had  received  a  circu- 
lar direct. 

CIRCULAR  TO  IRON  AND  STEEL  CHEMISTS  ON  METHOD  OF  DETER- 
MINING  PHOSPHORUS. 

Dear  Sir  :  At  the  World's  Congress  of  Chemists  in  Chicago 
a  Sub-Committee  of  the  original  Committee  on  International 
Standards  for  the  Analysis  of  Iron  and  Steel  was  appointed 
to  consider  the  subject  of  Standard  Methods. 

This  Sub-Committee  consists  of  Dr.  C.  B.  Dudley,  Chair- 
man ;  Messrs.  A.  A.  Blair,  W.  P.  Barba,  P.  W.  Shinier  and 
T.  M.  Drown.  It  has  recently  held  a  meeting  and  has  decided 
to  recommend  standard  methods  in  iron  and  steel  analysis  to 
be  used  -as  the  basis  of  commercial  transactions.  The  Sub- 
Committee  fully  appreciates  the  fact  that  these  methods,  to 
have  the  highest  value,  should  be  in  facility  and  in  time  of 
execution  such  that  they  will  readily  recommend  themselves 
for  daily  use  in  iron  and  steel  works. 

To  further  this  end  the  Sub-Committee  wishes  to  have  the 
co-operation  of  the  iron  and  steel  chemists  of  the  country,  and 
to  ask  them  for  a  brief  outline  of  the  processes  or  methods 
they  use  and  prefer  for  the  determination  of  different  elements 
in  iron  and  steel,  and  for  such  other  information  and  sugges- 
tions as  they  think  will  aid  it  in  the  work  before  it.  The  Sub- 
Committee  recognizes  the  fact  that  it  will  add  immensely  to 
its  efficiency  and  value  if  the  iron  and  steel  analysts  of  the 
country  will  take  a  personal  interest  in  it,  and  aid  it  by  their 
counsel  and  active  influence. 

You  are  therefore  requested  to  send  to  the  Chairman  of  the 
Sub-Committee,  as  soon  as  convenient,  such  an  outline  as  you 
may  deem  sufficient  to  fully  describe  your  practice.  It  is  sug- 
gested that  you  follow  the  general  plan  here  indicated,  by 
answering  the  following  questions,  which  may  be  referred  to 
by  number  to  save  you  unnecessary  trouble. 

1.  What  general  method  do  you  use  for  the  determination  of 
phosphorus  in  iron  and  steel  1 

2.  What  special  precautions  do  you  consider  necessary  to 
make  this  method  reliable  ? 

3.  What  precautions  do  you  take  to  prevent  the  interference 
of  arsenic  ? 

4.  What  factors  do  you  use  in  your  calculations  ? 

5.  What  variations  do  you  introduce  in  the  case  of  iron  ores 
or  slags  ? 

6.  Do  you  use  the  same  method  in  pig  iron  and  steel  and  do 
you  consider  the  results  equally  reliable  ? 

7.  Do  you  ever  examine  the  residues  insoluble  in  acid,  in  pig 
irons,  or  iron  ores  and  do  you  ever  find  phosphorus  in  them  V 

8.  Are  all  your  determinations  made  by  the  same  method,  or 
do  you  check  your  work  by  reference  to  another  method,  and 
if  so,  what  method  do  you  use  for  this  purpose  ? 

9.  How  many  determinations  do  you  make  a  da}T  in  your 
laboratory  under  ordinary  circumstances  ? 

10.  What  do  you  consider  the  greatest  length  of  time  nec- 
essary to  obtain  a  result,  permissible  in  your  work  '! 

The  Sub-Committee  begs  that  you  will  send  at  the  earliest 
possible  moment  as  full  replies  to  all  or  any  of  the  above 
questions  as  you  conveniently  can,  and  assures  you  that  in 
making  use  of  any  details  that  may  be  original  with  you,  you 
shall  have  full  credit.  \"ou  will  likewise  be  furnished  with 
copies  of  the  various  reports. 

Charles  B.  Dudlet, 

Chairman  Sub -Committee, 
Approved,  Altoona,  Pa. 

J.  W.  Lang  ley, 

Chairman  Com.  on  Int.  Standards. 
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PERFORMANCE    OF  ENGINE  870  ON    THE  NEW 
YORK  CENTRAL  &  HUDSON  RIVER  RAILROAD. 


The  following  very  remarkable  performance  of  this  engine 
will  interest  many  master  mechanics  and  locomotive  engineers. 
Who  can  beat  it  ? 

OX     EMPIRE     STATE     EXPRESS    TRAIN,    RUNNING    NORTH  ;     ON 
SOUTHWESTERN   LIMITED  TRAIN,  RUNNING  SOUTH. 

Out  of  the  shop - March  26th,  1893 

In  the  shop April  2d,  1894 

Period  out  of  the  shop 370  days 

Idle 10     " 

Continuous  service 360  days 

Made  360  round  trips  between  New  York  and  Albany. 
Mileage  during  that  period 105,866  miles 

Cut  out  on  April  5th,  1893,for  broken  follower  bolt    10  minutes 
Cut  out  February  6th,  1S94,  whistle  broken 30 

1  otal  time  lost  by  reason  of  engine  failures 40  minutes 

No  other  engine  failures. 

Time  lost  other  than  engine  failures 21  h.  57  m. 

Made  up  exceeding  schedule  time 39  "  51  " 

Total  time  made  up  exceeding  schedule  time  and 

time  lost 17  h.  14  m. 

♦ 

NOTES  AND  NEWS. 


Liverpool  Station  in  London.— The  enlargement  of  the 
Liverpool  Station  in  London  is  proceeding  rapidly,  and  when 
completed,  it  is  claimed  that  it  will  be  the  largest  station  in 
that  country.  It  will  have  18  platforms  and  20  lines.  At  the 
narrowest  part  of  the  approach  there  will  be  6  lines,  and  with 
the  new  signal  arrangements  and  short  blocks,  it  will  be  pos- 
sible to  run  trains  in  or  out  every  2  minutes.  At  present 
between  700  and  800  trains  are  run  in  and  out  daily  ;  but  the 
enlargement  will  enable  the  company  to  operate  1,000  trains  a 
day. 

Railroad  Through  the  Sea.— An  interesting  experiment  is 
abaut  to  be  carried  out  at  Brighton,  Eng.  A  marine  railway  will 
connect  Brighton  with  the  little  village  of  Rottondon.  The  rails 
will  be  laid  on  solid  rock  with  a  car,  and  at  high  water  will  be 
covered  with  the  sea,  which,  however,  will  not  affect  the  car- 
riages, as  the  latter  are  to  be  supported  on  framework  raising 
them  above  the  level  of  the  water.  At  this  part  of  the  coast 
the  cliffs  are  high  and  the  beach  inaccessible,  so  that  no  boating 
will  be  interfered  with.  The  cars  are  to  be  moved  by  elec- 
tricity. 

Swiss  Cable  Railways.— The  last  of  the  Swiss  mountain 
railroads  is  that  up  the  Stanserhorn,  which  rises  6,235  ft. 
above  sea  level,  a  little  south  of  Lake  Lucerne,  not  very  far 
from  the  Pilatus  and  the  two  Rigi  railroads.  It  is  a  cable 
road,  or,  rather,  three  cable  roads,  each  with  two  cars,  a 
motor  at  the  upper  end,  and  an  automatic  turnout  in  the  mid- 
dle. The  passengers  change  cars  at  the  end  of  each  line.  It 
can  cany  32  persons  every  16  or  17  minutes;  and,  including 
the  changes  of  passengers,  the  time  required  to  reach  the  sum- 
mit is  51  minutes.  The  fare  for  the  round  trip  is  $1.55.  The 
first  section  is  1,585  m.  long,  and  rises  276"7  m.  ;  the  second 
section,  1,082  m.  long,  rises  508.4  m.,  and  the  third,  1,270  m. 
long,  rises  627.8  m.  The  grades  of  the  first  section  vary  from 
422  ft.  to  1.452  ft.  per  mile  ;  of  the  second  and  third,  from 
2,112  ft.  to  3,273  ft.  per  mile.  A  contemporary  says  the  brak- 
ing is  effected  from  the  motor  stations,  and  is  novel — peculiarly 
formed  rails  being  required  for  it.  The  motive  power  is  elec- 
tricity, generated  at  each  motor  station  by  water  power. — 
Engineering. 

German  Process  of  Drying  Wood.— A  German  process  for 
drying  woods  has  been  tried,  and  with  some  success,  by  a  firm 
.  f  Canadian  lumbermen.  It  consists  briefly  in  placi  >g  the 
timber  for  12  days  in  chambers  heated  by  steam  and  then  in 
another  room  to  dry.  The  plan,  it  is  said,  entirely  gets  rid 
of  sap,  and  has  been  found  more  efficacious  with  juicy  woods 
like  beech  and  birch.  It  is  certainly  the  case  that  timber 
prepared  by  this  means  is  largely  used  in  Germany,  and  par- 
ticularly in  Bavaria.  At  the  same  time  it  is  stated  that  this 
artificial  seasoning  is  not  nearly  so  efficacious  as  that  pro- 
duced by  natural  means.    Woods  thus  forced  into  maturity 


are  apt  later  on  both  to  warp  and  to  rot.  The  constructors  of 
the  German  navy  have  altogether  declined  to  use  wood  so  pre- 
pared, though  it  has  been  found  useful  for  fencing  and  other 
kinds  of  cheap  carpentry. — Manchester  Courier. 

Aerial  Railway  at  Gibraltar.— A  cable  railway  has  re- 
cently been  erected  at  the  rock  of  Gibraltar,  carrying  a  sus- 
pended car,  in  which  all  kinds  of  materials  are  transferred  to 
the  summit  of  the  rock.  The  time  required  is  about  five 
minutes.  At  the  north  end  of  the  Alameda  is  an  engine  house 
from  which  two  cables  rise  with  a  stretch  of  300  yds.  as  far  as 
the  edge  of  the  cliff.  Above  this  point  the  convex  shape  of 
the  rock  necessitated  their  being  raised  from  the  required 
height  of  the  ground  by  means  of  trusses.  The  cables  are 
constructed  with  a  capacity  of  70  tons,  but  the  strain  upon 
them  is  never  allowed  to  exceed  six. 

Armor  Plates  in  the  British  Navy.— The  following  is 
from  a  report  emanating  from  official  sources  :  The  past  year 
has  been  remarkable  for  the  results  obtained  from  experiments 
conducted  with  steel  armor  treated  by  the  "  Harvey"  process. 
Armor  plates  supplied  by  four  firms  have  been  tested,  by  and 
for  the  Admiralty.  The  investigation  has  been  most  thorough 
and  extensive,  and,  as  a  result,  orders  have  been  given  for 
Harveyed  steel  armor  for  the  Renown,  Majestic,  and  Magnifi- 
cent. In  the  course  of  the  experiments  the  use  of  nickel  as  an 
alloy  of  steel  for  the  purposes  of  armor-plates  has  been  f  un- 
tested. It  has  been  established  that  Harveyed  plates  without 
nickel  in  the  steel  show  resistance  to  modern  projectiles  as 
great  as  any  hitherto  obtained  when  nickel  was  combined  with 
steel  in  plates  also  treated  by  the  Harvey  process.  The  conse- 
quence of  adopting  this  new  system  will  be  a  great  saving  in 
cost  for  a  given  defense.  By  means  of  these  improvements 
the  power  of  defense  obtainable  with  certain  thicknesses  and 
weights  of  armor  has  been  very  greatly  increased,  and  this 
circumstance  must  considerably  affect  the  designs  of  battle- 
ships to  be  laid  down  in  the  future. 

German  Locomotives.— Mr.  G.  Lentz,  in  a  recent  address 
before  a  German  engineering  society  on  locomotive  design, 
said  that  the  German  and  other  continental  locomotives  are 
modeled  after  both  English  and  American  designs,  with  the 
result  that  a  mixture  of  The  features  of  both  is  found  in  them  ; 
the  practice  of  later  years,  however,  following  rather  more 
closely  the  lines  of  English  builders.  But  the  inside  cylinders 
and  crank-axles  of  the  English  engine  have  not  found  favor, 
at  least  not  in  Germany,  where  sharper  curves  are  permitted 
than  in  England,  and  where,  therefore,  numerous  crank-axle 
failures  have  led  to  the  adoption  of  outside  cylinders.  Com- 
pared with  the  English  locomotive,  the  American  engine 
does  not  commend  itself  in  appearance  to  Mr.  Lentz's  tastes  ; 
there  being,  as  he  puts  it,  less  beauty  of  design  in  its  make-up, 
■while  in  many  cases  it  is  embellished  with  flourishes  and  need- 
less ornamentation  which  give  it  an  unrestf ul  air.  The  Eng- 
lish builder,  on  the  other  hand,  aims  at  the  utmost  simplicity, 
and  turns  out  an  engine  solid  and  clean  cut  in  appearance. 
Next  to  the  English  engines  in  the  order  of  merit,  so  far  as 
appearance  is  concerned,  Mr.  Lentz  places  those  of  Belgian 
make,  in  which  inside  cylinders  largely  prevail.  Crank-axle 
fractures,  however,  occur  in  large  numbers  with  these,  not- 
withstanding the  fact  that  their  design  provides  for  an  extra 
bearing  for  these  axles. 

Boilers  and  Machinery  in  the  British  Navy.— The  follow- 
ing extracts  from  a  report  show  the  progress  which  is  being 
made  in  the  British  Navy  in  the  use  of  water-tube  boilers  : 
During  the  year  1893-94  a  large  number  of  ships  have  passed 
satisfactorily  through  their  contract  steam  trials.  They  in- 
cluded eight  battleships,  six  first-class  cruisers,  three  second- 
class  cruisers,  eight  torpedo  gunboats,  and  the  torpedo-boat 
destroyer  Hawck.  The  Devastation  has  been  re  engined  and 
fitted  with  boilers  of  the  common  combustion  chamber  type. 
The  tubes  being  fitted  with  the  Admiralty  cap  ferrules  enabled 
the  trials  to  be  accomplished  satisfactorily.  The  fitting  of 
these  ferrules  has  been  extended  in  the  boilers  of  her  Majesty's 
ships  with  satisfactory  results.  In  connection  with  the  pro- 
pelling apparatus  of  the  Poiterful  and  Terrible  it  became  neces- 
sary to  decide  whether,  in  view  of  the  very  high  sea-speed  for 
which  the  vessels  are  designed,  and  the  great;  power  required 
for  the  attainment  of  that  speed,  a  new  departure  should  not 
be  made,  and  boilers  on  the  "  water-tube"  principle  adopted. 
After  full  inquirv  into  the  experience  gained  in  recent  years 
with  water-tube 'boilers  fitted  in  sea-going  ships,  it  was 
cided  to  adopt  a  tvpe  which  has  proved  successful  on  a  large 
scale  and  over  long  voyages.  These  boilers  will  be  made  in 
this  country,  and  the  orders  for  the  machinery  have  been  placed 
with  two  of  the  most  eminent  private  firms,  whose  corn  pr- 
ior the  task  they  have  undertaken  is  undoubted.  The  Speedy 
is  the  first  ship  In  the  Nuvv  fitted  with  a  group  of  w;iter-tube 
boilers.     Thev  are  of  the  Thorneycroft  type,  and  with  engmes 
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by  Messrs.  Thorney croft  &  Co.  She  accomplished  over  4,700 
indicated  H.P..  the  contract  being  4,500.  Water-tube  boilers 
of  English  design  and  manufacture,  have  been  or  are  being 
fitted  in  a  number  of  torpedo-boat  destroyers  now  in  c 
of  construction,  and  those  that  have  been  tested  have  given 
most  promising  results.  The  torpedo-boat  destroyer  Ebrtut, 
engined  by  Messrs.  Yarrow  &  Co.,  is  fitted  with  a  set  of  the 
Yarrow  patent  water-tube  boilers,  and  her  preliminary  trials 
have  given  very  promising  results,  her  speed  having  exceeded 
that  of  the  sister  vessel,  the  Hawk,  the  first  of  her  class  which 
is  fitted  with  locomotive  boilers. 


The  object  of  this  paper  is  to  represent  graphically  the  ac- 
tion of  one  or  more  driving-wheels  during  an  entire  revolu- 
tion, at  different  speeds  and  under  different  conditions  in  a 
series  of  diagrams,  arranged  to  show  at  a  glance  the  vertical 
influence  of  the  extra  counterweight  used  to  overcome  t in- 
action of  the  reciprocating  parts,  and  the  effect  of  these  parts 
to  equalize  the  pressure  on  the  crank-pin. 

It  is  not  claimed  that  any  new  facts  will  be  offered,  nor  that 
the  matter  here  presented  will  particularly  interest  those  who 
have  made  a  comprehensive  study  of  the  subject,  but  is  rather 
designed  to  show  it  in  a  pictorial  way,  somewhat  in  the  man- 
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THE    RECIPROCATING   PARTS   OF 
TIVE. 


Fig. 
A   LOCOMO- 


Bv  F.  J.    Cole,    Mechanical    Engineer,   Baltimore    & 
Ohio  Railroad. 


Theke  has  lately  been  a  marked  revival  of  interest  in  the 
counterbalancing  of  locomotive  driving-wheels,  caused  largely 
by  the  higher  speeds  now  in  vogue,  the  increased  weight  of 
reciprocating  parts  (especially  in  compound  engines),  due 
to  the  large  cylinders  required  for  the  powerful  locomotives 
at  present  employed  in  the  economical  operation  of  railroads, 
and  the  recent  laboratory  tests  made  at  the  Purdue  University. 


ner  a  sketch  or  drawing  would  illustrate  some  object  one  had 
in  mind. 

The  effect  on  the  track  of  a  rapidly  revolving,  unbalanced 
wheel  to  increase  or  diminish  the  static  weight  borne  by  the 
drivers  of  locomotives  can  be  readily  calculated  by  means  of 
the  usual  formula;  for  centrifugal  force.  At  the  risk  of  seem- 
ing to  repeat  and  reproduce  here  much  that  can  be  found  in 
works  on  the  steam-engine  and  physics,  it  is  thought  best  to 
make  a  full  explanation  of  the  subject. 

The  word  centrifugal  is  derived  from  Latin,  centum,  a  cen- 
ter .  and  fugere,  to  flee  ;  and  is  defined  as  "  that  force  by 
which  a  body  moving  in  a  curve  tends  to  fly  off  from  the  axis 
of  motion  in  a  tangent  to  the  periphery  of  the  curve."     It  is 
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best  understood  in  the  simplest  form  as  the  tendency  to  break 
a  string,  to  one  end  of  which  a  weight  is  tied  revolving  around 
in  a  circle.  It  equals  in  pounds  one-thirty-second  part  of  the 
weight  of  the  rotating  mass  multiplied  by  the  square  of  the 
velocity  in  feet  per  second,  with  which  the  center  of  gravity 
of  the  weight  moves  in  its  path,  and  divided  by  the  radius,  in 
feet,  of  the  circle  of  motion  of  the  center  of  gravity  of  the 
weight. 

Or,  expressed  in  revolutions  per  minute,  the  formula  be- 
comes the  well-known  and  familiar  one  usually  used  in  the 
calculations  of  governors,  fly  wheels,  and  other  parts  and  de- 
tails of  steam-engines  : 

Cent.  F  =  TF  X  i?  X  r  X  .00034, 
in  which 

W  =  weight  in  pounds  : 
R  =  revolutions  per  minute  ; 
r   =  radius  in  feet. 

The  revolutions  per  minute  corresponding  to  different  speeds 
in  miles  per  hour,  for  various  diameters  of  driving-wheels,  are 
giving  in  the  following  table  : 
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Counterweights  are  added  to  all  locomotive  driving-wheels 
to  balance  the  total  revolving  weights,  consisting  of  the  crank- 
pin,  crank-pin  boss,  side  or  parallel  rod,  and  back  end  of 
main  rod,  and  a  portion  or  all  of  the  reciprocating  weights, 
consisting  of  the  piston  and  rod,  cross-head,  and  front  end  of 
main  rod.  To  obtain  a  perfect  horizontal  balance,  all  the 
weight  of  the  reciprocating  parts  must  be  balanced  in  the 
counterweight,  as  it  is  evident  upon  a  little  reflection  that  the 
centrifugal  force  of  the  weight  will  exactly  equal  and  neu- 
tralize the  effect  of  the  other  when  they  are  similar. 

The  vertical  disturbance,  however,  is  increased  in  direct  pro- 
portion to  the  extra  amount  added  over  and  above  the  weight 
required  to  balance  the  revolving  parts. 

In  view  of  this  fact,  I  he  practice  of  railroads  and  locomotive 
builders  generally  is  to  vary  the  amount  from  two-thirds  to 
the  full  weight,  according  to  the  style  of  engine,  speed,  and 
other  considerations. 


Fig.  2. 

The  smoothest  running  engines  at  high  speeds  are  those 
fully  balanced.  This,  has  been  demonstrated  so  repeatedly 
on  engines  with  varying  amounts,  that  it  now  seems  pretty 
well  understood  ;  but  on  account  of  the  excessive  vertical  effect 
on  the  track,  caused  by  rapidly  revolving,  unbalanced  wheels, 
it  is  considered  by  many  that  the  minimum  amount  consistent 


with  comparative  freedom  from  excessive  fore-and-aft  jerk- 
ing should  be  used. 

The  varying  increase  and  decrease  of  the  normal  weight  on 
the  drivers  can  be  quickly  comprehended  by  means  of  curves 
plotted  for  given  weight,  speeds,  etc.  Fig.  1  shows  the  effect 
of  reciprocating  parts  of  an  eight-wheeled  engine  having  four 
coupled  drivers  and  a  four-wheeled  truck. 

Diameter  of  drivers 60  in. 

Size  of  cylinders 18  in.  X  24  in. 

Weight  on  drivers 72,300  lbs. 

Steam  pressure 160  lbs. 

Weight  of  reciprocating  parts  : 

Piston  and  rod 285  lbs. 

Cross-head 138   " 

One-halt  main  rod. 211    " 

Total 634  lbs. 

On  the  diagram  the  spaces  between  the  horizontal  lines  rep- 
resent 1,000  lbs.,  and  each  vertical  line  5°  of  crank  movement, 
72  lines  in  all  equaling  3603,  or  one  revolution.  The  heavy 
horizontal  line  marked,  "Normal  weight  on  drivers,"  is  the 
weight  —72,300  lbs. — carried  on  them,  plotted  from  the  base- 
line. 

In  this  diagram  the  weights  borne  by  each  wheel  have  not 
been  considered,  as  the  effect  of  each  side  of  the  engine  and 
the  combined  or  total  effect  of  all  drivers  has  been  plotted. 
While  the  individual  result  is  slightly  different  when  plotted 
separately,  yet  the  total  result  of  one  side  or  of  both  sides  or 
all  the  wheels  is  the  same.  Later  on  the  exact  effect  of  each 
wheel  will  be  considered.  The  speed  of  the  engine  is  assumed 
to  be  60  miles  per  hour.  As  the  drivers  are  60  in.  in  diam- 
eter, the  number  of  revolutions  per  minute  will  be  336.  The 
maximum  increase  or  decrease  of  the  normal  weight  on  the 
drivers  for  one  side  will  be  W  x  R*  X  r  X  .00034  =  634  x 
336s  X  1  X  .00034  =  24,335  lbs.  Referring  to  the  relative 
positions  of  cranks  and  counterweights  shown  toward  the  bot- 
tom of  the  diagram  (on  the  line  marked  25,000,  merely  for  con- 
venience, because  of  the  blank  space  in  the  diagram),  com- 
mencing on  the  extreme  left,  the  counterweight  for  the  left 
side  is  shown  down  at  its  lowest  and  the  crank  at  its  highest 
position  at  90°,  bolh  marked  L.  Consequently,  as  the  unbal- 
anced weight  tends  to  fly  out  radially  from  the  center,  the 
normal  weight— 36,150  lbs. — or  load  borne  on  the  drivers  when 
the  engine  is  at  rest  will  be  increased  by  the  amount  of  the 
centrifugal  force— 24,335  lbs. — making  a  total  of  60,485  lbs. 

The  base-line  for  one  side  is  the  heavy,  dotted,  horizontal 
line  marked  36,150.  The  vertical  height  from  it  to  the  curved 
lines  marked  right  or  left  will  be  the  weight  on  track  for 
either  side  at  any  position  of  the  crank. 

The  dotted,  curved  line  at  upper  left-hand  corner  of  dia- 
gram marked  left  is  plotted  by  making  the  height  equal 
60,485  from  its  dotted  base-line  or  60,485  +  36,150  =  96,635, 
from  the  real  base-line  corresponding  to  the  marginal  figures. 
Following  out  the  motion  of  crank,  from  left  to  right,  the  suc- 
ceeding positions  for  each  45°  can  be  found  by  multiplying 
the  maximum  centrifugal  force  by  the  sine  of  the  angle,  thus  : 
24.335  X  7.071  =  17,207  lbs.  -f-  36,150  =  53,357  lbs.,  or  if  de- 
sired, the  same  result  can  be  obtained  by  multiplying  by  the 
vertical  ordinates  A,  B,  C,  D,  E,  F,  on  the  line  F,  Z,  fig.  8, 
and  dividing  by  the  radius  ;  53,357  is  measured  from  the 
dotted  base-line,  or  53,357  +  36,150  from  the  real  base,  and 
the  position  plotted  on  vertical  line  marked  135"  for  left  crank 
angle. 

At  180°  the  counterbalance  exerts  no  vertical  force,  as  the 
tendency  is  entirely  horizontal,  and  is  absorbed  or  neutralized 
by  the  reciprocating  parts  when  they  are  equal  in  weight. 
This  position  for  the  curve  on  diagram  is  at  36,150  from  the 
dotted  base  for  one  side,  or  72,300  from  the  real  base-line,  con- 
sequently it  is  located  at  the  intersection  of  the  vertical  line 
for  180°  left  crank  angle  and  the  heavy  horizontal  line  marked 
in  margin  72,300  lbs.  Continuing  the  curve,  the  normal 
weights  of  engine  at  rest  gradually  diminishes  as  the  counter- 
balance passes  the  horizontal  line  and  approaches  the  upper 
portion  of  wheel.  The  centrifugal  is  exerted  upward,  and 
must  be  deducted  from  the  weight  on  the  drivers,  becoming  a 
minus  quantity,  precisely  as  it  was  plus  during  the  first  quar- 
ter of  a  revolution,  followed  on  the  diagram  until  the  mini- 
mum is  reached  at  the  position  of  the  crank  angle  marked  left 
'.in  ,  after  the  wheel  has  completed  half  a  revolution.  The 
intermediate  positions  for  each  5°  can  be  found  in  like  man- 
ner, and  the  location  plotted  on  the  diagram,  making  the 
curved  line  as  shown. 

The  curve  for  right  side  is  started  at  36,160  lbs.— the  nor- 
mal weight— 90'  ahead  at  the  left,  and  is  plotted  out  inex- 
actly the  same  way.     The  two  curves,  then,  for  right  and  left 
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side,  shown  in  dotted  lines,  represent  the  independent  effect 
of  the  driving-wheels  coupled  together  for  each  side.  Owing 
to  the  cranks  being  set  at  90°  apart,  and  the  counterbalances 
located  exactly  opposite  thereto,  it  follows  that  when  one 
weight  is  exerting  its  maximum  effect  up  or  down,  the  oppo- 
site side  will  be  zero.  The  wavelike  increase  or  decrease  of 
weight  can  be  readily  followed  on  the  diagram,  the  curved 
lines  for  each  side  being  similar,  but  occupying  position  90°, 
or  one-quarter  of  a  revolution  apart  horiontally,  tending  to 


resenting  normal  weight,  and  must  be  plotted  above  or  below 
that  line,  as  the  combined  effect  of  both  curves,  measured  on 
any  vertical  line,  becomes  a  minus  or  plus  quantity. 

Following  this  combined  curve  from  the  left  to  the  right,  it 
starts  at  24,335  lbs.  above  the  normal,  falling  to  the  normal  at 
one-eighth  of  a  revolution,  because  at  this  point  the  left  is 
17,207  plus  and  the  right  17,207  minus ;  the  combined  effect 
is  zero. 

Advancing  now  to  the  next  45°,  the  curve  is  —  24,335  lbs., 


Fig-  3- 


sway  the  engine  from  side  to  side  and  swing  it  like  an  in- 
verted pendulum. 

Combining  these  curves,  the  line  shown  full  anil  marked 
"combined"  is  formed.  Commencing  at  the  left  of  diagram, 
it  is  plotted  out  from  the  horizontal  line  marked  72,300  lbs. 
normal  weight  of  drivers,  and  represents  the  total  effect  of  all 
four  drivers  on  the  track,  in  a  length  and  width  of  a  space 
occupied  by  the  driving  wheel-base,  similar  to  the  floor  of  a 
track  scale  on  which  the  drivers  alone  were  being  weighed. 

It  is  formed  by  measuring  on  all  the  vertical  lines  the  point 
of  intersection  of  both  curves  for  each  side  from  the  line  rep- 


derived  entirely  from  the  right  side,  as  the  left  at  this  position 
is  zero. 

At  the  next  45°  the  maximum  decrease  of  weight  is  reached, 
as  the  effect  of  both  cranks  is  the  same,  being  —  17,207  lbs. ; 
the  combined  curves  is  —  17,207  X  2  =  34,414  lbs.;  this  sub- 
tracted from  72,300  lbs.,  the  weight  on  drivers  at  rest,  leaves 
37,886  lbs.  as  the  minimum  weight.  Combining  the  curves 
in  a  similar  manner  for  the  remaining  one-half  revolution,  it 
reaches  the  normal  weight  again  at  90°,  and  the  maximum  in 
180°;  the  weight  is  increased  by  a  like  amouiit—  viz.,  34,414  + 
72,300  lbs.  give  100,714  lbs.  maximum, 
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From  this  combined  curve  the  alternating  increase  and  de- 
crease of  weight  is  easily  followed  by  the  eye,  the  diagram 
being  figured  and  plotted  to  give  it  prominence. 

It  will  be  observed  that  the  variation  in  weight  during  one- 
half  revolution  is  106.714  -  37,886  =  68,828  lbs.,  approaching 


as  fig.  1,  showing  the  effect  of  light  and  heavy  reciprocating 
parts  at  60  miles  per  hour.  Class  of  engines,  weights,  etc., 
are  same  as  considered  in  fig.  1,  except  the  heavy  reciprocat- 
ing weights  are  taken  at  589  lbs.  instead  of  634,  the  difference 
being  that  in  the  first  case  half  the  actual  weight  of  the  main 


WEICHT    OF    PXSTOft    IS   ORREO  ON 
BOTTOM    OF  CVUNpER    By  CAST    IRON 
"Ml         PACKING    RINCSlgSEPARATINC  FLAMC 


-i-iij-j-  Hi  -i; 


-&& 4i" 


and  almost  reaching  the  weight  on  the  drivers  when  the  en- 
gine is  at  rest. 

On  fig.  1,  at  the  bottom,  are  shown  curves  representing  the 
tractive  force  of  the  locomotive,  corrected  for  the  influence  of 
the  reciprocating  parts  during  one  revolution.  These  are  best 
and  mo-t  clearly  shown  in  their  relation  to  the  weight  on  the 
drivers  on  the  slime  diagram,  and  will  be  considered  at  length 
later  on. 

Fig.  3  represents  a  diagram  constructed  in  the  same  manner 


rod  is  taken,  and  in  this  the  actual  weight  of  front  end  of  the 
same  so  that  it  would  be  in  harmonv  and  could  be  properly 
compared  with  the  lighter  design,  the  effect  of  the  heavy 
parts  is  shown  in  full,  curved  lines,  marked  left  589.  right  589, 
combined  589.  Total  increase  of  decrease  of  weights  each 
side  of  engine,  due  to  the  heavy  reciprocating  parts,  is  02.600 
lbs.  instead  of  24.20T,  as  in  fig.  1.  The  combine.  1  effect  of 
these  cuives  to  increase  or  decrease  the  total  weight  resting 
on  the  driving-wheels  is  31.960  lbs.,  making  the  alternations 
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of  weight  during  one-half  revolution  615,020  lbs.,  and  the  actual 
weight  on  the  drivers  40,340  minimum  and  104,260  as  maximum. 
The  heavy  reciprocating  parts  (589  lbs.,  effect  shown  iu  full 
lines)  are  the  actual  weights  of  a  class  of  engines  that  are  rather 
lighter  than  the  average  construction.  They  are  selected  as 
representing  good  practice  and  average  conditions  at  the  pres- 
ent time.  Tlie  light  reciprocating  parts  (420  lbs.,  effect  shown 
iu  dotteil  lines)  are  the  estimated  weights  of  re-designed  parts 
combining  lightness  and  ample  strength  for  the  purpose, 
which  are  reduced  to  the  least  possible  weight  considered 
practicable  for  every-day  service.  The  curves  for  each  side, 
representing  the  effect  of  the  parts  weighing  420  lbs.,  increase 


rod,  it  is  well  known,  will  give  satisfactory  service  if  suitable 
material  for  bushing  is  used,  and  the  wrist-pm, thoroughly  hard- 
ened and  ground  perfectly  true,  and  fitting  neatly  in  bushing. 
The  back  end  of  the  rod  being  merely  balanced  as  the  revolving 
weight  is  not  shown.  The  cross-head  is  represented  in  fig.  6, 
made  of  cast  steel,  with  an  open,  annular,  diagonal  web  ;  I  he 
back  and  the  cylinder-heads  having  corresponding  projections 
fitting  into  its  cavities  to  reduce  its  steam  clearance  spaces  to 
a  minimum.  The  weight  of  the  piston  is  carried  by  the  wide, 
cast-iron  packing  ring  and  the  f-in.  center  separating  flange, 
so  that  the  cast  steel,  except  in  this  narrow  center  piece,  does 
not  come  in  contact  with  the  bottom  of  the  cylinder. 


WEIGHT  ON  BACld 

dhiveb.onesioe] 


Fig.  8. 


WEKWT  ON  MAIN  1 
DRiVEfl.ONE  SIDE  J 


Fig.  9. 


and  decrease  normal  weights  16,120  lbs.  The  combined  effect 
of  these  curves  to  increase  or  decrease  the  total  weight  is 
22,796  lbs.,  making  the  alternations  during  half  a  revolution 
45,592  lbs.,  and  the  actual  weight  on  the  drivers  49,504  mini- 
mum and  95,096  maximum. 

These  light  parts  have  never  been  used  collectively  in  ser- 
vice, but  were  designed  by  the  writer  as  a  practicable  method 
of  reducing  the  excessive  weight  without  venturing  into  any 
doubtful  or  unusual  construction. 

Fig.  4  shows  the  front  end  of  the  main  rod  with  a  solid  bush- 
ing.    The  rod  is  steel,  milled  out  to  an  I  section.    This  form  of 


( last  steel  is  usually  considered  a  poor  wearing  metal,  and 
its  surfaces,  when  in  sliding  contact  with  other  metals,  are 
always  protected  by  Babbitt  tin,  brass,  or  other  metals  having 
good  wearing  qualities.  The  piston-rod  is  of  the  usual  con- 
struction, merely  reduced  in  diameter,  so  as  to  allow  J  in. 
or  f  in.  wear  and  reduction  in  size  before  it  is  necessary  to 
replace  it. 

It  is  not  considered  practicable  to  allow  its  diameter  to  be 
less  than  2£  in.  (when  worn  out)  for  the  size  of  cylinder  and 
steam  pressure.  The  cross-head  is  of  cast  steel,  shown  in 
fig.  6,  with  tinned  wearing  surfaces. 
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As  nearty  all  engines,  with  the  exception  of  those  engaged 
wholly  in  switching  service)  run  forward  almost  entirely,  the 
upper  wearing  surfaces  have  been  made  unusally  large,  and 
the  lower  reduced  to  a  minimum. 

The  guides  arc  represented  by  tig.  7.  and  are  made  of  east 
iron.  The  upper  one  covers  the  full  width  of  the  cross  -head, 
affording  large  bearing  surfaces  and  efficient  protection  from 
dust  and  dirt.  The  lower  guides  are  supported  by  a  bolt  and 
thimble,  on  account  of  their  narrow  width,  to  prevent  spring- 
ing when  the  engine  is  run  backward. 

The  estimated  weights  are  as  follows  : 

( last-steel  cross-head  with  key  and  wrist-pin 92.73  lbs. 

Steel  piston-rod  and  nut. ...  ." 90.36    " 

Cast-steel  pistou-head  and  packing  lings . .  129.20    " 

Front  half  of  main  rod ". 97.50    " 

Total 419.79  lbs. 

The  vertical  effect  of  the  counterbalances  is  very  much  In- 
tensified when  a  locomotive  is  hauled  light  with  the  main  and 
side  rods  removed,  being  increased  in  the  exact  proportion  of 
the  amount  of  counterweight  added  to  balance  the  main  and 
side-rods,  the  effect  of  which  must  be  added  to  increase  or  de- 
crease the  weights  already  found,  for  the  vertical  action  of 
the  counterweight  placed  to  balance  the  reciprocating  parts. 
Evidently  in  this  case  each  wheel  should  be  considered  sepa- 
rately, as  the  main  drivers  have  an  excess  of  weight  placed 
there  to  balance  the  back  end  of  the  main  rod. 

_.  8  shows  the  curves  plotted  for  the  same  class  of  engines 
before  considered.  The  back  drivers  for  right  and  left  side  are 
shown  separately.  The  speeds  are  20,  30.  40.  and  50  miles  per 
hour,  the  latter  being  an  excessive  speed  for  freight  trains, 
liable  sometimes  to  be  reached  in  exceptional  cases,  though 
scarcely  ever  exceeded. 

The  normal  weight  on  this  pair  of  wheels  is  17.450  lbs. 

Speed.  20  miles  per  hour:  min.,  15,220  lbs.:    max.,  19,680  lbs. 
..      3Q     ..        .,       ..         ..      12_4.20   .,  ..      82>48( 

"       40      "        "       -         "        8.510    "  "      26,390    " 

"      50     "        "       "         "       3,480    "  "      31,420   " 

Fig.  9  shows  the  curves  plotted  for  main  drivers  at  the  same 
speeds.     Normal  weight  on  drivers,  18,700  lbs. 

Speed,  20  miles  per  hour:  min..  15,530  lbs.;  max..  21.870  lbs. 

"      30 11,560    '•  "      25.840    " 

"      40 6.000   "  "      31.400    " 

•'      50     "        "       "         "  -  1,140    "  "      38,540   " 

At  50  miles  per  hour  the  driver  lifts  from  the  track,  the 
weight  being  a  minus  quantity  of  1,140  lbs.,  the  curve  being 
extended  below  the  base-line,  and  the  maximum  weight  38,540 
lbs. 

Fig.  10  shows  the  curves  of  single,  main,  and  back  wheels 
combined  for  each  side,  as  shown  in  the  light  full  lines,  and 
for  the  total  combined  effect  of  all  four  drivers,  shown  in  the 
full  heavy  lines. 

This  diagram  shows  the  lines  for  one  side,  and  both  sides  in 
their  true  relation  to  the  same  base-line,  and  not  from  one 
horizontal  line  with  two  base-lines,  as  in  tigs.  1  and  3. 

The  diagram  under  consideration,  made  in  this  manner, 
shows  it  in  a  much  more  graphic  and  clear  manner  than  when 
the  eye  is  confused  by  more  thau  one  base-line  ;  the  vertical 
distance  showing  at  a  glance  the  exact  amount  on  the  track 
at  any  point  of  the  revolution.  The  normal  weight  on  drivers 
for  one  side  is  36,150  lbs. 

Speed,  20  miles  per  hour:  min.,  30.740  lbs.;  max..  41,560  lbs. 

"      30 23,980    "  "      46,320    " 

"       40 14.510    "  "      57.790    " 

"      50     "        "       "         "       2,340    "  "      69,960    " 

In  the  combined  curves  for  all  four  drivers,  the  total  normal 
weight  on  drivers  =  72,300  lbs. 

Speed,  in  miles  per  hour:  min..  64, Gilo  lbs.:  max.,  79  940  lbs. 

"      30 55.100  "      B9.500    " 

"       40      "        "        "         "      41.700    "  "     102,900    " 

"      50     "        "     .  "         "     24,500    "  "     120,100    " 

In  all  these  diagrams  the  full  weight  of  the  reciprocating 
parts  has  been  balanced.  While  this'cannot  be  claimed  : 
the  universally  accepted  method  of  counterbalancing,  it  is  by 
no  means  unusual  or  little  used.  Something  less  than  the  full 
jht  of  reciprocating  parts  can  be  used  without  injuring 
materially  the  smooth  running  of  the  engine.  As  the  friction 
of  the  piston  on  the  bottom  of  the  cylinder  and  the  packing 
surrounding  the  piston-rod  have,  no  doubt,  some  slight  influ- 
ence in  reducing  the  amount  of  weight  required  to  accurately 


balance  the  horizontal  motion  of  these  parts,  the  practice  at 
the  present  time  would  indicate  that  a  very  slight  amount, 
ranging  from  10  to  not  over  20  per  rent,  of  the  total  weight, 
can  lie  omitted  without  injurious  jerking  or  fore-and-aft  irreg 
ular  movement.  It  therefore  follows  ihat  the  most  promising 
line  of  improvement  lies  in  a  reduction  of  the  weights  of  the 
reciprocating  parts.  It  is  not  an  extravagant  statement  to 
make,  that  by  a  little  careful  designing  a  very  great  reduction 
can  be  made  in  the  weight,  without  impairing  the  efficiency, 
strength  or  durability  of  these  parts.  .Much  more  attention 
has  been  paid  in  Europe  to  the  reduction  of  weights  of  cross- 
heads  and  pistons  than  in  this  country.  The  tendency  to  the 
use  of  compound  engines  in  the  last  few  years  has  called  at- 
tention to  this  matter  in  a  more  pronounced  manner  than 
would  otherwise  have  occurred,  owing  to  the  enormously  in- 
creased weight  and  size  of  cross  heads  and  pistons  used  in  this 
class  of  engines. 

The  weight  of  reciprocating  parts  on  a  number  of  modern 
single  expansion  engines  is  given  below  : 

SIZE  OF  CYLINDERS. 


1- 


HI        19       18 

x        x       x 

24.      84.     24. 


Hmain-rod..  .  STIM  263  511  1."  :'..  15S  noil 

Croeshead m  '  461  138190     201";  204182     138     208      160 

Piston  and  rod.  3-  li  .-     .-     291  298  300     320     302       308 

Total ,843,^  !I49  634  621M'>«!?  067  l.  J  - 
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(TO   BE   CONTINUED.) 


BOILERS  AND   FEED-PUMPS   OF   THE   UNITED 
STATES  BATTLESHIP  'TEXAS." 


In  continuation  of  our  description  of  the  machinery  of  the 
United  States  battleship  Texas,  we  present  in  this  number  en- 
gravings illustrating  the  details  of  the  construction  of  the 
boilers  and  feed  pumps.  Both  were  built  at  the  Richmond 
Locomotive  Works,  of  Richmond,  Va.,  the  boilers  from  the 
specifications  furnished  bv  the  department,  and  the  latter  from 
the  designs  of  Mr.  C.  J.  Mellen,  chief  draftsman  for  the  con- 
tractors. The  boiler  is  of  what  may  be  called  the  standard 
type  for  the  double-ended  boilers  of  all  of  the  vessels  of  the 
United  States  Navy,  and  differs  only  in  detail  fiom  those  of 
the  Minneapolis  and  other  vessels  heretofore  illustrated  in  the 
pages  of  The  American  Engineer. 

There  are  four  boilers,  each  having  a  mean  diameter  of  14  ft. 
and  a  length  of  18  ft.,  and  with  six  corrugated  furnaces  with 
a  minimum  diameter  of  3  ft.  3  in.  and  a  length  of  6  ft.  8|  in. 
There  are  168  stay-lubes  and  642  ordinary  tubes  in  each  boiler, 
the  length  between  tube  sheets  being  6  ft.  9  in.  The  external 
diameter  of  all  the  tubes  is  2|  in.;  the  ordinary  tubes  are 
No.  9  B.  W.  G.  in  thickness,  and  are  swelled  to  an  outside 
diameter  of  2T9S  in.  at  the  front  ends,  the  back  ends  being  ex- 
panded into  the  tube  sheet  and  beaded  over.  The  stay-tubes 
are  reinforced  at  each  end  and  swelled  at  the  front  end  to  a 
diameter  of  2£  in.  Of  these  tubes  144  are  Tsj  in.  Ihic  k.  and  24 
are  £  in.  thick  ;  all  of  them  being  threaded  at  both  ends  to  fit 
the  threads  in  the  tube  sheets,  into  which  they  are  screwed  and 
then  made  tight  by  expanding  aud  beading  over.  All  tube 
spacing  is  fixed  at  the  uniform  distance  of  34  in.,  both  vertically 
and  horizontally,  and  so  disposed  that  there*  are  136  tubes  for 
each  of  the  side  furnaces  and  133  for  each  center  furnace. 
This  makes  the  efficiency  of  each  furnace  the  same,  and  the 
products  of  combustion  of  each  are  kept  separate  and  apart 
until  they  reach  the  uptake.  For  this  each  furnace  has  its 
own  combustion  chamlier  made  of  \i  in.  plates,  except  the 
tube  sheets,  which  have  a  thickness  of  'i  in. 

The  furnaces  are  of  the  well-known  Fox  corrugated  pattern, 
made  of  one  piece  of  steel  4  in.  thick.  These  furnaces,  like 
all  others  in  use  on  American  vessels,  were  made  by  the  Con- 
tinental Iron  Works,  of  Brooklyn,  X.  Y.  Tin  method  of 
manufacturing  these  corrugated  furnaces  requires  special  skill 
and  special  machinery  in  order  to  do  it  successfully.  The 
sheets  are  first  bent  in  ordinary  bending  rolls,  and  then  the 
longitudinal  seam  is  welded  by  heating  the  overlapping  edges 
of  the  plate  with  fun  E  water  gas  as  fuel,  after  which 

the  heated  part  is  passed  between  bending  rolls.  But  little 
hand  work  is  done,  as  hydraulic  rams  anil  lifts  are  used 
for  forming  the  weld  and  handling  the  sheet.  After  the 
welding  is  completed  the  shell  is  heated  in  a  circular  and  verti- 
cal gas  furnace  burning  producer  gas,  into  which  the  shell  is 
lowered  by  a  hydraulic  crane.     Here  the  temperature  is  raised 
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to  a  bright  cherry  red,  and  then  the  shell  is  carried  to  the 
corrugating  rolls,  where  in  about  five  minutes  the  work  of 
corrugating  is  completed.  These  rolls  have  the  general  ap- 
pearance of  vertical  bending  rolls,  except  that  the  rolls  are 
corrugated  instead  of  being  smooth.  Owing  to  the  rule  re- 
garding the  size  of  the  corrugations  in  the  furnaces  of  marine 
boilers,  one  set  of  rolls  is  sufficient  to  do  the  work  on  all  sizes 
of  furnaces  and  all  thicknesses  of  sheets.  The  rule,  as  adopted 
by  the  Board  of  United  States  Supervising  Inspectors  of  Steam 
Vessels,  is  that  the  corrugations  shall  have  a  pitch  of  8  in.  and 
be  1A  in.  deep,  and  the  formula  used  for  the  calculation  of 
the  thickness  and  steam  pressure  is 


14.i 


D 


X  T  =  working  pressure  in  pounds  per  square  iuch, 


in  which 


14,000  =  a  constant  ; 

T  =  thickness  in  inches  ; 

D  =  mean  diameter  in  inches. 


This  naturally  simplifies  matters  very  much  indeed,  as  there 
is  no  variation  iu  the  shape,  but  merely  an  increase  in  the 
thickness  of  the  metal  as  the  diameter  or  working  pressure  is 
increased. 


810  tubes  24  in.  external  diameter  bv  6  ft.  11  in. 

long .' 3,587     sq.ft. 

6  corrugated  furnaces 268.9  "     " 

6  combustion  chambers 372  2  "     " 

Total 4.228.1  sq.  ft. 

Total  heating  surface  for  four  boilers. . .  16,912.4  ■■    " 

The  grate  bars  are  of  cast  iron  with  side  bars  of  cast  steel 
made  to  fit  the  corrugations  of  the  furnaces,  and  with  wrousht- 
iron  bearers.  The  average  dimensions  of  the  grate  bars~are 
3  ft.  5  in.  x  6  ft.  6  in.,  which,  for  the  six  furnaces,  dves  an 
area  of  132.9  sq.  ft.,  and  for  the  four  boilers  531.6  sq.  ft. 
Comparing  this  area  with  that  of  the  healing  surface,  we  find 
that  the  ratio  between  the  two  is  as  1  to  31.8.  The  area 
through  the  tubes  is  to  the  grate  surface  as  1  to  5.9. 

All  plates,  rivets,  braces  and  slays  are  of  open-hearth  steel, 
the  tubes  also  being  of  steel.  Plates  15%  in.  thick  are  used  for 
the  shell,  which  is  built  up  of  three  courses,  each  course  being 
composed  of  two  plates.  The  heads  are  of  three  plates  riv- 
eted, as  shown  in  the  half-end  elevation  of  the  engiaving  on 
page  204.  The  upper  and  middle  plates  are  J  in.  thick,  while 
the  lower  one,  which  is  flanged  inwardly  at  the  furnaces,  is 
51  in.  thick  The  tube  sheets  are  |  in.  thick,  great  care  hav- 
ing been  taken  to  get  each  pair  accurately  parallel.     AH  of  the 
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In  order  to  get  one  of  the  rolls  through  the  shell,  it  is  lifted 
out  of  the  machine  by  a  hydraulic  lift  and  dropped  back  into 
place  when  the  shell  is  in  position.  The  machine  is  then 
started,  being  driven  by  its  own  engine.  The  corrugated  roll, 
that  was  taken  out  in  order  to  get  tire  shell  in  place,  turns  in 
immovable  bearings,  while  the  other  is  crowded  against  it  to 
produce  the  corrugations.  It  requires  about  five  minutes  to 
do  this  work.  After  the  corrugations  are  completed  any  flang- 
ing that  may  be  required  for  fastening  to  the  boiler  shell  is 
done,  after  which  it  is  annealed  and  tested  for  leakages. 
Flange  steel  having  a  tensile  strength  of  not  more  than  65,000 
lbs.  per  square  inch  of  section  is  used  for  all  corrugated  fur- 
naces. 

There  are  24  of  these  furnaces  in  the  boilers  of  the  Texas,  a 
photo-engraving  of  them  being  shown  on  page  205 

The  heating  surface  in  each  of  these  furnaces  is  44 .81  sq.  ft., 
making  268.9  sq.  ft.  for  the  six  furnaces  in  a  boiler.  The 
heating  surface  of  the  whole  boiler  may  be  divided  as  follows  : 


tube  holes  are  slightly  rounded  at  the  edges,  and  the  holes  for 
tin-  j-tav-tubes  were  tapped  in  place. 

A  reference  to  the  engraving  will  show  the  method  of  stay- 
ing above  the  tubes.  There  are  twenty -one  2*  in.  through 
braces  in  three  horizontal  rows  in  each  bouVr.  Each  row  i> 
spaced  14  in.  from  center  to  center  horizontally,  except  tin- 
outer  ones  in  the  bottom  row,  which  are  14A  in.,  the  vertical 
spacing  beintr  15  in.  The  ends  of  the  braces  are  expanded  to 
24  in  diameter,  and  are  provided  with  nuts  both  inside  and 
outside  the  boiler,  the  outer  ones  screwing  up  against  washers 
1  in.  thick  riveted  to  the  heads.  The  tube  sheets  are  also 
staved  bv  three  It  in.  braces  in  each  that  are  swelled  to  3}  in., 
and  screwed  into  them  and  further  secured  by  one  in  the  back 
tube  sheet  and  two  at  the -front,  like  the  through  lira, 
mentioned.  Finally,  there  are  two  24  in.  through  braces  be- 
tween the  furn;i 

The  stayins  of  the  combustion  chambers  is  effected  by  stay- 
bolts  1;  in.  diameter  spaced  8  in.  apart,  both  horizontally  and 
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the  furnace  joints 
In  order  to  jivoid 


vertically.     The  tops  are  further  stayed  by  bridge  braces  made 

of  two  steel   plates  /j  iii.  thick,  spaced  8  in.  apart  between 

centers      The  bottom  of  the  combustion  chamber  is  stiffened 

by  angles,  and  all  braces  are  weldless. 
'The  longitudinal  scams  of  the  shell  are  butted  with  welts  both 

inside  and  outside  jf  in.  thick  treble  riveted.     This  leaves  the 

plate  with  82  per  cent,  of  its  original  strength,  while  the  rivets, 

which  are  1J  in.  diameter,  driven  in  holes  1A  in.  diameter, 

possess  86  per  cent,  of  the  same  strength.     The  circumferen 

tial  joints  are  lapped  and  double  riveted 

and  combustion  chambers  single  riveted. 

strains  in  the  material,  the  spe- 
cifications  required    that   the 

shell    plates    should    not    be 

sheared    nearer    the    finished 

edge  than  a  distance  equal  to 

half  the  thickness  of  the  plate 

along    the    circumferential 

si  am,    nor    nearer    than    the 

thickness  along   the   longitu- 
dinal seam,  and  all  rivet  holes 

in  the  shell   were  drilled  in 

place  after  bending. 

Each  boiler  hastwoll-in.  X 

15  in.  manholes  in  each  head, 

and  a  12-in.  X  16  in.  manhole 

in  the  shell  near  the  top  of  the 

middle  section,  in  addition  to 

which  there  are  four  6-in.  X 

4  in.  hand-holes  in  each  head. 
The  boilers  are  divided  into 

four  groups,  each  in  a  separate 

water-tight  compartment, 

with   athwart  ship   fire-rooms 

entered  through  suitable  air- 
locks. 

All  of  the  external  fittings  of 

the  boilers  are  of  composition 
metal,  and  are  flanged  and 
through  riveted  or  bolted. 
Bach  boiler  has  an  internal 
bras-;  dry-pipe  8|  in.  internal 
diameter  and  No.  14  B.  W.  G. 
thick.  It  is  perforated  on  its 
upper  side  with  longitudinal 
slits  :;  iii.  long,  I  in.  wide,  and 
i  in.  between  slits.  There  are 
two  41  in.  spring  safety-valves 
on  each  shell  but  in  one  case, 
and  the  springs  of  the  same 
hare  such  a  length  that  the 
valves  can  lift  one-eighth  of 
their  diameter  at  150  lbs. 
pressure. 

Each  boiler  is  further  pro- 
vided with  zinc  protectors. 
There  an-  66  rolled  zinc  plates, 
each  8  in.  X  16  in.  X  i  in.  in 
each  boiler.  They  are  bolted 
to  wrought  iron  straps  clamped 
to  the  stays.  Each  strap  is 
filed  bright  where  it  comes  in 
contact  with  the  zinc  and  stay, 
the  latter  being  also  filed  bright 
at  tin'  contact  point.  After 
they  were  bolted  in  place  the 
outside  of  the  joints  were  made 
water  tight  by  paint  or  ce- 
ment. 

After  the  boilers  were  fin- 
ished at  the  Richmond  Loco- 
motive Works,  it  was  neces- 
sary to  construct  a  special  car 
in  order  to  transport  them  to 
a  wharf  on  the  .lames  Kiver,  whence  they  were  to  be  shipped 
to  the  Norfolk  Navy  Yard.  This  car  is  shown  in  the  en- 
graving that  is  reproduced  from  a  photograph,  and  is  on  page 
21)7.  As  there  is  a  tunnel  between  the  works  and  the  wharf 
they  were  obliged  to  make  the  car  very  low.  To  accomplish 
this  they  took  two  ordinary  diamond  trucks  and  fitted  a  frame 
composed  of  heavy  timbers  around  the  outside,  keeping  them 
down  as  low  as  possible.  Heavy  pieces  at  the  truck  bolsters 
earned  the  center  plates,  and  the  boilers  were  carried  at  the 
center. 

Closely  allied  with  the  boilers  are  the  feed-pumps,  and  those 
illustrated  were  designed  by  Mr.  Mellen  for  this  particular 
place.     Koom  is  very  precious  on  the  Texas,  and  the  pumps 


are  made  to  occupy  the  least  possible  amount  of  space.  The 
same  pattern  was  used  for  feed,  fire  and  bilge-pumps,  there 
being  12  all  told  of  the  design  illustrated.  There  is  one  in 
each  fire  room  for  main  and  auxiliary  feed-pumps.  The 
dimensions  are  : 

Diameter  of  steam  cylinders 7    in. 

"  water         "       4i  " 

Stroke 9     " 

They  are  duplex  pumps  with  cranks  set  at  right  angles,  and 
they  are  capable  of  delivering  100  galls,  of  water  per  minute 


FIRE,    BILGE  AND  FEED  PUMPS,   UNITED  STATES  BATTLESHIP  "TEXAS.' 


against  the  boiler  pressure.  At  first  it  was  intended  to  fit 
them  with  fly-wheels,  in  order  to  steady  the  motion,  but  this 
was  found  to  be  unnecessary.  The  pumps  are  so  designed 
that  the  packing  of  the  water  pistons  can  be  reached  from  the 
tops  of  the  cylinders.  The  main  feed-pumps,  which  are  in 
the  after  fire  room,  are  fed  from  the  feed  tanks  only,  but  the 
auxiliary  pumps,  located  in  the  forward  fire-room,  are  con- 
nected to  draw  from  the  sea,  feed  tank,  bilge  or  boilers  at  will, 
and  to  deliver  either  into  the  auxiliary  feed-pipe,  fire  main  or 
overboard.  As  fire  pumps  they  can  be  worked  under  a  steam 
pressuie  of  C,n  lbs.  per  square  inch.  Each  pump  has  a  breadth 
over  all  of  2  ft.  4  in.,  and  stands  1  ft.  10  in.  out  from  the  par- 
tition against  which  it  is  bolted. 
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Bt  Leopold  Kirsch. 


( Continued  from  page  163.) 


Special  Detail  Effecting  the  Contact  of  the  Points. — We  have 
said  that  the  central  eccentrics  ought  to  effect  a  contact — that 
is  to  say,  they  ought  to  bring  up  against  !he  main-rail  with- 
out causing  the  destruction  or  the  serious  wearing  of  any  im- 
portant part  whatsoever  of  the  operating  mechanism  of  the 
switch  apparatus.  Furthermore,  the  homing  of  an  eccentric 
ought  never  to  be  beyond  the  control  of  the  switchman. 
Finally,  the  final  wearing,  which  is  caused  by  this  striking  of 
a  point,  should  be  easily  and  quickly  taken  up.     We  have 


fulfilled  these  conditions  to  our  own  satisfaction  in  the  follow- 
ing way  :  In  our  eccentrics  the  two  points  are  fastened  to 
gether  by  three  connecting  tie-bars.  We  have  fastened  the 
first  o'f  these  tie  bars  to  the  operating  rod  1>y  means  of  a  fixed 
fork,  A,  and  a  pin,  B  (fig.  3).  This  pin  B  is  strong  enough  to 
guarantee  the  solidity  of  the  two  tie  bars,  which  are  fastened 
together  under  ordinary  circumstances  ;  but  it  is  not  as  strong 
as  the  other  parts  of  the  operating  mechanism,  so  that  in  case 
of  cramping  it  is  destroyed  by  shearing  without  resulting  in 
any  serious  injury  to  the  other  parts.  It  is  enough  to  have  a 
number  of  these  pins  on  hand  in  order  that  the  breakages 
which  are  thus  caused  may  be  quickly  repaired. 

In  case  of  running  through  the  points  the  operating  rod  re- 
mains motionless  while  the  connecting  bars  are  displaced  with 
the  points.  We  have  profited  by  this  fact  to  notify  the  signal- 
man of  every  case  which  occurs,  even  though  it  may  be  in  his 
immediate  neighborhood.  In  order  to  do  this,  the  connecting 
bar  carries  a  piece,  C,  in  the  form  of  a  T,  which  turns  about 
the  crossing  point  of  its  two  branches.  Two  of  these  are 
placed  parallel  to  the  connecting  bar,  and  end  in  an  eye  which 
is  fastened  to  the  end  of  a  steel  wire.  The  third  arm  "is  placed 
at  right  angles  to  the  tie  bars,  and  has  an  oblong  opening  at 
its  end,  into  which  a  button  fastened  on  the  operating  rod  can 
move.  The  two  ends  of  the  wire  or  chord,  above  referred  to, 
unite  into  one.  which  passes  over  a  pulley  and  is  fastened  to 
the  end  of  tbe  shears  E,  between  the  blades  of  which  the  trans- 
mitting wire  of  the  mechanism  passes.  When  everything  is 
working  normally  the  tie  rods  and  the  operating  bar  move  to- 
gether in  parallel  directions,  consequently  the  part  C  moves, 
but  does  not  turn  about  its  center,  and  the  end  of  the  shears 
remains  immovable.  But  if  it  strikes,  the  tie  bar  slides  over 
the  operating  bar,  the  piece  0  turns  and  pulls  upon  the  chord, 
so  that  the  shears  closes  its  jaws  and  cuts  off  the  transmitting 
wire.  Finally,  in  the  cabin  the  locking  bar  falls  and  fastens 
the  levers  which  control  (he  switch  poinls  that  have  just  been 
injured.  In  order  to  bring  the  apparatus  back  into  good  work- 
ing condition,  a  piece  of  steel  wire  of  a  given  length,  supplies 


of  which  are  kept  in  the  signal  cabins,  is  put  back  to  take  the 
place  of  that  portion  which  was  cut  off  in  the  shears. 

Special  Arrangement*  for  Temporarily  Locking  the  Point*. — 
It  is  sometimes  necessary  to  have  such  a  relationship  between 
the  signal  and  an  eccentric,  that  the  position  of  the  point  can- 
not be  changed  after  a  signal  has  been  set  to  clear  until  the 
train  has  passed  the  said  point.  It  is  especially  desirable  that 
this  should  be  done  at  small  stations  on  single-track  roads. 
The  arrangement  used  should  be  such  that  only  the  single 
opening  wire  for  the  signal  can  be  used  :  it  ought  to  be  inde- 
pendent of  the  closing  wire  of  the  signal  ;  finally,  it  ought  to 
be  brought  back  into  the  normal  position  by  the  train  or  by 
hand. 

To  satisfy  all  these  conditions  of  the  problem,  we  add  an 
operating  mechanism  to  the  eccentric  consisting  of  the  follow- 
ing parts.  On  the  horizontal  rotating  shaft  ^1  (tig.  4),  located 
at  right  angles  to  the  track  and  close  to  the  part  which  moves 
the  eccentric,  we  key  a  crank,  B,  and  a  fork,  I),  to  one  end, 
while  at  the  other  end  we  have  a  cam,  H,  which  can  move  in 
one  direction  only,  and  the  pedal  E  that  turns  freely  about 
the  shaft  A.  The  opening  wire  of  the  signal  passes  along  the 
plan  of  rotation  of  the  crank  B,  above  which  it  is  replaced  by 
an  iron  bar,  C,  carrying  a  small  tappet,  c,  which  can  only  turn 
in  one  direction.  "When  the  opening  wire  is  drawn  in  the 
direction  of  the  arrow,  the  tappet  e  engages  the  crank  .Band 
carries  it  over  into  the  position  indicated  by  the  doited  lines  ; 
when  the  wire  is  hauled  in  the  opposite  direction,  the  tappet  c 
lies  along  the  bar  which  passes  above  the  crank  B  without 
carrying  it  with  it  in  its  movement. 

The  shaft  A  is  turned  by  the  movement  of  the  crank  B  and 
raises  the  fork  D,  which  thus  locks  the  operating  portions  of 
the  point,  and  the  pedal  E  rises  until  it  occupies  the  position 
indicated  by  the  d  <tted  line.  When  the  train  reaches  the 
point  it  pushes  the  pedal  E,  the  fork  D,  and  the  crank  B  back 
into  their  original  position,  and  the  point  is  again  free.  If, 
for  any  reason,  a  signal,  which  has  been  set  to  clear,  should 
be  brought  back  to  the  danger  position  before  the  train  passes 
there  is  nothing  to  hinder  it  ;  but,  in  spite  of  the  closing  of 
the  signal,  the  point  will  be  left  locked  in  the  position  which 
it  occupied  at  the  time  the  signal  was  opened.  In  order  to 
free  it  a  man  must  go  to  the  point,  and  with  his  foot  or  hand 
push  down  the  pedal  E.  On  the  other  hand,  if  the  signal  has 
not  been  set  to  clear,  it  will  be  necessary  to  raise  the  pedal  E 
by  hand,  and  then  the  latter  will  fall  of"  itself  into  its  proper 
position,  and  the  point  will  be  free. 

Safety  Device  for  Preventing  a  Premature  Ifotement  of  the 
Point.— When  an  eccentric  is  some  distance  from  the  operat- 
ing station  or  some  obstruction  intercepts  the  line  of  sight,  it 
is  frequently  quite  difficult  for  the  signalman  to  determine 
with  certainty  whether  the  entire  train  has  cleared  the  point 
or  not.  In  cases  of  this  kind,  in  order  to  prevent  a  premature 
movement,  we  set  a  detector  bar,  A  (fig  5),  ahead  of  the  point, 
and  move  it  by  the  same  method  of  transmission  as  the  point 
itseif  is  moved.  This  bar  is  carried  by  a  number  of  larger  or 
smaller  bell  cranks  B.  turning  about  their  angle  G  ;  all  these 
bell  cranks  are  coupled  together  by  a  bar,  H ;  the  bar  can  be 
moved  from  top  down  or  from  bottom  up,  but  by  the  means 
adopted  the  movement  is  communicated  uniformly  to  all  parts 
of  the  bar  without  producing  any  dead  points.     The  center  of 


*  Bulletin  ot  the  International  Commission  of  the  Railway  Congress 
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rotation  .4,  of  one  of  the  end  bell  cranks  B.  is  extended  out 
toward  operating  mechanism  of  the  points,  and  ends  in  this 
direction  in  the  crank  D  provided  with  the  cam  E.  The 
weight  of  the  bar  A  tends  to  push  the  cam  E  up,  and  this  con- 
sequently presses  against  the  eccentric  F  that  can  describe  a 
complete  revolution,  and  which  is  rigidly  fastened  to  the  pul- 
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ley  G,  having  two  grooves  over  which  the  transmission  wire 
passes.  While  the  transmission  wire  is  doing  its  regular  work, 
the  pulley  Gand  the  cam  Fturn  on  themselves,  and  the  cam  E 
is  lowered  and  then  rises  while  the  bar  A  is  rapidly  lifted.  It 
remains  motionless  for  a  certain  length  of  time,  and  then  comes 
hark  to  its  initial  position.  The  perimeter  of  the  cam  Fis  so 
outlined  that  the  three  periods  of  movement  of  the  bar  A  corre- 
spond respectively  to  the  three  periods  of  movement  of  the 
operating  mechanism  of  the  point.     If  a  car  wheel  is  above 


any  part  of  the  bar  .4  it  cannot  rise  ;  the  cam  E,  and  conse- 
quently the  cam  F,  the  pulley  G  and  the  transmitting  wire 
are  locked  before  the  point  begins  to  move. 

By  grouping  these  different  details  it  is  possible  with  a 
single  lever  to  operate  the  point,  and  at  the  same  time  do  away 
with  every  false  motion  and  prevent  a  premature  movement 
of  the  point. 

Mechanism  for  Operating  Vie  Scmiphore  Signals. — The  ends 
of  the  two  transmitting  wires  are  fixed  respectively  to  a  point 
on  the  outside  perimeter  of  the  pulleys  A  and  B  (fig.  6),  which 
turn  freely  on  the  same  shaft,  located  at  the  foot  of  .the  mast. 
Each  of  these  pulleys  carries  a  small  central  drum  about  which 
a  wire  that  runs  up  along  the  mast  is  bent  in  a  direction  oppo- 
site to  that  of  the  transmitting  wire.  One  of  these  others  is 
attached  to  the  ends  of  the  click  lever  C.  This  click  C,  which 
can  turn  and  which  rests  freely  on  the  shaft  of  the  arm,  ends 
at  one  end  in  an  eyelet  C,  to  which  the  closing  wire  is  fast- 
ened, and  at  the  other  end  in  a  hook,  II,  over  which  a  loop  in 
the  opening  wire  is  hooked.  This  click  also  carries  a  but- 
ton, E,  which  slides  through  an  oblong  opening  made  in  the 
crank  D,  which  is  keyed  to  the  shaft  of  the  semiphore.  The 
weights  of  the  arm  and  its  counterweight  are  regulated,  so 
that  the  arm  has  a  constant  tendency  to  rise  into  the  danger 
position.  During  the  first  third  of  the  stroke  of  the  operating 
wire  the  arm  remains  motionless,  the  click  simply  turns  about 
the  shaft  of  the  arm,  and  its  button  E  moves  down  to  the  bot- 
tom of  the  slot  in  the  crank  D  ;  then  the  connections  are  made, 
the  click  lever  continues  to  turn,  while  its  button  E  draws 
the  crank  I)  down  with  it,  and  consequently  the  arm  is  also 
moved. 

Whatever  may  he  the  position  of  the  arm  at  this  moment, 
if  the  transmitting  wire  is  broken,  the  click  leaves  the  shaft 
of  the  arm  and  turns  about  the  button  E,  and  the  arm  remains 
in  or  is  automatically  drawn  up  to  the  danger  position.  Until 
the  broken  wire  is  repaired  the  arm  remains  rigidly  fastened. 
As  the  locking  bar  has  also  fallen  in  the  cabin  at  the  same 
time,  the  signalman  is  notified  of  the  injury  which  has  taken 
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place,  and  it  is  rendered  impossible  for  him  to  set  the  signals 
in  such  a  way  that  there  can  be  any  danger  whatever. 

Mechanism  for  Operating  Distanct  Signals. — Our  distance 
signals  are  composed  of  a  rectangular  disk,  fixed  upon  a  verti- 
cal mast  which  can  turn  through  an  arc  of  90°,  and  are  always 


locked  in  either  one  or  the  other  of  their  extreme  positions  by 
the  operating  mechanism.  The  latter  is  similar  in  every  par- 
ticular, even  in  its  dimensions,  to  the  operating  mechanism  of 
the  points  which  we  have  just  described  :  and  it  differs  only 
in  principle  in  certain  details  intended  to  bring  the  signal 
back  to  danger  in  case  of  the  breakage  of  either  of  the  trans- 
mitting wires.  The  rack  bar  ends  in  two  floating  levers  .1 
and  B  nig.  Ti.  which  can  turn  about  either  of  their  extremi- 
ties, and  are  fastened  to  each  other  by  the  rod  G.  The  float- 
ing lever  A  is  provided  with  an  eye  £>,  into  which  the  end  of 
the  closing  wire  is  fastened,  and  the  floating  lever  B  carries  an 
open  hoo£  E  over  which  the  loop  at  the  end  of  the  opening 
wire  is  hooked.  The  distance  of  the  eyes  from  the  points  of 
rotation  of  these  floating  levers  is  regulated,  so  that  under  nor- 
mal conditions  the  two  floating  levers  are  inclined  as  shown 
in  the  engraving.  If  the  opening  wire  Creaks  when  the  signal 
is  at  danger,  the  signal  remains  motionless  :  if,  at  the  moment 
of  rupture  the  signal  is  at  clear,  it  is  immediately  drawn  back 
to  the  danger  position. 

If  the  closing  wire  breaks,  the  two  floating  levers  A  and  B 
turn  about  their  inner  end,  and  the  eye  of  the  opening  wire 
slips  off  of  the  hook  E.  If  at  this  instant  the  signal  is  at  dan- 
ger, it  remains  there  ;  on  the  other  hand,  if  it  is  standing  at 
clear,  it  is  drawn  up  to  danger  by  the  small  counter- 
weight F.  At  the  same  time  the  signalman  is  notified  of  the 
fact  by  the  fall  of  the  locking  bar,  which  fastens  all  of  the 
levers  which  are  connected  with  this  movement. 

Expansion  Compensator.— In  order  to  put  our  transmissions 
outside  of  the  pale  of  the  influence  of  the  variations  of  temper- 
ature, we  have  had  recourse  to  an  arrangement  shown  by  the 
accompanying  fig.  8.  Each  of  the  two  transmitting  wires 
passes  over  three 
pulleys  A,  B,  C. 
The  two  pulleys  A 
and  B  turn  about 
fixed  shafts.  The 
shaft  of  the  pulley 
C  can  be  displaced 
vertically  ;  it  is 
placed  in  a  stirrup, 
which  is  constantly 
pulled  down  by  the 
counterweight  E. 
This  counterweight 
is  hung  on  the  end 
of  a  steel  chord 
which  passes  over  a 
hauling  pulley,  D, 
carried  by  the  stir- 
rup, and  whose  op- 
posite end  is  fasten- 
ed at  F.  Finally,  the 
stirrup  is  provided 
on  its  lower  side  by 
the  lateral  spurs 
//,■  it  carries  the 
pulleys  C  and  D  of 
the  two  wires  be- 
longing to  the  same 
system  of  transmis- 
sion, and  it  moves 
between  two  ver- 
tical guides  which 
are  provided  with  a 
series  of  teeth  for  the  purpose  of  checking  its  motion. 

When  it  is  at  rest  the  two  wires  have  practically  the  same 
tension,  and  the  stirrup  which  hangs  almost  vertically  can 
move  freely  between  its  two  guides  ;  the  wires  can  then 
lengthen  or  shorten  at  will.  When  a  strain  is  put  upon  one 
of  the  wires  the  equilibrium  is  broken  and  the  stirrup  is  swung 
to  the  right  or  the  left,  until  its  spur  catches  in  one  of  the 
lateral  teeth  of  its  guides.  The  stirrup  then  becomes  fixed, 
and  its  rigidity  increases  with  the  strain  that  is  put  upon  the 
wire.  By  using  a  convenient  spacing  between  the  pulleys 
A  and  .Band  varying  the  weight  of  the  counterpoise  Fmore 
or  less,  according  to  the  length  of  the  transmission,  it  is  possi- 
ble to  keep  the  wire  under  a  constant  tension,  or  at  least  to 
render  the  variations  between  the  extreme  tension  so  insignifi- 
cant as  to  be  practically  of  no  account.  This  compensator, 
although  very  light,  is  very  strong.  It  is  inexpensive  ;  its 
action  is  constant,  and  it  is  subject  to  no  disarrangement.  It 
can  be  placed  in  the  narrowest  passage  allowed  for  the  swing- 
ing of  the  wires  either  below  the  ground  or  above. 

Owing  to  the  apparatus  which  we  have  just  described,  and 
in  view  of  the  efficiency  which  has  been  demonstrated  by  am- 
ple experience,  we  believe  that  it  may  be  said  that  the  appara- 
tus used  by  the  Grand  Central  Railway  of  Belgium  furnishes 
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an  entirely  satisfactory  solution  of  the  problem  of  operating 
signals  and  points  at  a  distance  by  means  of  wire  transmis- 
sions. The  first  applications  were  made  for  small  stations  on 
single-track  lines.  In  many  of  these  small  stations  the  local 
traffic  is  insignificant.  Nevertheless,  the  increase  in  traffic 
and  the  amount  of  switching  of  trains  required  the  presence 
of  a  man  at  each  end  of  the  station  to  operate  the  entrance  sig-. 
nal  and  the  entering  points.  These  men  were  unoccupied  dur- 
ing the  greater  portion  of  the  day.  The  use  of  the  apparatus 
which  we  have  just  described  permits  the  operation  of  the 
eccentrics  for  the  switches  and  the  signals  for  entering  and 
leaving  to  be  brought  together  in  the  office  of  the  station 


Tig.  8. 


master  or  near  it,  and  their  operation  be  intrusted  to  the 
station  agent.  With  a  six-lever  apparatus,  costing  on  an 
average  about  %  1000,  it  is  possible  to  save  the  wages  of  one 
man,  besides  considerably  increasing  the  safety  of  the  « 
The  management  of  the  Grand  Central  Railway  of  Belgium 
has  also  extended  the  applications  of  the  apparatus  in  ques- 
tion, especially  in  the  stations  at  Vlodrop  and  Maestricht.  In 
the  first  case  the  signals  and  corresponding  points  were  not 
only  brought  together,  but  the  operation  of  different  eccen- 
trics were  placed  upon  a  belt-line  track  that  was  used  in  mak- 
ing up  trains. 


HYDRAULIC  BOAT  LIFTS. 


Br  G.  Braet. 


It  is  well  known  that  locks  as  ordinarily  constructed  have 
two  very  serious  disadvantages — namely,  the  slight  difference 
in  level  possible  between  the  two  sections  of  the  canal  and  the 
large  consumption  of  water.  These  disadvantages  are  espe- 
cially felt  where  it  is  necessary  to  have  a  very  considerable 
difference  in  level  in  a  short  length,  and  where  water  is  fre- 
quently lacking  for  feeding  the  locks  and  thus  raising  or  low- 
ering boats  from  one  level  to  the  other.  The  engineers  of 
bridges  and  highways  in  France  have  been  compelled,  in  cer- 
tain instances  that  were  particularly  difficult,  to  resort  to  other 
means,  and  have  designed  machinery  for  transferring  boats 
from  the  upper  level  to  the  lower  level  and  back  again  in 
some  other  manner  than  by  that  of  locks — that  is  to  say,  in 
some  other  way  than  by  allowing  the  boats  to  settle  down  by 
lowering  the  level  of  the  water.  Up  to  a  very  recent  period 
it  was  only  in  America,  Germany,  England  and  France  that 
systems  of  this  kind  have  been  adopted  in  any  way.  In 
America  on  the  Morris  Canal,  and  on  the  Continent  of  Europe 
in  the  Prussian  Oberland  on  the  right  bank  of  the  Vistula, 
boats  have  been  raised  on  a  car  moving  up  an  inclined  plane. 
In  Scotland,  on  the  Mouckland  Canal  at  Black  Hill,  boats  have 
also  been  raised,  in  a  cradle  on  wheels,  up  an  incliued  plane. 

A  later  system,  built  after  the  plans  of  the  well-known  Eng- 
lish engineers,  L.  &  E.  Clark  and  G.  Standfield,  and  which  in 
our  opinion  is  fully  as  well  designed  and  no  less  practical,  has 
been  built  near  Nortwich  at  Anderton  in  Cheshire,  England. 


It  consists  of  a  cradle  wherein  the  boat  is  lifted  perpendicu- 
larly by  a  piston  driven  by  water  power. 

The  same  system  of  Clark  lifts,  similar  to  those  of  Stand- 
field,  was  adopted  in  1S82  in  France,  at  Fontinettes,  in  the 
Department  of  the  Xorth,  on  the  Xaufosse  Canal,  effecting  a 
communication  between  the  port  of  the  Pas  de  Calais  with 
Lille  and  Belgium  on  one  hand,  and  Paris  and  the  basin  of  the 
Seine  on  the  other. 

In  1888,  and  we  think  this  is  the  most  recent  application 
which  has  been  made  of  this  kind  of  installation,  the  Central 
Canal  in  Belgium,  which  connects  the  canal  from  Charleroy 
to  Brussels  with  the  canal  running  from  Mons  to  Conde,  has 
also  been  provided  with  hydraulic  lifts  for  boats  built  after 
the  Anderton  type,  but  slightly  modified  in  certain  details. 

Let  us  see,  then,  of  wh.it  the  lift  or  hydraulic  elevator  de- 
signed by  Messrs.  Clark  and  Standfield  consists.  This  installa- 
tion practically  includes  two  cradles,  kind  of  immense  rec- 
tangular basins  full  of  water,  tight  at  the  sides  and  closed  at  the 
ends  by  very  tight  gates,  so  that  no  water  can  escape.  Each 
of  these  cradles  or  basins  is  carried  at  its  center  by  a  piston 
which  moves  in  a  large  cylinder.  The  two  presses  are  con- 
nected in  such  a  manner  that  the  two  cradles  hold  each  other 
in  equilibrium.  When  a  communication  is  opened  between 
the  two  by  means  of  a  pipe  provided  with  a  cut-off  valve,  the 
two  cradles  can  be  alternately  raised  or  lowered  to  the  top  or 
bottom  level.  In  order  to  accomplish  this  the  upper  cradle  is 
loaded,  and  the  actual  method  of  doing  this  is  to  put  more 
water  in  so  that  it  thus  becomes  the  heavier,  breaks  the  equilib- 
rium, and  descends  to  the  lower  level,  driving  the  other  cradle 
at  the  same  time  to  the  upper  level.  The  elevators  are  thus 
operated  like  an  immense  Roberval  balance,  whose  platforms 
are  these  metallic  cradles. 

At  Anderton  the  dimensions  of  the  cradles  are  as  follows  : 
Length,  75  ft.;  breadth,  15  ft.  84  in.:  depth,  6  ft.  14  in.  When 
the  cradles  are  at  the  lower  end  of  their  stroke  they  are  im- 
mersed in  the  lower  lock.  At  the  upper  end  they  abut  against 
a  metallic  aqueduct  against  the  face  of  which  a  round  piece 
of  rubber  is  fastened  having  a  diameter  of  3  in.  The  rising 
cradle  comes  up  against  this  rubber,  compressing  it,  and  thus 
forming  a  tight  joint.  The  pistons  of  the  cradles  are  made  of 
cast  iron,  and  the  hydraulic  cylinders  in  which  they  move  are 
of  the  same  material.  The  weight  of  the  contained  water  is 
about  240  tons.  At  the  two  ends  of  the  cradles  the  iron  gates 
slide  in  vertical  grooves  and  rest  against  a  rubber  packing  by 
which  the  tightness  of  the  basin  is  obtained.  In  order  to  pre- 
vent the  cradles  from  turning  they  are  guided  in  their  vertical 
movement  at  the  four  corners  by  cast-iron  shoes  sliding  against 
columns  of  the  same  material. 

The  lift  at  Anderton  was  put  into  service  in  July,  1S79,  and 
worked  regularly  up  to  April  18,  1882,  at  which  time  it  was 
accidentally  disabled  by  the  breakage  of  one  of  the  cast-iron 
cylinders,  an  accident  which  was  soon  repaired.  The  fracture 
that  occurred,  as  was  shown  by  an  examination  of  the  cylinder 
after  the  accident,  was  due  to  the  bad  quality  of  the  cast  iron 
and  to  the  fact  that  the  foundations  at  the  bottom  of  the  cyl- 
inder were  made  of  soft  wood  that  had  crushed  in,  thus  de- 
veloping strains  in  the  metal.  After  the  necessary  repairs  had 
been  made  it  is  reported  that  the  lift  at  Anderton  continued 
to  give  very  good  results  in  service. 

Messrs.  Clark  &  Standfield  have  furthermore  perfected  their 
system  by  doing  away  with  the  immersion  of  the  descending 
cradle  info  the  lower  lock,  by  causing  it  to  descend  into  a  dry 
basin,  and  by  balancing  the  two  cradles  in  their  every  position 
by  means  of  compensators.  The  expense  of  the  construction 
of  the  Anderton  lift  was  : 

Metallic  portions $139,8 

Foundations  and  masonry 90,060 

Total (239,900 

The  time  for  lifting  a  boat  with  the  Anderton  lift  is  about 
eight  minutes,  and  it  requires  one  hour  and  30  minutes  at 
Rounton,  near  Anderton,  to  pass  over  the  same  difference  in 
level  by  means  of  locks. 

At  Fontinettes,  in  the  Department  of  the  North  of  France, 
where  the  difference  in  level  is  43  ft.  Si  in.,  the  descending 
cradle  drops  into  a  dry  basin,  and  the  two  cradles  are  held  in 
equilibrium  by  means  of  compensators.  The  dimensions  of 
these  cradles  are  as  follows  :  Length.  132  ft.  101  in.;  breadth, 
18  ft.  44  in. :  depth  of  water,  6  ft.  6}  In. 

The  dry  joint  between  the  aqueduct  and  the  end  of  the 
cradle  is  obtained  by  means  of  a  kind  of  rubber  bolster  fast- 
ened to  the  face  of  the  aqueduct,  and  which  is  inflated  by 
means  of  compressed  air,  thus  closing  the  joint  between  the 
cradle  and  the  aqueduct.  The  gates  at  the  end  of  the  cradle 
are  raised  vertically  by  hydraulic  presses  which  give  them  a 
very  rapid  movement.     The  danger  of  using  cast  iron  for  the 
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manufacture  of  the  presses  having  been  brought  into  notice 
by  the  AudiTtou  accident,  the  Fontinettes  presses  arc  111:11  it •  of 
rolled  steel.  The  cylinder  is  formed  of  rings  rolled  without 
any  weld  oi  a  rectangular  section,  having  a  thickness  of  2.2  in. 
and  a  height  oi  5  5  in.  The  rings  are  let  into  one  another  for 
li  df  their  thickness  by  a  joint  .2  in.  in  height.  The  ties  con- 
necting the  upper  ami  lower  sections  are  made  of  hammered 
east  steel.  The  steel  used  for  the  manufacture  of  the  sections 
has  a  tensile  strength  of  85,300  '.Us.  per  square  inch,  and  has 
an  elongation  at  the  point  of  rupture  of  12  per  cent.  In  order 
to  make  sure  that  the  tightness  of  the  press  is  as  perfect  as 
p  issible,  an  internal  lining  of  copper  lias  been  put  in  that  has 
a  thickness  of  .1  in.  and  is  made  of  a  single  piece.  This  sys- 
tem of  elevator  is  very  expensive,  rising  to  a  total  of  $210,000, 
which  may  be  itemized  as  follows:  $130,000  for  the  metallic 
portions  and  $90,000  for  the  foundations  and  miuonry. 

According  to  the  reports  the  time  of  passage  of  boats  at 
Fontinettes  is  not  more  than  about  l!l  minutes  by  the  lift,  while 
previously  it  was  one  hour,  49  minutes  when  done  by  means 
of  five  locks.  The  saving  in  time  thus  realized  is,  therefore, 
a  very  important  one. 

In  Belgium,  on  the  Central  Canal  at  Louviere,  the  difference 
in  level  overcome  by  means  of  hydraulic  lifts  is  about  217  ft. 
2  in.  in  a  distance  of  5  miles.  Of  these  lifts,  of  which  there 
are  four,  and  which  have  a  capacity  of  lifting  boats  of  about 
390  tons  capacity,  three  have  a  possible  height  of  fall  of  55  ft. 
6.5  in.,  and  the  fourth  has  a  height  of  fall  of  68  ft  7}  in.  The 
cradles  have  a  length  of  1-12  ft.,  a  breadth  of  19  ft.,  and  a 
depth  of  water  of  7  ft.  10|  in.  They  are  guided  in  their  verti- 
cal movement  independently  of  the  center  guiding,  by  metallic 
columns  bound  together  by  means  of  handsome  foot-bridges 
that  give  it  great  strength  in  all  directions.  The  pistons, 
which  are  of  cast  iron,  as  in  the  other  lifts,  have  a  total  height 
of  04  ft.,  a  thickness  of  3  in  ,  and  an  external  diameter  of  6  ft. 
0j  in.  The  total  weight  of  each  of  them,  including  the  bead, 
is  is:,  Ion  lbs.  As  for  the  cylinders,  they  differ  from  the  lifts 
at  Anderton  and  Fontinettes,  in  that  they  have  an  internal 
diameter  of  G  ft.  0  in.,  and  ate  composed  of  nine  cast  rings 
with  a  height  of  (i  ft.  101  in.  and  a  thickness  of  4  in.,  with  steel 
hoops  having  a  thickness  of  3|  in. 

These  hoops  are  placed  over  the  joints  hot,  and  have  a  thick- 
ness of  2  in.,  a  height  of  0  in.  The  steel  of  which  they  are 
made  has  a  tensile  strength  of  04.000  lbs.  per  square  inch, 
showing  an  elongation  of  20  per  cent,  at  the  point  of  rupture. 

The  cylinders  rest  on  a  timber  foundation  having  a  diameter 
of  II!  ft.,  which  rests  on  a  foundation  of  broken  stone  and 
cement.  The  gales  at  the  top  and  bottom  of  the  cradles  are 
raised  vertically  by  means  of  chains  driven  by  special  tur- 
bines. The  tightness  of  the  joint  between  the  cradle  and  the 
aqueduct  and  the  metallic  canal  at  the  bottom  is  obtained  by 
means  ol  metallic  joints  with  rubber  packing,  which  press  up 
against  the  ends  of  the  cradles,  and  are  moved  parallel  to  each 
other  in  inclined  planes  by  means  of  hydraulic  presses.  Tin- 
packing  at  the  bottom  rises  to  form  the  tight  joint,  while  that 
at  the  top  drops.  In  case  of  accident,  or  when  it  is  necessary 
to  repair  a  cradle,  the  other  can  work  independently.  In 
order  to  do  this  two  turbines  of  Oil  11.1'.  each  pump  water  into 
an  accumulatoi  undei  a  pressure  of  40  atmospheres,  and  this 
drives  the  piston  of  the  lift. 

The  metallic  portion  of  the  lift  at  Louviere  cost  $163,400  :  the 
foundations  and  masonry  cost  $76,000.  The  total  length  of 
time  required  for  the  passage  of  a  boat,  both  raising  and  low- 
ering, averages  eight  minutes.  The  system  which  it  replaces 
at  Louviere  had  live  ordinary  locks,  and  consequently  it  is 
rea  lily  seen  that  a  very  great  saving  of  time  is  obtained. 

The  preceding  descriptions  are,  for  the  most  part,  taken 
from  a  paper  on  "  Hydraulic  Lifts  for  Boats,"  by  .Mr.  Cll. 
Freson,  Engineer  of  the  Societe  Cockerill,  and  published  in 
the  Moniteur  det  interitt  Mat&riel. 


THE  RAM,  IN  ACTION  AND  IN  ACCIDENT. 


A  PAPER  was  read,  recently,  by    Mr.    W.    Laird   Clowes,  at 

the  Royal  United  Service  Institution  in  London,  of  which  the 

Time*  gave  the  billowing  report  : 

1  have  heard  naval  officers,  of  all  ranks  from  the  lowest 
to  the  hi  u  li<'-r ,  and  in  this  theater  as  well  as  elsewhere,  express 
themselves  in  very  sanguine  tones  concerning  the  future  of 
the  ram  in  naval  warfare.  I  do  not  by  any  means  intend  lo 
imply  that  all  naval  officers  appear  to  believe  to  the  same-ex- 
tent in  the  efficacy  of  this  weapon.  Hut  I  have  known  many, 
and  among  them  officers  of  great  experience  at  sea,  who  by 
their  utterances  BUggesI  that,  given  slight  superiority  of  speed 
and  good  handling,  one  ship  can,  without  much  difficulty,  be 
made  to  ram  another,  even  when  the  other  is  under  full' con- 
trol and  has  plenty  of  sea  room  in  which  to  manoeuvre.     This 


view  of  the  capabilities  of  (he  ram  lias  always,  though  in  a 
loose  and  vague  kind  of  way.  been  widely  held  ;  and  I  ven- 
ture to  think  that  the  number  of  those  who  hold  it  has  in- 
creased  of  late,  and  especially  since  last  June,  when  the  coun- 
try had  to  lament  the  terrible  and  dramatic  fate  of  the  Vie- 
toria,  and  of  so  many  of  her  gallant  officers  and  men.  But, 
recollecting  as  I  do  that  naval  officers  and  practical  men  have 
but  little  leisure  for  the  study  of  the  past,  I  am  encouraged 
to  lav  before  them  a  number  of  facts  which  I  have  assembled. 
ami.  with  all  deference,  to  indicate  certain  conclusions  which 
those  facts  seem  to  force  upon  the  mind  of  a  very  devoted, 
and  I  trust  wholly  unprejudiced,  student  of  recent,  as. well  as 
of  ancient,  naval  history.  I  have  made  a  detailed  list  of  74 
cases  of  attempted  ramming  in  what  may  be  called  modern 
naval  warfare.  1  have  included  here  all  the  cases,  since  the 
outbreak  of  the  American  AVar  of  Secession,  on  which  I  have 
been  able  to  lay  my  hand.  The  list  must  not,  therefore,  be 
regarded  as  a  list  of  selected  examples.  No  doubt  I  have 
omitted  some  cases,  but  I  have  intentionally  omitted  none. 
The  following  summaries  of  the  results  to  would-be  rammer 
and  intended  rammed  in  the  74  examples  tire,  I  think,  very 
suggestive.  The  results,  so  far  as  the  ships  intended  to  be 
rammed  are  concerned,  were  : 


Previous  situation  of 

Total 
11  amber 

of  cases 

Effect  upon  the  ship  a'teinptcd 
rammed. 

0  be 

th-'  ship  attempted  to 
he  lammed. 

Nil. 

Slightly 
damaged. 

Seriously 
damaged. 

Dis 
abled. 

Sunk. 

Under  steam  with  sea- 
I'niter  r-team  in  narrow 

32 

33 
■1 

6 

•.'0 

9 

1 

5 
9 

'4 

1 

3 
1 

2 

9 
2 
2 

74 

36 

18                  5 

8 

13 

The  results,  so  far  as  the  ships  ramming  :uc 

concerned,  were 

Effect  upon  the  ship  attempting  to  ram. 

Nil. 

Slightly 
damaged. 

Seriously 
damaged. 

Disabled 

nun 
afibore) 

Sunk. 

Total  number  of  case-,  71   , 

56 

13 

3 

1 

1 

It  will  be  observed  that  in  42  out  of  the  whole  number  of  74 
cited  attempts  at  ramming,  damage  of  some  kind  or  other  was 
done  to  one  or  both  ships.  In  24  of  these  42  cases  of  effectual 
collision,  the  ramming  ship  received  no  damage  worth  men- 
tioning ;  but  in  seven  eases  the  ramming  ship  did  herself  about- 
as  much  harm  as  she  did  to  her  opponent  ;  and  in  seven  other 
cases  she  injured  herself  even  more  severely  than  she  injured 
her  enemy.  In  no  case  did  both  rammer  and  rammed  sink. 
All  these  cases  occurred,  of  course,  before  the  automobile  tor- 
pedo had  developed  into  anything  like  a  perfect  weapon,  and 
most  of  them  before  the  introduction  of  heavy  breech-loading 
and  light  quick  firing  guns.  The  obvious  conclusions  are 
somewhat  remarkable.  One  is  that,  if  two  ships  have  sea 
room  and  be  fully  under  control,  it,  is  actually  more  dangerous 
to  try  to  employ  than  to  try  to  escape  the  ram,  and  that,  under 
these  conditions,  it  is  practically  hopeless  to  dream  of  ramming 
effectively,  since  there  is  no  recorded  case  of  the  operation 
having  been  performed,  although  it  has  been  attempted  at 
least  82  times.  Another  is  that  in  such  circumstances  the 
rammer  Stands  about  the  same  chance  as  the  rammed  does  of 
sustaining  non-fatal  injuries.  Another  is  that  the  risks  at- 
tendant upon  ramming  are  the  same  whether  the  attempt  be 
made  at  sea  or  in  narrow  waters.  To  what  extent,  it  may  be 
pertinent  to  ask,  has  the  value  of  the  ram  as  an  offensive 
weapon  been  modified  by  the  progress  of  the  last  15 years? 
Will  captains  be  mure  willing  or  will  they  be  less  willing  to 
use  it  now,  when  the  nearer  they  approach  to  the  foe  the  more 
fatal  will  be  the  foe's  quick  firing  artillery,  and  when,  at  any 
range  up  to  sun  yds.,  the  effects  of  a  torpedo  arc  to  be  feared  ? 
And  why  should  captains  attempt  to  employ  the  ram  at  all 
when  a  torpedo,  which  is  far  less  easy  to  avoid,  and  the  use 
of  which  involves  little  or  no  risk  to  the  user,  will  do  all  that 
is  necessary  ?  It  may  be  granted  that,  having  first  disabled 
his  enemy  by  gun  lire,  a  captain  may  ram  with  a  reasonable 
probability  of  success  ;  but  in  doing  so  he  not  only  risks  dam- 
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aging  his  own  ship,  encountering  torpedoes,  and  bringing 
about  needless  loss  of  life,  but  adopts  a  course  that  leaves 
comparatively  little  chance  that  the  enemy,  which  by  other 
anion  might  be  reduced  and  taken,  will  ever  be  added  to  the 
effective  sea  forces  of  his  own  country.  And,  after  all,  a  tri- 
umph is  only  half  a  triumph  unless  there  be  something  to  show 
for  it.  One  of  the  few  things  that  would  go  toward  recon- 
ciling Great  Britain  to  the  agonies  of  a  naval  war  would  be 
the  occasional  spectacle  of  a  foreign  battleship  brought  into 
Spithead  or  Plymouth  Sound,  with  the  white  ensign  blowing 
out  above  the  other  flag.  That  is  a  sight  which  would  ani- 
mate the  whole  Empire,  even  in  its  hours  of  misery.  If  only 
on  these  grounds  it  seems  unwise  to  destroy  your  foe  when 
peradventure  you  can  take  him  alive.  And  it  is  scarcely  con- 
ceivable that  a  disabled  vessel  cannot  be  reduced  and  made  to 
strike  by  the  combined  influence  of  gun-fire  and  the  threat  of 
the  torpedo.  I  have  cited  74  examples  of  the  intentional  em- 
ployment of  the  ram.  In  those  cases  it  has  in  one  way  or  an- 
other brought  about  the  loss  of  15  ships  only,  including  those 
which  perished  by  their  own  act.  But  the  ram  unintention- 
ally employed,  both  in  action  and  in  peace-time,  has,  I  am 
afraid,  been  much  more  fatal.  To  my  mind,  if  I  may  intrude 
an  opinion  by  way  of  making  an  end,  the  main  lessons  of  the 
past  on  the  subject  indicate — first,  that  to  endeavor  to  effec- 
tively ram  a  ship  that  has  sea  room  and  that  is  under  control 
is  hopeless,  even  if  she  be  of  greatly  inferior  speed  ;  secondly, 
that  a  vessel  that  cannot  be  sacrificed  ought  never  to  be  de- 
liberately employed  as  a  ram  ;  and,  thirdly,  that  for  ramming 
purposes  a  little  ship  is  quite  as  good  as  a  big  one.  Whether 
or  not  this  last  deduction  points  to  the  fact  that,  with  a  view 
to  certain  eventualities,  this  country  would  do  well  to  build  a 
few  fast  small  craft  intended  for  ramming  only  and  of  no 
particular  value,  I  will  not  presume  to  say.  But  upon  that 
point  I  am  specially  desirous  to  learn  the  views  of  those  who 
are  competent  to  speak  about  it. 

"  The  discussion  was  opened  by  Admiral  Nicholson,  who 
said  that  the  results  of  Mr.  Clowes's  investigations  must  have 
been  somewhat  of  a  surprise.  The  question  of  the  efficiency' 
of  the  ram  was  somewhat  late,  for  the  rulers  of  our  own  and 
every  other  navy  had  supplied  almost  all  their  ships  with 
rams.  To  what  use  ought  they  to  be  put  ?  The  ram  must 
be  looked  upon  as  a  last  resort,  and  he  doubted  whether  in 
action  the  ram  would  ever  be  satisfactory.  Excess  of  speed 
and  also  great  facility  of  turning  were  required  for  the  ram 
to  be  efficient.  These  two  qualifications  were  rarely  com- 
bined. In  the  battle  of  Lissa  there  were  seven  intentional  at- 
tempts to  ram.  When  the  bow  of  a  ship  was  on  the  broadside 
of  the  enemy  there  was  no  alternative  but  to  ram.  Were 
naval  officers  content  with  the  rams  of  their  ships  ?  The  ex- 
perience of  the  Victoria  and  the  narrow  escape  of  the  ('«////)<;■- 
down  were  grave  object  lessons.  He  would  suggest  that  the 
rams  should  he  so  finely  and  strongly  constructed  as  to  lessen 
as  much  as  possible  the  dangers  to  which  experience  showed 
them  to  be  exposed,  or  that  the  rams  should  be  separable  from 
the  rest  of  the  ship,  or  that  the  existing  rams  should  be 
strengthened  so  as  to  make  their  use  less  dangerous  than  it 
now  was. 

"  Lieutenant  Baden-Powell,  R.N.H.,  thought  if  the  rain  was 
so  constructed  as  to  drop  olT  grave  danger  would  be  incurred 
if  the  ram  did  not  fall  olT.  His  view  was  that  the  ram  should 
be  so  strong  as  not  to  be  torn  or  bent  or  twisted  by  the  impact. 
His  experience  in  the  Admiralty  Court  confirmed  him  in  tin- 
opinion  of  the  necessity  of  water-tight  bulkheads.  Hundreds 
of  ships  were  by  these  bulkheads  enabled  to  get  to  port,  when 
their  bows  were  completely  crushed.  The  question  was  one 
of  construction. 

"  Admiral  Boys  knew  something  of  the  Camperdown,  on 
which  he  had  a  son.  The  danger  in  that  case  was  not  due  to 
her  ram,  which  was  uninjured,  but  from  the  water  tight  doors 
not  being  closed  in  time.  He  did  not  believe  in  the  possibility 
of  a  removable  ram  which  should  not  cause  weakness  to  the 
ship. 

"  The  Chairman  said  that  if  he  had  his  way  there  should  be 
no  rams,  but  a  straight  up-and-down  stem.  He  agreed  also 
with  all  that  Air.  Baden-Powell  had  said.  The  Arizona's  run- 
ning into  an  iceberg  with  impunity  was  instructive.  If  she 
had  been  going  8  knots  instead  of  15  she  would  have  been 
wrecked.  The  moral  was,  if  you  ram  go  as  fast  as  possible. 
The  result  of  the  tables  in  the  paper  was  >'ery  curious  and  in- 
structive. It  was  strange  to  find  that  with  ample  sea  room 
the  rammer  was  in  greater  danger  than  the  rammed. 

"  Mr.  Arnold-Forster,  M.P.,  thought  that  ramming  should 
be  confined  to  specially  designed  ships.  Many  of  the  cases 
cited  by  Mr.  Clowes  were  cases  of  wooden  ships,  lie  had 
tried  to  get  the  views  of  mathematicians  as  to  angles  and  rela- 
tive positions  of  the  two  ships,  but  had  never  received  a  satis- 
factory answer.     The  class  of  materials  used  for  the  ram  was 


an  element  in  the  calculation.  But  he  did  not  think  the  rec- 
ord against  the  ram  was  so  serious  as  the  lecturer  made  out. 
The  case  of  the  Arizona  was  much  in  point,  The  ship  went 
on  steaming  after  the  collision  for  several  hundred  miles.  He 
remembered,  too,  the  case  of  the  Northampton  ;  the  rammer 
escaped  unhurt.  The  Grosser  Kurfiirst  and  other  examples 
were  also  in  favor  of  the  ram.  Ramming  was  no  new  thing, 
but  was  well  known  to  the  Romans  and  to  our  own  seamen 
and  those  of  Venice  in  the  Middle  Ages.  The  damage  to  the 
Camperdown  was  done  above  the  ram.  She  did  not  strike  the 
Victoria  with  the  ram  alone,  but  the  forward  part  became 
entangled  with  the  armament  on  the  Victoria.  lie  did  not 
believe  in  the  form  of  ram-bow.  The  Trafalgar  was  rammed 
the  other  day  by  a  torpedo,  and  had  at  once  to  seek  refuge  in 
dock.  He  agreed  with  the  lecturer  that  where  we  had  great 
ships  with  great  guns  the  ram  must  not  be  prematurely  used. 
The  most  powerful  ship  w7as  helpless  before  a  torpedo.  No 
naval  officer  would  hesitate  to  say  that  ships  like  the  Poly- 
pliemus  were  almost  as  formidable  a  weapon  in  war  as  can  be 
conceived.  The  ram  ought  not  to  be  discarded,  but  employed 
under  proper  scientific  conditions.  In  their  present  form 
many  of  our  ships  with  rams  were  quite  unfitted  to  act  as 
ramming  ships. 

"  Admiral  Boys  did  not  agree  that  a  large  vessel  struck  by 
a  torpedo  would  necessarily  lie  destroyed. 

"  Mr.  Arnold-Forster  admitted  that  he  had  somewhat  over- 
stated the  case. 

"  Captain  Barclay  said  the  safest  course  for  a  vessel  attacked 
by  a  torpedo  was  to  be  going  for  the  enemy  full  speed.  In 
those  conditions  the  torpedo  was  apt  to  glance  on  one  side. 
He  had  seen  this  result  in  the  case  of  the  Polyphemus  in  1886. 

"  Mr.  Laird  Clowes,  in  reply,  said  that  the  latest  battleship 
built  in  France — the  Brennus — had  no  ram.  He  had  intended 
to  deal  with  the  accidental  use  of  the  ram,  but  found  it  im- 
possible to  do  so  within  due  limits.  The  Merrimac  did  actually 
drop  her  ram,  but  was  not  prevented  from  afterward  meeting 
the  Monitor.  The  question  whether  ramming  should  be  at 
full  speed  or  not  was  one  worthy  of  consideration.  The  mod- 
ern school  was  in  favor  of  it,  but  some  years  ago  the  idea 
would  have  been  scouted.  Mr.  Arnold-Forster's  citation  of 
accidental  ramming  was  scarcely  to  the  point.  The  circum- 
stances of  such  accidents  were  widely  different  from  what 
would  prevail  in  action.  His  conclusions  were,  first,  that  at- 
tempted ramming  was  not  dangerous  to  the  vessel  attacked 
when  there  was  plenty  of  sea  room  and  the  latter  vessel  was 
under  control  ;  second,  that  it  was  always  dangerous  to  the 
ramming  ship  and  sometimes  to  its  enemy  in  narrow  waters  ; 
third,  where  the  ship  rammed  is  not  under  control,  the  opera- 
tion is  not  only  dangerous,  but  unnecessary,  as  the  proper 
course  would  be  to  capture  the  helpless  enemy  ;  fourth,  acci- 
dental ramming  is  exceedingly  dangerous,  and  the  ram  was  in 
fact  a  weapon  more  dangerous  in  peace  than  in  war  ;  fifth, 
mere  superiority  in  speed  would  not  insure  success  to  the  at- 
tacking ship  ;  and  sixth,  it  was  important  to  bear  in  mind  that 
foreign  countries  were  building  vessels  with  the  special  object 
of  using  the  rain." 


STEAM  STEERING  GEAR. 


A  steam  steering  gear  which  is  very  easily  operated  and 
very  successful  is  now  being  manufactured  by  Wickes 
Brothers,  of  East  Saginaw,  Mich.  It  was  designed  by  their 
mechanical  engineer,  Mr.  neyde,  for  use  on  one  of  the  tugs  in 
the  Saginaw  Kiver,  but  has  since  been  applied  to  other  ves- 
sels, and  will  probably  find  an  application  on  many  of  the 
larger  steamers.  By  an  examination  of  the  engravings  the 
construction  and  arrangements  of  the  mechanism  will  he  very 
readily  understood. 

The  wheel  in  the  wheel  house  carries  on  its  shaft,  between 
the  supporting-post  and  the  outer  wall,  a  miter  gear  which 
meshes  in  with  anothei  gear  on  a  vertical  shaft  that  extends 
down  to  a  point  below  the  deck  wdiere  the  steam  steering  gear 
is  located.  The  lower  end  of  this  shaft  carries  a  small  clutch, 
and  below  it  a  spur  pinion,  which  is  loose  on  the  shaft,  and  is 
furnished  with  a  clutch  meshing  in  witli  the  one  already  men- 
tioned. Still  further  below  this  there  is  another  pinion  of  the 
same  diameter  as  the  first,  but  keyed  rigidly  to  the  shaft. 
The  sheaves,  over  which  the  tiller  chains  are  run,  are  carried 
in  a  strap  bolted  rigidly  to  the  piston-rod,  and  these  chains,  as 
will  l>e  seen  by  reference  to  the  engraving,  are  so  arranged 
that,  for  every  foot  of  motion  of  the  piston-rod  2  ft.  of  tiller 
chain  are  either  slackened  off  or  taken  in.  Over  the  top  of 
ths  cylinder  there  are  two  racks,  one  of  which  is  movable  and 
the  other  is  rigidly  fastened  to  a  stem  carried  by  the  strap  of 
the  tiller  sheaves,  and  which  moves  backward  and  forward 
with  these  sheaves.     These  racks  have  teeth,  each  the  width 
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of  the  pinions  already  referred  to  as  being  upon  the  vertical 
shaft,  but  the  top  edge  of  the  movable  rack  is  on  a  line  with 
the  lower  edge  of  the  rack  attached  to  the  piston-rod,  so  that 
the  loose  clutch  pinion  meshes  in  with  the  rack  attached  to 
the  sheaves,  while  the  pinion  that  is  rigidly  keyed  to  the  shaft 
meshes  in  with  the  movable  rack. 

The  valve  is  a  piston  valve  especially  designed  by  Mr.  Heyde, 
and  detailed  illustrations  of  which  we  will  publish  in  a  future 
issue,  in  connection  with  engines  built  by  the  same  firm.  In 
this  instance  this  piston  val  ve  takes  steam  at  the  center  and 
exhausts  at  the  ends,  so  that  the  motion  of  the  valve  for  ad- 
mission of  steam  is  contrary  to  that  of  the  ordinary  D-valve. 
being  in  a  direction  opposite  to  that  which  it  is  proposed  that 
the  piston  shall  move.  The  valve-stem  is  moved  by  a  rocker 
arm  that  is  pivoted  at  one  side  of  the  cylinder,  and  at  its  cen- 
tral point  carries  a  pinion  that  has  a  depth  sufficient  to  mesh 
in  with  both  a  movable  rack  and  the  one  attached  to  the  pis- 
ton-rod. If,  then,  the  wheels  turn  so  that  the  shaft  turns  in 
the  direction  of  the  motion  of  the  hands  of  a  watch  as  looking 
at  it  on  the  plan,  it  will  be  seen  that  the  first  motion  is  that 
the  lower  pinion  keyed  to  the  shaft  will  turn  the  movable 
rack  to  the  right.     As  the  piston  is  practically  rigidly  fixed  in 


of  the  cylinder,  and  thus  locks  the  piston  so^that  the  motion 
is  comparatively  slight.  If  it  is  desired  to  run  the  tiller  hard 
over  in  either  direction,  it  is  simply  necessary  to  keep  the 
wheel  revolving,  so  that  the  motion  of  the  movable  rack  coun- 
teracts that  of  the  rack  fastened  to  the  piston.  YVfien  this  is 
done  the  pinion  on  the  rocker  arm  merely  revolves  and  the 
valve  remains  in  the  open  position,  to  which  it  was  carried  by 
the  first  motion  of  this  rack. 

It  is  impossible  to  give  an  idea  of  the  delicacy  of  the  adjust- 
ment of  this  'apparatus  without  an  actual  inspection  of  the 
machine  at  work.  It  will  readily  be  seen,  of  course,  that  the 
power  required  at  the  wheel  is  almost  infinitesimally  smaH, 
there  being  no  strain  in  any  way,  except  to  move  a  perfectly 
balanced  piston-valve,  and  with  the  leverage  given  this  is  of 
course  almost  imperceptible. 

An  indicator  in  the  wheel-house  shows  the  position  of  the 
tiller  at  all  times.  Various  sizes  are  made  for  steamers  of 
different  lengths,  but  owing  to  the  delicacy  of  adjustments 
and  the  direct  action  obtained,  together  with  the  multiplica- 
tion of  the  power  on  the  cylinder,  these  cylinders  are  very 
much  smaller  than  those  ordinarily  used  for  steam  steering 
gears. 
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its  position,  the  rack  fastened  to  it  is  also  stationary.  There- 
fore, as  the  movable  rack  is  carried  to  the  right,  it  turns  the 
pinion  on  the  rocker  shaft  and  also  carries  this  rocker-shaft  to 
the  right.  The  valve  taking  steam  at  the  center  position 
opens  the  port  at  the  right-hand  side  and  admits  steam  to  the 
right-hand  end  of  the  cylinder.  This  opens  the  exhaust  from 
the  other  end  and  carries  the  piston  to  the  left.  The  first 
movement  of  the  piston  is  to  draw  in  the  tiller  chains,  and  at 
the  same  time  it  turns  the  loose  pinion  on  the  vertical  shaft, 
until  it  comes  up  against  the  straps  of  its  clutch.  At  the  same 
time,  the  vertical  shaft  being  stationary,  it  holds  the  movable 
rack  rigidly  in  position.  Therefore,  as  the  piston  moves  in  it 
rolls  the  pinion  on  the  rocker  arm  back  with  it  and  closes  the 
valve.  The  moment  the  valve  is  closed  steam  passes  over 
through  a  port  similar  to  the  Allen  port,  to  the  opposite  end 


BOILERS   AND    BOILER-ROOM    AT    THE    BALD- 
WIN LOCOMOTIVE  WORKS. 


The  proprietors  of  this  establishment  have  recently  installed 
a  new  stationary  boiler  plant  in  their  works,  consisting  of  a 
number  of  Babcock  &  Wilcox  water  tube  boilers  provided  with 
the  Wilkinson  Manufacturing  Company's  automatic  stoker, 
'appliances  for  handling  coal  and  ashes  automatically,  and 
other  improvements  which  make  it  one  of  the  most  complete 
boiler  plants  probably  in  the  country.  The  boilers  are  on  the 
second  story  of  the  building  in  which  they  are  housed,  which 
is  quite  contrary  to  all  preconceived  ideas  and  the  old-fashioned 
principles  relating  to  this  subject.  In  this  location  there  is 
plenty  of  light,  and  the  rooms  are  much  better  ventilated 
than  they  would  be  on  the  first  floor.     The  amount  of  light  is 
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indicated  by  the  engraving,  which  was  made  from  a  photo- 
graph taken  in  this  room  without  artificial  light. 

W"e  give  a  sectional  view  of  the  boilers,  which  have  been 
described  so  otten  that  no  explanation  of  theii  construction, 
other  than  l he  engraving,  is  needed.  We  expect  to  gife  de- 
tailed engravings  showing  the  construction  of  the  stoker  and 
other  appliances  next  month. 


MEETING  OF   THE  MEMBERS  OF   THE  AMERI- 
CAN SOCIETY  OF  MECHANICAL  ENGINEERS. 


TESTING  MACHINES. 


The  April  meeting  of  the  members  of  the  American  Sociely 
of  Mechanical  Engineers  was  held  at  the  house  of  the  Society 
in  New  York,  on  the  evening  of  Wednesday  the  11th,  with 
Mr.  C.  W.  Hunt  in  the  chair.  The  paper  of  the  evening  was 
lead  by  Mr.  Tiuius  Olsen,  and  related  to  the  recent  improve- 


on  the  platform  E  through  the  intermediate  lever  F'1  to  the 
beam  where  the  pressure  is  balanced  and  recorded.  In  many 
machines  the  adjustment  of  the  poise  q  is  done  by  the  oper- 
ator turning  a  hand  and  cord,  or  a  belt  wheel  placed  in  front 
of  the  stand  L1.  In  the  view  before  you,  however,  the  ar- 
rangement is  shown  for  the  automatic  movement  of  poise  q, 
which  is  now  used  in  many  places.  The  automatic  movement 
is  accomplished  by  a  belt  driven  from  the  hub  of  pulley  Cat  V ; 
this  belt  runs  vertical!}'  to  and  over  guide  pulleys  Q,  Ihen 
horizontally  lo  the  speed-regulating  cones  l1  and  1!  ;  from 
cone  l1  a  small  round  belt  transmits  the  motion  over  guide 
pulleys  l3  vertically  to  the  pulley  S'  ;  which  furns  a  shaft  in  a 
bracket  secured  to  the  beam  ;  the  grooved  pulley  ■?'  being  so 
placed  that  the  belt  pulls  exactly  in  line  with  the  balancing 
pivot  of  the  beam,  and  thus  no  irregularity  in  the  tension  of 
the  belt  during  the  test  has  any  effect  whatever  on  the  sensi- 
tiveness or  operation  of  the  beam.  From  the  pulley  and  ils 
shaft  S  the  motion  is  further  transmitted  to  a  small  friction 
pinion,  in  the  dial  casing  3  ;  this  friction  pinion  is  in  constant 
motion  daring  the  operation  of  the  machine.  On  top  of  the 
beam  is  seen  one-half  of  a  very  large  pitched  screw  4,  formov- 
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ments  that  have  been  made  in  his  testing  machines.      Mr. 
Olsen  spoke  as  follows  : 

Mr.  Chairman  and  Gentlemen  : 

The  improvements  which  I  more  particularly  propose  to  de- 
scribe to-night  will  be  better  understood  if  the  design  of  the 
machine  to  which  the}'  aie  so  far  applied  is  shown.  Our 
first  riew  is,  therefore,  of  a  machine  as  it  is  now  very  gener- 
ally used  in  the  rolling  mills,  steel  works  and  other  industrial 
establishments. 

The  ends  of  the  specimen  to  be  tested  are  secured  in  the 
cross-heads  li  and  C.  by  the  wedges  operated  and  placed  in  the 
proper  position  by  the  balanced  lever  r  The  lower  movable 
cross  Ik  ad  C  is  secured  to  four  screw-threaded  rods  D,  to 
which  a  vertical  motion  is  imparted  by  a  train  of  gearing  in 
the  base  of  the  machine,  and  the  same  is  operated  by  power 
from  the  c6untershaft  and  pulleys  ./and  JJ.  The  upper  cross- 
In  ad  B  rests  upon  four  quarter-section  columns  .-1,  which  are 
supported  on  the  scale  platform  E.  Platform  K  rests  on  the 
scale  levers  F  F',  which  communicate  the  pressure  exerted 


ing  the  poise  ;  this  screw  is  extended  into  the  casing  3,  and  on 
the  end  is  secured  a  large  disk  and  dial,  which  shows  to  the 
operator  the  smaller  and  fractional  readings  of  the  stress  ex- 
erted on  the  specimen.  The  dial-plate,  which  is  secured  to 
the  end  of  screw  4,  is  made  lo  revolve  by  causing  contact  be- 
tween it  and  the  constantly  running  friction  pinion,  thus  turn- 
ing the  screw  4  which  moves  the  poise  q  on  the  beam.  This 
contact  is  effected  by  a  lever,  one  end  of  which  is  the  bearing 
for  the  friction  pinion  shaft,  the  other  carrying  an  armature 
for  an  electro-magnet  at  5,  the  vibration  of  the  beam,  making 
or  breaking  the  current  at  6  for  the  electro-magnet.  When 
the  beam  raises,  due  to  additional  load,  the  contact  is  made. 
armature  attracted,  pinion  put  into  gear,  and  the  poise  q  moved 
forward  until  the  beam  descends  and  the  con  act  is  broken  ; 
at  the  same  time  the  contact  between  the  friction  pinion  and 
the  dial-plate  breaks.  Thus  far,  then,  we  have  the  machine 
for  recording  the  amount  of  stress  at  which  a  specimen  breaks. 
There  are,  however,  other  points  of  information  about  the 
material  tested,  which  are  of  just  as  much  or  even  greater  im- 
portance for  the  engineer  to  know,  such  as  the  yielding  point, 
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and  the  elongation  or  the  change  of  dimension  of  the  sample 
tested  This  data,  especially  the  point  at  which  yielding  com- 
mences is  and  has  been  obtainable  in  a  very  crude  and  unsat- 
isfactoiy  wav,  and  in  a  great  measure  has  been  left  entirely 
to  the  discretion  of  the  operator,  there  having  been  no  means 
for  its  correct  determination  for  practical  use.     The  drop  ot 


the  beam,  which  is  used,  and  is  very 
marked  for  many  soft  iron  and  steel 
specimens,  is  for  others  not  so  marked, 
for  still  other  grades  and  compositions 
of  materials  utterly  untrustworthy.     To 
make  the  machine  indicate  clearly  and 
unmistakably,  this  point  or  these  points 
has  been    my  object  for  many   years. 
About  half  a  dozen  different   systems 
for  this  purpose  have  been  more  or  less 
completed  but  laid  aside,  not  because 
each  system  would  not  work  or  could 
not  be  made  to  work,  and  thus  in  a 
great  measure  accomplish  the  object  in 
view  ;  but  mainly  because  they  became 
too  complicated  or  were  too  liable  to 
get  out  of  order,  or  took  too  much  time 
in  its  application  to  be  of  any  practical 
value.     From  each  attempt,  however, 
some  valuable  points  were  gained  which 
finally  suggested  and  helped  to  develop, 
not  o'nly  the  best,  but  the  least  compli- 
cated of  them  all,  and  this  device  seems 
to  be  practically  all  that  can  be  desired 
for  the  purpose.     It  is  simple  in  con- 
struction, easy  to  understand  and  han- 
dle, always  ready  for  use,  quick  in  its 
application,  and  "not  more  liable  to  get 
out  of  order  than  any  other  part  of  the 
machine,  as  well  as  of  universal  use- 
that  is,  applicable  to  the  various  classes 
of  test. 

I  will  now  describe  this  device.     In 

the  illustrations,  figs.  1,  2,  3  and  4,  the 

reference  marks  correspond.     On  top  of 

the  beam  is  mounted  the  cylinder  or 

drum  102,   which  can  revolve  on   its 

axis  ;  to  this  drum  is  attached  a  sheet  of 

paper,  on  which  the  object  is  to  have 

the    mechanism  trace 

a    diagram    or    curve 

line,  which  will  at  the 

same  time  show  both 

the    stress    and     the 

amount  of  yielding  of 

the  specimen. 

A  pencil  at  103  tra- 
verses the  drum  and 
paper  in  the  direction 
of  its  axis  ;  it  is  moved 
by  the  same  screw 
which  moves  the  poise 
106,  consequently  any 
movement  of  poise  also 
imparts  to  the  pencil  a 
corresponding  amount 
of  motion  in  the  direc- 
tion of  the  drum's  ax- 
is ;  these  distances 
form  the  ordinates  to 
the  traced  curve  and 
represent  the  stresses. 
The  other  motion 
necessary  to  trace  the 
line  forming  the  curve, 
which  wilTbe  the  ab- 
scissa? representing  the 
yielding  of  the  speci- 
men, and  is  accom- 
plished by  revolving 
the  drum  correspond- 
ing to  such  yield- 
ing- 

This  yielding  mo- 
tion of  the  specimen  is 
transmitted  to  the 
d  ru  m  as  follows  : 
Starting  at  the  speci- 
men 48,  tig.  1,  two  col- 
lars 64  are"placed  upon 
it  at  a  certain  distance 
anirt  «av  8  in.,  as  now  generally  adopted. 
POntheyun"er  side  of  the  upper  collar  64  are  fingers  83,  one 
on  each  side  of  the  specimen,  so  arranged  that  they  w,ll  rans- 
mit  the  central  motion  of  the  specimen^ to  Ik •  an  nS-V  S 
bein^  pivoted  for  vertical  motion  at  88.  tig.  4  ,  am  wU«U 
moUonPof  the  specimen  or  upper  collar  is  thus  transmitted  to 
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point  101,  then  further  communicated  by  a  cord  or  steel  band 
to  one  end  of  the  lever  !)7,  which  is  pivoted  at  98.  This  lever 
97  is  placed  in  a  vertical  plane  under  the  edge  of  the  balanc- 
ing pivot  of  the  beam 

Starting  again  at  the  specimen,  on  the  lower  collar  64  is 
placed  another  pair  of  fingers  82,  which,  in  the  same  manner 
as  the  upper  fingers, 
transmit  any  vertical 
motion  of  the  specimen  lo 
the  vertical  rod  87,  figs. 
1,  3  and  4.  The  lower 
fingers  82  can  be  adjust- 
ed anywhere  along  the 
vertical  rod  87,  so  as  to 
be  in  proper  place  for 
the  length  of  specimen 
operated  upon.  • 

The  vertical  rod  is  at- 
tached by  a  pivot  to  one 
end  of  the  bar  74 ;  the 
other  end  is  supported 
on  a  pivot  at  50,  and,  at 
a  point  99  on  this  bar  in 
the  vertical  plane  of  the 
balancing  pivot  of  the 
beam,  is  attached  a  band 
or  cord  95,  which  first 
runs  down  and  over  a 
pulley  96  in  the  end  of 
the  lever  97,  then  up  and 
over  the  guide  pulley  99 
to  the  enlarged  part  of 
the  shaft  100  for  the  re- 
cording drum.  Thus  the 
vertical  motion  of  the 
specimen  or  the  lower 
collar  64,  on  the  speci- 
men, is  communicated  to 
the  recording  drum,  im- 
parting motion  to  it,  or 
allowing  same  to  turn  on 
its  axis. 

The  function  of  lever  97,  whose  one  end  is  connected  to  the 
fingers  resting  against  the  upper  collar  on  the  specimen,  and 
the  other  end  in  which  is  the  pulley,  to  the  fingers  resting  on 


The  function  of  lever  52  and  counterweight  53,  fig.  3,  is  to 
balance  the  whole  system  of  parts,  so  as  to  make  it  sensitive 
to  the  smallest  variations  of  motion. 

In  fig.  5  is  shown  an  arrangement  of  adjustable  heads  for 
parallel  specimens,  as  well  as  a  device  for  placing  these  heads 
on  the  specimen  quickly  and  in  the  desired  proper  position. 


the  lower  collar,  is,  to  Separate  the-  motion  that  takes  place  by 
the  specimen  as  a  whole,  from  that  motion  winch  takes  place 
in  it  and  only  between  the  collars,  or  to  retain  for  transmission 


to  the  recording  drum,  only  what  may  tM.  termed  a  difference 
of  motion,  the  motion  taking  place  eithci   in  or  by  the  heads 

of  the  specimen,  not  being  transmitted  to  the  drum. 


F'g-  5- 

The  next  three  figures  show  this  arrangement  very  plainly, 
the  two  at  the  top  being  two  different  kinds  of  heads,  and  the 
lower  figure  the  setting  device  with  the  specimen  and  the 
heads  on  the  same,  ready  to  be  placed  in  the  machine. 

Having  now  shown  and  described  the  device  and  the  ma- 
chine to  which  it  is  applied,  the  next  view  will  show  diagrams 
as  traced  in  the  machine.  The  upper  card  is  of  tensile  dia- 
grams, No.  1  and  2  of  steel  shafting,  No.  3  of  steel  boiler 
plate. 

The  next  card  is  of  tests  in  compression,  as  traced  on  the 
machine,  No.  1  of  ash  ;  No.  2  of  white  oak  ;  No.  3  of  hem- 
lock ;  No.  4,  white  pine  ;  No.  5,  brick  ;  No.  6,  a  punch  dia- 
gram, §  in.  punch  through  4  in.  steel  plate  ;  No.  7,  another 
punch  diagram. 

The  lower  card  contains  dia- 
grams of  transverse  tests,  No.  1 
of  wrought  iron  ;  No.  2,  general 
foundry  iron  ;  Nos.  3  and  4  of 
pig  iron. 

In    this    last    view    given   is 
shown   a  wire  testing   machine, 
just  recently  designed  and  fin- 
ished,   in   which    the   graphical 
system,  as  before  described,   is 
considerably  altered    and  modi 
fied.     Having  for  some  time  had 
much    inquiry    for    wire-testers 
that  would  test  quickly,  as  well 
as  furnish  more  data  of  the  test 
than  those  hitherto  in  use,  this 
subject   was  taken   up  anil    re 
suited  in  a  machine  as  the  view- 
represents. 
In  this  design  the  automatic  operation  of  the  beam  enables 
the  operator  to  do  more  than  twice  the  amount  of  work  per- 
formed on  previous  machines  in  the  same  lime      In  the  graphi- 
cal arrangement,  which  in  tins  ma- 
chine you  will  notice  to  the  right, 
the  diagram  paper  is  placed  on  an 
inclined  table  in  front  of  the  oper- 
ator.    The  tracing  of  the  pencil  in 
this  case,  wdien  such  quick  work 
is  calculated  to   be  done,   will    be 
used  mostly  fir  notifying  the  oper- 
ator when  to   read  the  figures  on 
the  beam  for  the  yielding  point,  as 
well  as  fur  quick  reading  of  elon- 
gation ;  as  no  mat  k  is  put  u pen  the 
win;  before  it  is  placed  in  the  ma- 
chine, the  elongation  is  taken  from 
the  card,  which  is  the  distance  trav- 
eled by  the  pencil  in  the  direction  of 
the  abscissa?.     The  lull  lest  cover- 
ing the  yielding  point,  elongation  and  ultimate  strength  can  lie 
obtained  on  this  machine  in  less  time  than  it  lakes  in  the  older 
machines  simply  to  arrive  at  the  ultimate  strength  of  the  wire. 
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I  will  not  go  more  at  length  into  the  details  of  this  machine, 
nor  into  the  further  extension  of  the  system  we  are  just  per- 
fecting, and  which  promises  well  for  a  still  greater  refinement, 
whictTin  time  it  will  easily  cover — that  is,  in  reference  to  the 
line  within  the  elastic  limit  for  tensile  and  compression  tests. 
The  time  for  preparation  was  too  short,  and  it  would  also  have 
taken  too  much  of  your  time  this  evening. 

DISCUSSION. 

The  discussion  was  opened  by  the  reading  of  two  communi- 
cations which  are  here  presented,  although  the  first  does  not 
relate  to  the  topic  of  the  evening. 

FROM   D.   L.    BARNES. 

I  enclose  a  diagram  which  I  would  like  to  have  discussed  : 
it  relates  to  compression  in  steam-engines. 


where  the  actual  compression  line  is  much  below  the  line  G  //, 
of  equal  steam  weight,  the  most  economical  point  of  compres- 
sion is  below  the  point  D. 

In  engines  having  steam  jackets,  01  where  the  steam  chest 
is  placed  on  the  cylinder-head,  as  in  the  case  of  the  Westing- 
house  engine,  the  actual  compression  line  rises  above  the 
curve  G  H,  and  in  such  engiues  is  not  the  most  economical 
point  of  compression  above  the  point  11 ': 

FROM  E.  D.  ESTRADA. 

As  it  will  be  impossible  for  me  to  attend  the  meeting  of 
April  11,  when  the  subject  of  "  Testing  Machines  and  Tests  of 
Materials"  will  be  discussed  by  the  members  of  the  Society. 
1  avail  myself  of  the  invitation  issued  by  the  Committee,  and 
submit  herewith  the  following  remarks,  trusting  you  will 
kindly  read  them  to  the  members  present. 

There  is  no  subject  in  engineering  which  has  such  an  extent 
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The  point  in  dispute  is,  What  is  the  proper  amount  of  com- 
pression in  engines  having  considerable  clearance,  especially 
locomotives  7 

It  is  almost  universally  believed  by  locomotive  builders, 
and  to  some  extent  claimed  by  stationary  engine  builders,  that 
compression  should  be  carried  up  to  the  admission  pressure. 

Professor  J.  Burkitt  Webb,  in  a  paper  before  the  American 
Association  for  the  Advancement  of  Science,  has  described 
the  proper  point  of  compression  to  be  the  point  B  on  the  dia- 
gram, where  the  area  .1  B  C  is  equal  to  the  area  D  E  F.  This 
plan  docs  not  take  into  consideration  the  loss  resulting  from 
the  heating  up  of  the  metal  surrounding  the  clearance  spaces 
during  compression.  In  some  engines  the  heat  that  is  taken 
from  the  compressed  steam  in  this  way  is  considerable,  espe- 
cially in  locomotives,  where  the  cylinder-heads  are  badly  in- 
sulated. 

The  diagram  with  this  shows  a  case  of  this  kind,  where  the 
actual  compression  line  G  B  falls  below  the  line  of  equal  steam 
weight  G  H. 

It  is  certainly  more  economical  to  heat  up  the  metal  sur- 
rounding the  clearance  spaces  by  steam,  taken  directly  from 
the  steam-chest,  than  extract  work  from  the  momentum  of  the 
engine  to  heat  up  these  surfaces,  and  therefore  in  engines 


of  unexplored  ground  as  that  relating  to  the  resistance  of  the 
materials  used  in  engineering  construction. 

Our  present  knowledge  of  the  subject  is  based  on  the  results 
of  experiments  devoid"of  anv  scientific  value,  notwithstand- 
ing that  some  text-book  authors  and  experts  affirm  the  con- 
trarv.  ... 

What  scientific  value,  for  instance,  can  a  determination  ot 
the  "  elastic  limit"  have,  when,  in  the  first  place,  we  do  not 
know  what  it  is  (see  text-books  on  the  resistance  of  materials), 
and,  in  the  second  place,  we  have  no  standard  method  of  de- 
termining it  V 

The  lack  of  a  standard  method  of  testing,  a  standard  form 
of  specimen,  and  a  standard  unit  of  measurement,  is  the  cause 
of  much  mvsterv  in  this  branch  of  our  profession. 

There  are  some  of  you,  no  doubt,  who  believe  that  the  ulti- 
mate tensile  strength  of  wrought  iron  and  steel  is  increased 
by  straining  the  material  permanently,  and  then  allowing  it 
to  rest.  . 

Experiments  have  been  made,  and  to  some  minds  it  has  been 
shown  conclusively  that  such  is  the  case.  But  let  us  ask  the 
question,  Were  the  conditions  under  which  the  specimens 
were  permanentlv  strained  and  then  allowed  to  rest  the  same 
as  those  under  which  they  were  finally  broken  ?    We  are  left 
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without  an  answer.  How  can  we  then  attribute  the  increase 
in  ultimate  strength  to  rest  ? 

It  is.  indeed,  lamentable  to  acknowledge  that,  if  any  new 
steps  have  been  taken  for  the  purpose  of  determining  the 
physical  properties  of  iron  and  steel,  they  have  been  directed 
in  a  new  paLh,  leading  backward  rather  than  forward. 

The  time  when  a  test  specimen  was  required  to  have  oppo- 
site sides  parallel  is  rapidly  passing  by,  and  today  we  find 
some  of  our  most  distinguished  inspecting  engineers  accept- 
ing, without  a  murmur,  such  tension  specimens  as  are  shown 
in  the  enclosed  sketch. 

These  are  not  exceptions  ;  similar  ones  are  tested  here  everv 
day  by  the  hundreds,  and  who  knows  but  some  of  the  results 
thus  obtained  have  gone  to  form  part  of  experimental  data  in 
the  establishment  of  principles. 
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If  a  man  is  foolish  enough  to  accept  such  specimens,  there 
is  no  telling  how  many  different  conclusions  he  may  draw 
from  the  results. 

Mr.  Gcstavts  C.  Henneng  :  There  is  always  a  great  ques- 
tion as  to  what  is  good  boiler  steel,  and  it  is  very  peculiar  that 
when  you  look  at  a  piece  of  steel,  when  it  is  tested  in  the 
machine,  you  can  tell  whether  it  is  good  boiler  steel  which 
will  behave  well  in  a  boiler,  particularly  a  locomotive  boiler, 
by  a  very  peculiar  marking  which  appears  on  the  test  piece. 
It  appears  in  the  form  of  peculiar  striations  somewhat  similar 
to  double  cross-hatchings,  and  gives  the  metal  a  mottled  appear- 
ance. You  will  also  find  a  lot  of  very  peculiar  marks  inter- 
secting at  the  same  angles  throughout.  Some  call  that  tie 
skeleton  of  the  steel.  Of  course  it  is  not  anything  of  the 
sort,  but  that  is  a  convenient  name  to  give  it.  When  you 
find  that  marking  in  open-hearth  steel  and  the  general  factors 
are  satisfactory,  you  can  take  it  for  granted  that  the  steel  is 
the  best  that  you  can  get  foi  boilers.  I  do  not  know  what  is 
the  reason,  but  many  years  of  experience  and  investigation  of 
that  subject  have  demonstrated  that  invariably  boilers  made 
from  that  steel  give  the  best  satisfaction.  If  the  specimen  is 
entirely  uniform  and  has  no  markings  of  any  kind,  then  the 
steel  is  not  good  for  boilers.  Then  there  is  another  peculiar- 
ity in  telling  whether  the  steel  is  really  good  or  not.  Say, 
for  instance,  you  have  a  flat  specimen  ;  if  there  is  a  very 
gradual  reduction,  then  that  specimen  shows  that  you  have 
about  as  good  a  steel  as  you  can  get.  If  the  steel  has  a 
shoulder  in  it,  however  slight,  and  then  comes  down,  then 
there  is  something  wrong  with  it.  But  whenever  you  find 
that  in  a  test  piece,  you  can  say  that  the  steel  is  undesirable. 
That  is  shown  by  this  test  piece  1  showing  a  specimen). 

I  also  have  a  piece  of  a  car  axle  that  had  been  running  in 
service  for  some  time,  until  finally  it  broke.  On  this  piece 
you  will  see  the  successive  fractures.  Most  car  axles  do  not 
break  at  once,  but  they  break  sometimes  six  months  before 
the  axle  will  be  so  defective  that  it  will  have  to  be  thrown  out 
of  service.     But  each  of  these  rings  shows  a  successive  frac- 

Mr.  .T.  sellers  Bancroft  :  That  same  appearance  is  fre- 
quently noticed  in  shafting. 

Mr.  Henning  :  Fractures  of  axles  are  probably  caused  more 
commonly  by  bad  frogs  and  running  over  switches  than  any- 
thing else,  unless  you  have  a  very  hard  bed  lying  on  a  solid 
rock,  and  you  carry  heavy  loads  over  it. 

Here  is  what  some  people  sell  for  the  very  best  boiler  steel, 
which  gives  all  the  ductility  and  everything  else  you  want, 
and  when  you  come  to  look  at  it,  it  is  nothing  but  a" couple  of 
pieces  of  wrought  iron  and  steel  welded  together— that  is, 
they  are  put  in  a  furnace  and  piled,  just  the  same  as  you  pile 
wrought  iron  plate,  and  submitted  to  extra  high  heat,  and 
then  rolled  out  together.  The  result  is  that  the  material  is 
unreliable,  and  when  you  least  expect  there  is  trouble  with  it. 

Pkofessor  Hetton  :  Mr.  Henning  says  that  a  specimen 


not  showing  those  skeleton  marks  is  undesirable  for  boilers. 
In  what  way  does  it  show  afterward  in  service  that  it  is  not  a 
good  steel '.' 

Mr.  Henning  :  It  will  break  and  crack,  and  apparently  be- 
come what  they  call  mushy  or  honeycombed.  It  will  simply 
go  to  pieces  if  you  keep  it  in  long  enough.  Here  is  another 
specimen  which  is  a  pretty  good  illustration  of  a  good  fracture, 
which  is  the  common  thing  in  the  better  class  of  steel  There 
is  a  theory  that  says  that  when  material  breaks  it  always  breaks 
on  a  given  plane,  and  that  this  angle  determines  the  quality 
of  the  material— that  is,  from  this  angle  you  can  determine 
the  resistance  of  the  material.  Xow,  in  the  case  of  steel,  that 
fracture  might  be  on  either  side,  because,  it  is  very  good  steel, 
very  uniform.  The  result  is  that  it  will  not  be  a  sheared  sur- 
face, but  one  piece  will  be  a  truncated  cone  and  .the  other 
piece  will  be  the  corresponding  cup.  1  have  never  seen  any 
practical  use  made  of  that  theory,  that  the  angle  of  shear  is 
the  characteristic  feature  from  which  you  can  determine  the 
properties  of  the  steel. 

I  would  like  to  say  something  about  Mr.  Olsen's  diagramming 
apparatus.  I  think  these  diagrams  are  really  remarkable.  I 
do  not  think  I  have  ever  seen  any  more  correct,  or  more  regu- 
lar than  these,  and  particularly  so  in  these  woods.  They  are 
simply  beautiful.  You  see  this  shows  that  this  wood,  which 
is  white  pine,  is  perfectly  elastic.  Hemlock  is  by  no  means 
elastic,  and  it  is  not  a  desirable  wood  for  building  purposes, 
because  it  is  so  irregular,  the  fibers  are  not  parallel,  and  some 
of  the  fibers  may  break  before  others  ;  hut  in  the  case  of  oak 
you  will  notice  how  very  straight  the  line  is.  There  are  some 
irregularities  which  I  think  must  be  due  to  some  temporary 
derangement.  When  you  get  to  the  extreme  test  of  that  wood 
it  becomes  suddenly  very  weak,  while  in  the  case  of  white 
pine  there  is  nothing  of  the  sort.  You  have  a  gradual  sliding 
of  the  fibers.  Then  in  this  case  of  ash  you  see  a  very  decided 
break  and  a  very  good  elastic  line.  Of  course  it  is  stronger 
than  white  pine,  but  you  will  notice  that  its  line  is  more 
nearly  vertical,  and  that,  of  course,  is  a  very  important  fea- 
ture in  the  quality  of  the  material. 

In  the  case  of  these  steel  specimens,  they  are  also  very  fine. 
The  steel  boiler  plate  shows  the  very  thing  that  Mr.  Estrada 
said  we  do  not. know  anything  about.  There  is  a  straight  line 
up  to  that  point.  Unfortunately  this  diagramming  apparatus, 
as  well  as  all  of  the  others,  does  not  magnify  the  elastic  curve 
sufficiently.  All  the  properties  for  which  we  use  materials 
are  defined  in  this  particular,  and  if  this  line  were  drawn  to 
such  a  scale  as  to  magnify  this  distance  a  thousand  times  in- 
stead of  five  times,  as  it  is  here,  then  the  width  of  this  pencil 
mark  would,  on  this  diagram,  be  at  least  4  in.,  and  you  could 
draw  as  many  lines  and  different  lines  in  that,  running  from 
this  point  to  the  extreme  corner,  as  you  could  draw  pencil 
marks  in  these  4  in.  I  pointed  that  out  in  a  paper  which  I 
piesented  to  the  San  Francisco  meeting,  and  I  drew  one  of 
these  curves  on  a  tenfold  scale,  and  on  a  different  sheet  I  drew 
one  with  a  thousand-fold  magnification,  showing  that  all  the 
possible  errors  of  observation  would  be  covered  by  the  finest 
pencil  line  you  could  draw,  while  all  the  distinguishing  char- 
acteristics hi  treating  steel  by  different  methods  are  entirely 
covered  by  this  thickness  of  pencil  line,  and  this  curve  would 
show  nothing,  while  if  the  magnification  were  a  thousand 
limes,  every  different  method  of  treatment  of  steel,  whether 
you  heat  it  or  cool  it,  or  heat  it  suddenly  or  cool  it  suddenly, 
or  heat  it  uniformly  to  a  certain  temperature  or  a  higher  tem- 
perature, would  be  indicated  by  the  different  shape  of  this  line, 
whether  it  be  more  nearly  straight  or  less  so,  and  especially 
where  the  elastic  limit  is  located.  Mr.  Estrada  said  you  could 
not  well  define  the  elastic  limit  ;  but  up  there  you  will  notice 
just  at  the  top  of  that  shade  where  the  line  deflects,  that  is 
the  elastic  limit,  and  where  it  shoots  over  to  the  left,  that  is 
the  yield  point.  Where  the  proportionality  of  extension 
changes,  that  is  the  elastic  limit,  and  where  the  proportional- 
ity ceases  and  there  is  a  continued  stretch  without  any  appre- 
ciable increment  of  loading,  that  is  the  yield  point.  Those 
points  aj;e  very  well  defined,  and  nothing  will  characterize 
those  points  in  material  as  well  as  a  diagram.  Then,  on  the 
other  end  of  these  curves  you  will  see  that  there  is  the  maxi- 
mum load,  and  then  beyond  that  the  testing  machine  is  suffi- 
ciently good  to  let  the  weight  run  back  until  the  specimen 
breaks  at  a  load  very  much  less  than  that  carried  before  ;  espe- 
cially in  the  case  of  this  steel  casting  here.  That,  Mr.  Olsen 
says,  was  cold  rolled,  showing  how  cold  rolling  affects  the 
properties  of  the  6teel.  The  testing  machine  allows  the  weight 
to  run  back  on  the  beam,  which  is  very  prettily  shown  there, 
and  the  specimen  breaks  at  a  much  lower  load  than  it  carried 
before.  On  the  other  hand,  you  will  notice  that  we 
have  no  indication  there  that  the  two  pieces  of  steel  have 
been  treated  any  differently  ;  while  if  that  elastic  line  were 
drawn  with  a  thousand-fold  magnification,  it  would  show  a 
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very  marked  change  from  what  you  see  on  the  diagram  there, 
and  would  really  be  characteristic  of  the  treatment  to  which 
the  material  had  been  subjected.  I  hope  that  the  diagramming 
apparatus  will  be  so  worked  out  that  we  will  get  one  that  will 
draw  nothing  but  the  elastic  curve,  and  this  on  a  very  much 
magnified  scale,  when  we  can  simply  have  a  diagram  of  that 
sort,  and  from  the  mere  appearance  of  that  diagram  determine 
what  treatment  the  material  had  been  subjected  to.     Of  course 

1  do  not  mean  to  say  that  a  diagram,  except  in  very  rare 
cases,  can  be  used  to  measure  off  elongations  or  loads  unless 
you  have  made  all  possible  corrections  for  errors  of  instru- 
ment, and  temperature,  and  what  not  ;  but  at  least  the  shape 
of  the  curve  would  be  undoubtedly  of  most  valuable  assist- 
ance in  determining  the  particular  influence  of  the  treatment 
to  which  the  material  may  iiave  been  subjected. 

Mil.  J.  Sellers  Bancroft  :  I  might  say  that  we  have  been 
working  on  a  recording  apparatus  to  meet  this  thing  which 
Mr.  Kenning  speaks  of.  We  have  made  a  number  of  experi- 
ments, and  it  looks  as  though  we  should  succeed  in  accom- 
plishing something  ;  but  we  have  not  got  it  ready  to  talk 
about  it.  We  have  it  magnified  on  a  scale  of  a  little  over  a 
thousand  times.  I  believe  that  diagrams  before  the  yield 
point  is  the  point  we  have  to  look  to. 

Mr.  IIenning  :  In  regard  to  the  diagramming  apparatus,  I 
would  say  that  the  prettiest  thing  I  have  ever  seen  is  a  pho- 
tographic apparatus  designed  and  used  by  Professor  Marten, 
of  Berlin.  He  simply  throws  a  ray  of  light  from  a  little  mir- 
ror on  a  sensitized  film.  The  room  is  dark  except  for  that  ray 
of  light,  and  having  the  mirror  move  in  one  direction  by  the 
motion  of  the  weight,  the  position  of  which  determines  the 
load  on  the  specimen,  and  the  revolution  of  this  very  small 
mirror  throwing  the  beam  of  light  across  the  sensitized  film, 
draws,  photographically,  diagrams  just  like  these,  and  he  can 
magnify  them  as  much  as  he  likes,  because  it  is  only  a  ques- 
tion of  casting  the  ray  of  light  through  a  lens  on  a  more  or 
less  distant  screen.  Afterward  he  develops  them,  and  he  has 
obtained  some  very  beautiful  results.  Another  thing  he  does 
is  rather  unique.  He  makes  a  diagram  of  these  minute  exten- 
sions. These  extensions  within  elastic  limit  are  less  than  .01 
of  an  inch  actual  measurement.  He  has  a  little  apparatus 
consisting  of  a  movable  glass  weight,  and  the  specimen  moves 
a  diamond  point.  That  diamond  point  engraves  a  fine  line  on 
the  glass,  and  it  is  so  small  that  the  head  of  a  pin  will  more 
than  cover  the  whole  diagram.  Then  he  puts  that  in  his  lens 
and  projects  it  on  a  screen.  When  thrown  on  a  screen  and  com- 
pared with  the  observations  of  other  instruments  the  results 
are  comparable  ;  but  it  is  remarkable  how  you  can  make  a 
microscopic  picture  like  this  and  throw  it  on  a  screen  and 
check  up  your  results.  Of  course  he  did  not  intend  to  check 
up  his  results  by  that  diagram,  but  the  diagram  was  suffi- 
ciently good  to  do  it.  He  uses  that  only  when  he  tests  small 
objects,  such  as  paper  or  silks.  He  has  not  used  it  for  struc- 
tural purposes.  I  would  like  to  pass  this  around  and  then 
call  attentiou  to  what  it  is.  This  is  a  2-in.  specimen  ;  this  is 
an  8-in.  specimen  ;  that  a  6-in.  specimen  ;  that  a  4-in.  speci- 
men. It  is  always  a  question  how  much  does  that  material 
extend.  If  material  is  uniform,  the  extension  should  be  the 
same.  Take  the  elongation  as  measured  between  the  unloaded 
condition  of  the  test  piece  and  the  maximum  load,  and  you 
will  find  that  the  percentage  of  elongation  up  to  that  point  is 
always  uniform,  whether  you  test  a  piece  2  ft.,  10  ft.,  or  20  ft. 
It  is  quite  independent  of  the  shoulders  or  length  of  the  speci- 
men or  anything.  This  point  indicates  that  a  test  piece  which 
was  reducing  perfectly  uniform  is  endeavoring  to  neck  down 
or  have  a  reduction,  as  they  call  it,  and  finally  the  fracture 
generally  occurs  in  there  (indicating)  just  as  that  little  circular 
piece  shows.  We  generally  measure  the  elongation  by  taking 
it  between  two  marks  that  I  made  here,  and  including  local 
elongation  in  that,  and  after  having  observed  that — of  course, 
that  is  observed  after  you  take  the  test  piece  out  of  the  ma- 
chine— then  if,  by  calculation,  shown  in  Report  No.  4  of  the 
Society's  Committee,  you  deduct  the  total  elongation  from  the 
local  elongation,  you  will  get  the  percentage  of  elongation.  It 
is  very  difficult  to  work  out  the  exact  proportionality.     In  that 

2  in.  test  piece  we  may  have  50  per  cent,  elongation,  because 
the  2  in.  in  here  elongate  vastly  more  than  the  rest  ;  but  the 
length  of  the  specimen  has  a  great  influence  on  the  recorded 
percentage  of  elongation.  That,  of  course,  vitiates  statements 
of  elongation  of  material,  unless  you  are  told  on  how  long  a 
specimen  the  elongation  was  measured.  But  these  photo- 
graphs are  photographs  of  pieces  that  were  tested  that  way, 
and  in  every  case  the  proportional  elongation  is  identical, 
whether  the  piece  is  2  in.,  4  in.,  6  in.,  8  in.,  10  in.,  or  any- 
thing. The  elongation  in  this  case  runs  from  22  per  cent,  up 
to  43.7  per  cent.,  while  when  you  take  a  correct  observation, 
the  actual  elongation  of  that  material  is  a  little  over  25  per 
cent,  in  every  case. 


Mr.  Brinckerhofp  :  I  would  like  to  ask  if  the  cross- 
hatched  appearance  on  the  faulty  steel  is  supposed  to  be  due 
to  the  same  cause  as  the  cup  on  the  round  steel. 

Mr.  Henning  :  I  do  not  think  it  is  anything  like  it  at  all. 
This  is  something  that  never  has  been  determined,  and  we 
cannot  find  out  at  all  why.  That  skeleton  has  been  cut  out 
and  analyzed  chemically,  and  you  cannot  find  any  difference 
between  that  and  the  remaining  material.  We  simply  know 
from  thousands  and  thousands  of  tests  that  have  been  made 
in  the  same  way  that  the  material  that  shows  marking  is  al- 
ways the  best  material  for  boilers,  and  that  when  the  material 
does  not  show  it  it  is  not  good  for  boilers. 

Mr.  M.  N.  Forney  :  In  this  connection  I  will  call  attention 
to  what  has  been  observed  in  the  punching  of  fire-box  plates 
for  locomotives.  Mr.  William  S.  Hudson,  formerly  the  Super- 
intendent of  the  Rogers  Locomotive  Works,  first  called  atten- 
tion to  it.  I  will  exaggerate  it  somewhat,  so  that  the  mem- 
bers can  see  it  (referring  to  a  sketch).  In  punching  the  holes 
for  the  stay-bolts  in  locomotive  fire-box  plates.  Mr.  Hudson 
observed  markings  somewhat  of  that  shape— curved  lines 
which  radiate  from  the  hole  all  the  way  round.  Now,  the 
curious  fact  was  that  there  was  another  series  of  rings  which 
radiated  in  the  reverse  direction.  It  is  very  much  like  the  mill- 
ing work  on  a  watch-case.  I  never  heard  that  any  relation 
was  observed  between  the  quality  of  the  steel  and  those  mark- 
ings. I  think  that  all  the  conclusion  Mr.  Hudson  came  to  was 
simply  like  the  old  lady's  theory  about  indigo.  When  she 
put  it  in  water,  it  would  sink  if  it  was  good,  or  it  would  sink 
if  it  was  bad — she  didn't  know  which. 

Mr.  Henning  :  When  you  drop  a  plate  on  edge  on  a  heavy 
body  you  will  get  them.  They  are  simply  lines  of  intersec- 
tion of  stress.  If  you  hit  a  plate  with  a  hammer  you  will  get 
those  marks.  The  stress,  of  course,  radiates  from  this  point. 
There  are  lines  of  pressure  outward  in  every  direction,  and, 
of  course,  there  are  resisting  lines  in  the  other  direction. 
When  you  plot  all  these  curves  and  all  these  lines  of  stress, 
and  the  diagonals  of  these  lines  of  stress  between  the  resist- 
ance of  the  material  and  the  lines  of  stress,  you  will  find  inter- 
section of  these  lines,  and  when  you  make  a  sufficient  number 
of  them  you  will  find  that  you  will  get  these  curves.  The}' 
are  nothing  but  the  intersection.  Instead  of  having  one  inter- 
section, suppose  you  take  a  number  and  through  all  these  you 
pass  other  lines,  the  scale  will  not  break  except  at  the  inter- 
section of  these  two  lines  of  force,  because  there  the  material 
is  displaced  locally,  and  the  scale  will  crack  off  there  and  leave 
these  wide  lines  which  simply  indicate  the  intersections  of  the 
lines  of  stress.  You  will  find  it  in  every  case  when  you  strike 
a  piece  of  steel,  so  long  as  you  strike  it  hard  enough  to  break 
the  scale. 

Professor  De  Volsen  Wood  :  I  may  be  pardoned  for  say- 
ing, in  regard  to  these  lines  that  have  been  indicated  by  Mr. 
Henning  as  lines  of  stress,  that  Rankine,  when  he  diagrammed 
them,  called  them  lines  of  shear.  They  were  shearing  stresses, 
and  they  were  conjugate  at  that  ;  but  I  was  wondering  why 
those  were  curves  in  the  case  of  punch  plates,  and  I  have  not 
satisfied  myself  theoretically  why  they  should  be  curved.  It 
is  a  good  thing  to  have  the  fact  independent  of  the  theory. 
I  once  had  a  conversation  with  Mr.  Lavan,  a  celebrated  Cana- 
dian ventilator  of  buildings,  and  I  told  him  that  I  had  tried 
his  system  in  my  private  house.  I  let  the  air  in  at  the  top 
and  made  a  place  for  it  to  go  out  at  the  base  on  the  opposite 
side,  and  the  air  would  go  right  across  instead  of  diffusing 
itself  into  the  room.  "  Professor,"  he  said,  "it  is  contrary  to 
theory."  He  had  the  theory  and  I  had  the  fact.  So  I  am 
pleased  to  get  the  fact  in  regard  to  this  curve. 

Mr.  Bancroft  :  We  made  some  diagrams  some  years  ago 
of  the  force  required  to  punch,  which  resulted  in  a  rather  dif- 
ferent diagram  from  that  shown  by  Mr.  Olsen,  simply  because 
the  material,  I  suppose,  was  very  much  thicker  relatively  to 
the  diameter  of  the  punch.  The  thickness  of  the  plate  was 
very  nearly  equal  to  the  diameter  of  the  hole,  and  the  pressure 
ran  up  very  rapidly — reached  a  maximum  when  the  metal  was 
startiug,  then  it  fell  off  to  about  five-eighths  of  the  total  height, 
there  being  a  perceptible  amount  of  pressure  required  up  to 
the  very  last  moment.     A  flat  punch  was  used. 

Mr..  Henning  :  You  can  reproduce  similar  lines  by  simply 
vibrating  a  plate  and  throwing  sand  on  it.  If  you  take  the 
proper  plate  and  the  proper  force  you  can  arrange  lines  almost 
identical  with  these.  If  you  take  a  plate  of  glass  with  a  hole 
through  the  center  and  make  the  plate  vibrate,  1  think  you 
will  get  those  identical  lines  in  fine  sand.  I  think  you  can  re- 
produce those  lines  exactly  by  means  of  a  plate  of  glass,  show- 
ing that  in  circular  lines  where  the  stresses  intersect  you  will 
get  an  effect,  and  where  the  stresses  do  not  intersect  you  will 
get  no  effect.  Where  the  glass  plate  remains  quiet  the  sand 
will  gather  ;  where  the  glass  plate  has  any  motion  there  will 
be  no  sand.    When  the  lines  of  force  intersect,  they  will  neu- 


224 


THE    AMERICAN    ENGINEER 


[May,  189.4, 


tralize  oue  another  and  the  sand  will  remain  there,  but  where 
the  glass  is  all  in  vibration  there  will  be  no  sand. 

Vim  can  ti  111 1  these  curves  for  a  great  thickness  in  the  metal. 
I  do  not  know  how  deep  they  go.  I  should  judge  they  would 
go  all  the  way  through,  just  the  same  as  when  you  take  a  die 
and  stamp  a  plate  ol  steel  with  it,  or  when  you  cast  a  name  on 
cast  iron  and  take  it  off.  If  you  put  some  acid  on  it  that 
whole  name  will  come  out  perfectly  plain.  If  you  take  that 
same  material  and  polish  it  and  do  everything  you  can,  the 
mark  will  still  be  there  and  that  can  be  found  a  quarter  of  an 
inch  deep.  If  you  mark  a  letter  on  a  steel  plate  where  you 
have  uniform  material,  you  can  try  to  remove  that,  and  no 
matter  how  much  you  try,  it  will  always  come  out  again,  espe- 
cially if  you  use  a  little  acid  and  etch  it.  I  know  that  people 
have  taken  other  people's  patterns  and  taken  castings  off  them, 
and  they  would  simply  chip  off  the  names,  and  afterward,  if 
you  want  to  find  if  that  casting  had  been  made  from  such  pat- 
tern, all  you  have  to  do  is  to  polish  that  up  and  etch  it  a  little 
bit,  and  the  whole  name  will  come  out  as  plain  as  if  you  had 
painted  the  name  on. 

Mb.  Mitchell  :  I  would  like  to  ask  regarding  the  speed  at 
which  a  testing  machine  should  run.  1  talked  with  one  or 
two  members  of  the  Association  before  the  meeting,  and  I 
could  not  get  any  light  on  the  subject.  It  is  a  fact  that  you 
can  get  different  results  according  to  the  different  speeds  at 
which  you  run  a  machine.  If  a  plate  is  tested  on  a  certain 
machine,  it  will  give  us  results  like  the  specification  ;  if  tested 
on  another  machine  at  different  speeds,  we  will  get  different 
results.  We  will  accept  the  material  on  the  test  given  on  one 
machine,  and  on  the  other  we  will  condemn  it.  I  refer  to  the 
speed  at  which  the  piece  is  tested.  The  higher  the  speed,  the 
better  the  tensile  strain.  I  was  educated  on  a  Riehle  machine 
designed  by  Mr.  Olsen.  It  was  the  first  machine  the  Pennsyl- 
vania Railroad  had,  and  I  woiked  that  machine  for  14  months. 
I  tested  over  9,000  samples.  The  speed  was  1  in.  iu  three 
minutes,  and  that  is  the  speed  at  which  I  always  tried  to  run 
the  machine,  I  have,  however,  never  tested  the  same  machine 
at  different  speeds. 

Jin.  IIenning  :  If  you  test  soft  steel,  especially  basic  steel, 
it  does  not  make  any  difference  what  speed  you  test  it  within 
your  capacity  of  observing  anything  about  the  test.  Of  course 
it  is  well  known  that  in  the  Carnegie  Works  they  test  so  fast 
that  you  simply  take  the  man's  word  for  it  that  it  carried  that 
much  ;  but  if  you  know  your  business  you  do  not  let  them 
run  a  machine  lapidly.  There  is  a  reason  why  the  machine 
should  show  higher  results  when  run  very  fast,  and  that  is  so 
much  momentum  is  applied  through  the  test  piece  to  the 
beam,  which  is  of  considerable  mass,  that  it  will  always  keep 
carrying  more.  When  you  come  to  a  rest  the  machine  bal- 
ances all  right.  But  as  you  keep  on  running  the  weight  is 
always  ahead  of  the  load  you  have  on  the  test  piece,  and  the 
faster  you  run  the  further  the  weight  will  be  ahead  of  the 
load,  iu  order  to  counteract  the  momentum  due  to  the  increase 
of  the  force  applied.  If  you  apply  the  same  force,  the  momen- 
tum in  the  beam  will  be  the  same.  There  is  always  an  in- 
crease of  force  applied.  Hence,  there  is  always  an  increase  of 
momentum,  which  must  always  be  counterbalanced  by  a 
slightly  advanced  position  of  the  weight.  But  if  you  run  as 
fast  as  2  in.  in  one  minute,  on  the  ordinary  soft  steels,  you  will 
not  find  any  difference.  When  you  test  boiler  steels  which 
have  different  qualities  altogether  from  the  soft  steels,  there 
you  find  considerable  difference.  There  is  a  difference  be 
tween  the  acid  and  the  basic  steels.  The  acid  steel  always 
has  more  carbon  than  the  basic.  You  can  run  the  Emery  ma- 
chine as  fast  as  you  please.  Of  course  it  takes  the  greatest 
skill  to  keep  the  Emery  indicator  floating  between  the  marks  ; 
but  so  long  as  that  indicator  lloats  between  the  marks,  you 
have  always  got  the  indicated  load  on  the  piece.  If  the  ma- 
chine is  running  so  fast  that  you  cannot,  observe  every  point 
about  it.  it  is  going  too  fast.  I  simply  sec  how  the  machine 
behaves,  and  if  it  behaves  well,  1  let  them  run  a  little  faster. 
When  the  machine  i8  a  doubtful  one  I  run  very  slowly,  until 
I  find  out  what  the  machine  is.  When  I  want  to  know  what, 
results  I  get  out  of  a  machine,  I  calibrate  the  machine.  If 
you  do  not  do  that  you  do  not  know  what  the  material  stood. 

PROFESSOR  Hi  i'ion  :  1  think  there  is  more  in  that  subject 
that  Mr.  Mitchell  has  opened  than  Mr.  Helming  fully  covers, 
while  his  explanation  is  of  real  value.  I  remember  a  ease 
which  came  under  my  own  observation  not  long  since,  where 
a  firm  in  town  here  wanted  to  send  some  copper  for  fire-boxes 
to  the  Baldwin  Locomotive  Works,  who  were  going  to  send 
some  furnaces  to  South  America,  where  they  have  a  fondness 
for  copper.  They  wanted  some  unprejudiced  party  to  say 
what  the  copper  would  do.  The  requirement  was  stretch, 
25  per  cent.,  and  tensile  strength,  35,000  lbs.  They  asked  me 
what  kind  of  sample  I  wanted  to  test.  I  said,  Give  mi:  at  least 
4  in.  of  reduced  section  taken  from  the  i  in.  plate.     We  were 


running  at  that  time  on  the  old  Fairbanks  screw  machine,  and 
1  found  it  impossible  to  give  that  35,000  lbs.,  but  I  could  give 
them  35  per  cent,  to  40  per  cent,  stretch  right  along,  but  we 
could  not  raise  the  tensile  strength  higher  than  33,000  lbs.  I 
finally  told  these  gentlemen  that  I  thought  the  Fairbanks  ma- 
chine was  not  the  one  to  test  this  piece  on,  because  those  peo- 
ple down  there  are  used  to  a  hydraulic  machine.  So  they 
took  the  specimen  down  to  the  Post  Ollice  and  got  Mr.  Star- 
luick  to  test  it,  and  got  the  test  all  right.  I  could  not  abso- 
lutely get  it  in  any  way  on  the  old  Fairbanks  machine.  The 
specifications  were  based  on  a  hydraulic  machine.  There  is 
something  in  the  material  itself  and  in  the  fact  that  if  you  will 
put  a  load  on  past  the  elastic  limit,  you  can  leave  the  load  of 
the  elastic  limit  of  a  material  like  copper  and  simply  pull  it 
out,  and  simply  by  putting  on  a  little  additional  strain  every 
day,  the  thing  will  ultimately  break.  There  is  something, 
I  am  sure,  in  the  speed  besides  this  mere  inertia  of  the 
beam,  which  of  course  does  enter  as  a  problem  when  two 
tests  are  made  at  nearly  the  same  speed  ;  but  where  there  is 
a  great  difference  in  the  speed  I  think  the  material  comes  in. 

Mr.  IIknning  :  What  I  said  applies  only  to  steels.  Pro- 
fessor Hutton  is  perfectly  right,  when  you  apply  it  to  certain 
grades  of  steel,  as  manganese  steel,  or  to  Tobin  bronze,  or 
copper.  The  shape  of  the  test  piece  also  has  proportionally 
greater  influence  on  the  results  obtained  than  the  treatments 
to  which  the  material  might  have  been  subjected,  in  order 
to  have  produced  certain  results  ;  but  in  the  case  of  alloys  and 
coppers,  you  have  to  be  very  careful  about  using  the  proper 
speed,  and  giving  the  material  time  to  arrange  itself.  Of 
course  that  higher  tensile  strength  is  only  fictitious.  That  is 
an  artificial  advantage  which  you  would  not  find  iu  service  in 
a  boiler.  They  would  simply  break  at  a  lower  load,  if  the 
load  ever  got  to  that  point. 

I  heard  from  a  gentleman  in  Pittsburgh  to-day,  who  wnnted 
to  come  here  to  speak  on  this  very  subject,  but  who  did  not 
get  his  invitation  in  time  to  be  present,  and  he  asked  me  to 
refer  to  it  if  no  one  else  did.  If  you  test  material  immediately 
after  it  comes  from  the  rolls,  the  material  will  be  decidedly 
weaker  thau  if  you  keep  it  lying  idle  from  12  to  24  hours. 
Our  better  rolling  mills  never  give  you  a  piece,  especially 
thin  shapes  of  plate  or  small  bars,  that  have  not  had  a  chance 
to  recover  after  being  rolled.  If  you  take  a  sample  from  a 
plate  as  it  comes  from  the  roll  it  will  not  give  the  ultimate 
strength,  nor  will  it  show  the  clastic  limit  or  elongation  within 
a  very  considerable  amount.  80  it  is  often  a  question  of  re- 
jection or  acceptance,  whether  you  allow  the  material  to  rest 
awhile  before  you  test  it  or  whether  you  test  it  fresh  from  the 
rolls.  About  the  benefit  of  giving  the  material  rest  after  hav- 
ing done  work,  I  do  not  think  that  ought  to  come  into  account 
with  engineers,  for  the  reason  that  we  are  not  supposed  to  use 
material  that  wajr.  It  is  a  well-known  fact  that  when  you 
strain  material  and  then  let  it  stand,  instead  of  giving  you  the 
normal  curve,  you  find  it  varying  at  a  point  lower  down  ; 
but  at  the  point  where  the  rate  of  proportionality  of  elonga- 
tion changes,  would  probably  have  been  changed  slightly  alter 
starting  up  again,  and  then  the  yield  point  would  have  been 
augmented.  Now,  if  you  carry  this  on  several  times  you 
would  always  get  a  little  offset  with  a  little  higher  elastic 
limit.  It  would  remain  there  afterward,  but  you  see  you 
have  hurt  material.  You  never  use  the  material  in  structural 
work,  except  below  the  elastic  limit.  When  you  take  mate- 
rial that  has  an  elastic  limit  of  30,000  lbs.  and  load  it  to  15,000 
lbs.,  you  are  exceeding  the  working  load  you  are  allowed  to 
put  on  material.  In  testing  material  and  taking  a  diagram  to 
this  point  and  slopping  here,  the  material  will  stretch  a  little 
bit  if  it  is  soft  material.  Just  as  soon  as  you  begin  again  to 
reload  the  test  piece,  a  line,  parallel  to  this  extension  line,  will 
be  produced  and  the  resistance  of  the  material  is  increased 
until  yon  rise  above  the  maximum,  and  you  can  increase  it  so 
that  ultimately  it  will  not  break  off  at  the  normal  point,  but 
it  will  break  off  far  short  of  it  ;  hence,  though  I  have  not  got 
enough  data  to  prove  it,  I  think  you  will  find  that  when  you 
get  the  whole  area  in  the  modified  diagram,  it  will  be  less  than 
the  original  area  that  you  would  have  obtained  if  you  took  it 
within  the  natural  curve,  showing  that  the  material,  although 
it  shows  a  higher  load  or  a  higher  elastic  limit,  is  inferior. 
Of  course  the  main  point  is  to  determine  the  material  in  the 
conditions  in  which  you  intend  to  use  it. 

Professor  Wood:  I  have  seen  tests  made  under  the  con- 
ditions now  referred  to,  where  the  piece  was  partly  broken, 
and  then,  when  allowed  to  rest,  either  with  the  stress  on  or 
with  it  removed,  when  the  stress  was  renewed  the  elastic 
limit  was  raised,  as  Mr.  Ilenning  lias  said,  that  it  becomes 
le>s  durable.  The  elastic  limit  majr  be  raised  in  that  way, 
and  the  failing  point  also  raised.  I  acknowledge  that  this 
fact  was  an  interesting  one  to  me,  if  not  a  profitable  one  by 
way  of  instruction.     Before  this  was  known  I  felt  fearful  of 
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the  hydraulic  method  of  testing  boilers,  that  by  applying  a 
stress  larger  than  that  which  it  was  intended  io  carry,  the 
material  might  actually  be  injured  ;  but  after  this  discovery 
was  made  1  saw  it  was  a  good  thing.  The  material  was  not 
injured.  It  would  stand  a  stress  from  steam  without  failure 
greater  than  it  would  if  the  steam  pressure  had  been  applied 
the  first  time  without  that  stress,  and  although  the  material 
should  not.  as  Mr.  Henning  has  said,  be  used  to  any  such  an 
extent,  yet  it  is  sometimes,  under  exceptional  conditions.  In 
Ihe  case  of  steam,  the  pressure  does  sometimes  run  up  much 
beyond  what  was  intended.  However,  whether  it  be  so  or 
not.  we  cannot  study  the  properties  of  materials  too  carefully 
and  learn  what  results  from  all  kinds  of  stresses  both  within 
and  beyond  the  elastic  limit.  I  was  not  displeased  to  hear,  as 
I  came"  into  the  room,  some  remark  in  regard  to  our  not  know- 
ing anything  about  the  elastic  limit.  It  reminded  me  of  a  re- 
mark made  to  myself  by  an  engineer.  He  said,  "  You  talk 
about  the  factor  of  safety.  The  factor  of  safety  in  these  days 
of  science  and  knowledge  !  I  call  it  the  factor  of  ignorance." 
That  just  covered  it  exactly.  1  did  not  care  for  the  term,  but 
it  was  a  correct  one,  and  he  would  have  us  understand  that 
we  ought  to  determine  exactly  the  conditions  of  things  in  re- 
gard to  the  materials  used  in  construction.  We  do  know, 
from  long  observation  and  experience,  that  there  is  a  general, 
if  not  a  very  specific  relation,  between  the  so-called  elastic 
limit  and  the  ultimate  strength.  If  the  strength  is  60,000  lbs., 
the  elastic  limit  may  be  nearly  30,000  lbs.,  so  that  we  have  a 
factor  of  one-half  for  the  first  one,  and  as  an  approximation 
toward  what  we  may  use  ;  but  there  comes  in  our  ignorance. 
We  do  not  know  exactly  where  the  elastic  limit  is,  and,  as 
already  stated,  the  ultimate  strength  depends  on  the  manner 
in  which  the  piece  is  broken.  That  only  shows  us  that  as  ex- 
periments go  on.  and  as  our  knowledge  becomes  more  and  more 
definite,  that  the  manner  of  breaking  a  piece  becomes  an  im- 
portant element.  Some  students  of  mine  were  about  to  test  a 
piece  that  was  an  annulus— a  pipe  only.  They  drilled  the 
hole  out  of  solid  iron,  and  after  they  broke  it  they  brought  it 
to  me.  I  did  not  see  anything  peculiar  about  it,  until  they 
called  my  attention  to  the  fact  that  at  a  certain  place  there  had 
been  no  yield  or  no  apparent  stretch,  and  they  said  the  drill 
broke  when  they  got  to  about  a  third  or  less  than  one-half  the 
length.  To  get  out  the  broken  piece  they  struck  with  a  ham- 
mer on  the  side  of  the  piece  to  jar  it  out.  Now,  where  they 
struck  with  a  hammer — not  very  heavy  blows— all  around  the 
outside  of  the  cylinder,  it  apparently  did  not  yield  at  all. 
The  stretch  was  outside  of  that.  There  was  an  object-lesson 
at  once,  which  teaches  us  that  every  change  that  is  made  be- 
fore  or  during  a  test  affects  the  result.  I  am  not  surprised, 
for  I  have  long  known  the  fact  that  the  rate  of  testing  a  piece 
— that  is.  the  rate  at  which  you  break  it,  has  an  effect  on  the 
measured  strength.  It  should  ;  and  so  with  regard  to  the 
composition,  the  manner  in  which  it  is  manufactured,  so  in 
regard  to  the  manner  in  which  it  is  cut  out,  so  in  regard  to 
the  length  of  the  piece,  whether  it  has  a  shoulder  or  not.  All 
these  elements  will  affect  the  results,  so  that  the  only  true 
method,  it  seems  to  me,  of  getting  comparative  results  that 
are  valuable,  is  to  have  them  made  under  similar  circum- 
stances, and  that  the  rate  at  which  the  piece  is  broken  shall  be 
an  element  in  the  test. 

MR:  Mitchell  :  The  worst  strains  we  get  are  on  the  side 
rods  of  locomotives.  There  we  use  a  very  large  factor  of 
safety  ;  it  being  about  12.  We  figure  the  centrifugal  strain 
and  that  due  to  the  piston,  considering  that  the  large  factor 
of  safety  which  we  use  covers  all  strains.  We  had  one  engine 
running  about  40  miles  an  hour  which  broke  both  side  rods. 
She  slipped  and  we  used  sand,  and  she  caught  in  the  sand  and 
another  roil  broke.  I  figured  the  factor  of  safety  of  those  rods 
as  nearly  as  I  could,  and  I  found  it  was  only  4i.  I  built  the 
rods  much  deeper,  and  we  have  not  had  any  break  since.  I  use 
a  factor  of  safety  of  12  with  Otis  steel. 

Dr.  Emery  :  On  that  subject  there  is  aa  interesting  con- 
tribution in  the  transaction  of  the  American  Society  of  Civil 
Engineers.  .Mr.  William  Metcalf,  himself  a  steel  manufac- 
turer, had  occasion  to  make  a  machine  in  which  two  axles 
were  to  be  connected,  and  he  used  two  side  rods  like  those  of 
a  locomotive,  and  run  at  much  higher  speed  than  a  locomo- 
tive. Using  steel  that  was  soft,  they  broke  very  rapidly.  It 
occurred  to  him  that  it  would  be  a  good  thing  to  make  them 
stiffer,  and  he  put  in  some  steel  having  .07  or  .08  per  cent,  of 
carbon,  and  they  would  run  so  many  years. 

Mn.  Mitchell:  I  claim  that  a  rod.  if  properly  designed, 
on  an  engine,  using  that  factor  of  safety  of  12,  will  last  as 
long  as  an  engine,  and  that  is  25  or  20  years. 

Tin:  Chairman  :  I  have  here  a  letter  from  Mr.  McFarland. 
It  has  been  proposed  to  have  the  subject  of  Ihe  next  meeting 
Marine  Tubular  Boilers,  and  Mr.  McFarland,  Past  Assistant  En- 
gineer of  the  United  States  Xavy,  is  expected  to  start  the  talk. 


THE  KINSMAN  BLOCK  SYSTEM. 


The  Kinsman  system  of  block  signaling,  as  exploited  by  the 
Kinsman  Block  Signal  Company,  of  143  Liberty  Street,  New 
York,  includes  a  cab  signal  with  an  automatic  closing  of  the 
throttle-valve  and  application  of  the  air  brakes.  It  is  an  in- 
genious mechanism  for  avoiding  the  disastrous  results  which 
may  arise  from  heedlessness  on  the  part  of  the  engineer  or  the 
invisibility  of  the  signals  beside  the  track.  Besides  being  in- 
genious the  system  possesses  the  further  merit  of  simplicity. 
Of  course,  electricity  enters  into  the  mechanism  and  occupies 
a  prominent  place  in  its  operation.  The  fundamental  idea  of 
the  device  is  that  if  a  train  is  occupying  a  given  block,  or  a 
switch  is  open  therein,  another  train  will  be  prevented  from 
entering  by  the  automatic  closing  of  the  throttle-valve  on  the 
engine  and  the  application  of  the  air-brakes. 


SWITCH   BOX' 


Before  describing  the  cab  mechanisms  by  which  this  result 
is  obtained,  we  will  look  into  the  wiring  and  electrical  devices 
that  are  used.  Track  circuits  are  employed.  A  primary  bat- 
tery has  its  two  poles  attached  to  the  two  rails,  which  are  laid 
in  insulated  sections,  each  wire-  running  to  its  rail  direct  as 
well  as  through  a  relay.  When  the  track  is  clear  this  current 
passes  uninterruptedly  from  the  battery  through  the  relay,  and 
the  armature  of  the  latter  is  held  against  the  magnets.  Let  a 
train  enter  the  section,  however,  and  straightway  the  wheels 
short  circuit  the  current  of  ibis  battery,  the  relay  is  cut  out. 
and  the  armature  drops  upon  its  stops.  In  doing  so  it  makes 
a  connection  by  way  of  a  local  battery  between  two  guard  rails 
(contact  rails  tbey  are  called)  insulated  from  each  other  and  the 
main  line,  and  placed  at  a  suitable  distance  ahead  of  Ihe  pro- 
tected seclion.  In  this  condition  no  current  is  passing  through 
the  relay,  and  the  circuit  of  the  local  battery  is  not  completed. 
Should  an  engice  pass  these  contact  rails,  the  brushes  with 
which  it  is  equipped  rubagainst  them  and  complete  the  circuit 
of  the  local  battery  ;  this  excites  an  electro  magnet  in  the  cab. 
raising  its  armature  and  causing  the  work  already  indicated 
to  be  done. 

Switches  are  protected  in  a  similar  manner.  Thus  the  two 
rails  of  a  switch  are  connected  to  a  relay  set  like  the  block  sec- 
tion relay  and  operating  in  the  same  way.  One  wire  passes 
through  a  contact  point  in  a  box  attached  to  the  switch-rod. 
This  box  is  so  constructed  that  when  the  switch  is  shut  the 
current  passes  through  the  box  and  on  to  Ihe  relay  :  but  when 
the  contact  is  broken  the  current  is  uot  only  interrupted,  but, 
as  a  further  precaution,  it  is  shun  circniled  by  means  of  an- 
other contact  point  in  order  lhat  every  possibility  of  exciting 
the  relay  may  be  avoided.  It  will  be  seen  by  reference  to 
our  engraving  that  this  box  is  of  an  exceedingly  simple 
construction.  It  is  rectangular,  and  contains  a  rod  moving 
freely  to  and  fro  as  the  switch  is  operated.  This  rod  has  two 
hubs,  each  provided  with  a  brass  ring,  one  for  making  contact 
with  the  relay  wire  and  the  other  for  the  short  circuiting  con- 
nections. 

It  will  be  seen,  too,  that  should  any  accident  happen  to  the 
main  battery  so  that  it  becomes  inoperative,  the  relay  is  de- 
magnetized and  the  block  closed. 

Coming  now  to  the  car  mechanisms,  our  engravings  show 
the  apparatus  in  the  free  running  and  the  automatically 
shut-off  positions,  the  latter  with  the  brakes  set.  There 
is  no  battery  in  the  cab.  The  wires  leading  from  the  electro 
magnet  shown  run  down  to  two  contact  brushes  that  are 
insulated  from  each  other  and  fastened  to  the  front  truck. 
When  these  brushes  strike  the  contact  rails  already  described, 
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the  circuit  of  the  local  battery  is  completed,  provided  that  the 
armature  of  the  corresponding  relay  has  fallen  and  the  follow- 
ing block  occupied.  When  this  occurs  the  armature  of  the 
cab  magnet  is  raised,  setting  free  a  lever  attached  to  a  valve  in 
the  train  pipe  that  is  thrown  open  by  a  spring.  This  admits 
air,  through  the  pipe  shown,  to  a  cylinder  through  which  the 
throttle-rod  works.  This  rod  is  in  two  pieces.  The  front  end 
is  hollow  and  is  attached  to  a  piston  moving  in  the  cylinder 

LOCOMOTIVE  EQUIPMENT  OF  THE 
KINSMAN  BLOCK  SYSTEM  CO. 


POSITION  OF  APPARATUS 
WHEN  TRACK  IS  CLEAR 


llwadbs  j  7WJM,  Bwgr\  -V.r. 


after  the  manner  of  the  dogs  of  a  chuck  and  pressed  down  into 
a  groove  in  the  solid  rod  by  springs.  This  groove  is  bevelled 
on  the  front  edge  so  that  the  dogs  can  rise  over  and  the  piston 
slip  ahead  when  the  throttle  lever  is  locked  should  any  excessive 
pressure  be  brought  to  bear  against  the  piston  head.  The 
springs  and  dogs  are,  however,  amply  sufficient  to  maintain 
the  connection  with  any  hand  manipulation  of  the  lever. 


bradiey  $  />«(<.,  Enjr't.  KR 


POSITION  OF  APPAHATl 
WHEN   DANQER  IS  AHEA. 


referred  to  above.  The  solid 
stem  of  the  throttle-red 
comes  out  of  the  back  head 
of  the  cylinder  and  takes 
hold  of  the  throttle  lever  in 
the  ordinary  way,  no  change 
of  construction  being  made 
in  the  battery.  The  connec- 
tion between  the  solid  and 
hollow  portions  of  the  rod 
is  made  by  means  of  four 
dogs  set  in  the  piston-head 


Thus,  when  the  armature  trips  the  leverof  the  air-valve  and 
the  pressure  from  the  train-pipe  is  admitted  against  the  back 
of  the  piston,  it  is  pushed  ahead  and  the  throttle  is  closed. 
When  it  has  reached  the  end  of  its  stroke  and  the  throttle  is 
closed,  it  uncovers  the  hole  E,  allowing  the  air  from  the  train- 
pipe  to  escape  and  making  an  emergency  application  of  the 
brakes.  Thus  there  is  no  change  in  the  cab  mechanisms.  The 
throttle  lever  remains  in  the  wide  open  position  and  the  handle 
of  the  engineer's  valve  is  in  the  running  position.  The  en- 
gineer recovers  possession  of  this  throttle-valve  by  merely 
pushing  his  lever  ahead  until  the  dogs  engage  in  the  notch,  and 
his  brakes  are  at  once  readjusted  to  the  usual  working  condi- 


Vol.  LXVIII,  No.  5.] 


AND    RAILROAD    JOURNAL 


227 


lions  by  the  raising  of  the  air-valve  lever  until  it  again  rests 
against  the  armature  of  the  relay.  The  engine  is  then  ready 
for  another  stop,  nothing  has  been  disarranged  and  nothing  has 
been  broken. 
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STEAM  LIFEBOATS. 


That  the  efficient  mechanical  propulsion  of  a  boat  to  be 
used  for  life-saving  purposes  has  for  a  loDg  time  been  a  prob- 
lem surrounded  with  apparently  insuperable  difficulties  is  evi- 
denced by  the  fact  that  up  to  within  the  last  three  years  but 
one  of  the  few  proposed  solutions  of  it  can  be  said  to  "have  met 
successfully  the  requirements  of  such  a  vessel.  Propulsion 
by  paddle-wheel  was,  as  a  matter  of  course,  out  of  the  ques- 
tion, and  the  application  of  the  screw  propeller  had  so  many 
drawbacks  in  view  of  the  conditions  under  which  lifeboat  ser- 


vice had  to  be  performed,  that  the  matter  resolved  itself  into 
some  efficient  application  of  water  pressure  to  give  the  req- 
uisite propulsive  power. 
In  May,  1891,  it  was  noticed  in  the  Times  that  the  Royal 
National  Lifeboat  Institution  had"  in 
the  previous  September  placed  on  trial 
at  Harwich  the  first  mechanically  pro- 
pelled boat  intended  for  life-saving 
purposes.  This  vessel,  named  the 
Duke  of  Northumberland,  was  con- 
structed by  Messrs.  R.  it  H.  Green, 
the  widely  known  shipbuilders  of 
Blackwall,  and  engined  by  Messrs. 
Thorneycroft,  of  Chiswick.  She  is 
50  ft.  long,  12  ft.  beam,  and  her  loaded 
displacement  at  3  ft.  6  in.  in  draft  is 
23  tons.  Her  piopelling  machinei}- 
consists  of  a  horizontal  compound 
surface-condensing  engine  of  about 
1T0  II. P.,  driving  a  nearly  horizontal 
turbine  of  30  in.  in  diameter,  which 
delivers  its  water  thiough  two  outlets 
in  the  sides  of  the  boat,  and  draws  ils 
supply  through  a  vertical  scoop- 
shaped  inlet  amidships.  The  boiler 
is  one  of  Mr.  Thorneycroft 's  patent 
water-tube  type,  with  a  heating  sur- 
face of  606  sq.  ft.,  and  grate  surface 
of  8i  sq.  ft.  This  boat,  after  going 
through  an  exhaustive  series  of  trials, 
making  during  one  of  them  the  pass- 
age from  Harwich  to  Holyhead,  a  dis- 
tance of  1,000  miles,  without  the  least 
mishap,  was  eventually  placed  on  the 
station  at  Harwich,  and  has  since  done 
excellent  service  in  the  saving  of 
many  lives  and  much  valuable  prop- 
erty." 

Owing  to  the  success  attained  with 
this  first  attempt  in  the  construction 
of  a  really  serviceable  mechanicallv 
propelled  life-boat,  Messrs.  Green  were 
instructed  with  orders  to  build  two 
new  boats  for  a  similar  purpose,  one 
for  the  Royal  National  Lifeboat  In- 
stitution, and  the  other  for  the  Life- 
boat Institution  of  South  Holland. 
These  vessels  have  the  following  prin- 
cipal dimensions  :  Length,  53  ft.; 
beam,  16  ft.;  depth,  5i  ft.;  and  their 
loaded  displacement  is  30  tons,  giving 
them  a  draft  of  3  ft.  3  in.,  at  which 
they  will  carry  from  30  to  40  pas- 
sengers, foui  tons  of  coal  in  the  bunk- 
ers, and  half  a  ton  of  fresh  water  in 
their  reserve  tanks. 

The  expeiience  gained  at  and  since 
the  trials  of  their  first  vessel  of  the 
type  has  enabled  her  builders  to  make 
material  improvements  in  the  two 
now  nearing  completion.  The  first 
of  them — or  that  intended  for  the 
Royal  National  Lifeboat  Institution — 
launched  some  months  ago,  is  nearly 
read}-  for  her  official  trial  ;  the  second 
— that  for  the  kindred  institution  in 
South  Holland — was  launched  recent- 
ly, and  named  by  Miss  Ella  Green, 
daughter  of  one  of  the  partners  of  the 
firm  of  builders,  the  Provident  Van 
Heel.  As  these  vessels  are  sister  boats, 
the  improvements  effected  in  con- 
struction and  machinery  applv  to 
both. 

Instead  of  propulsion  being  depen- 
dent, as  in  the  case  ot  the  I> 
Northumberland,  upon  one  turbine  and  inlet  to  feed  it. 
the  new  vessel  is  titled  with  two  vertical  centrifugal  pumps 
placed  on  the  starboard  and  port  sides,  driven  direct  from  the 
crank-shaft— to  which  they  are  coupled  and  co-axial —of  an 
inclined  compound  direct-action  engine  of  200  H.P.  For  for- 
ward and  backward  motion,  go-ahead  and  go-astern,  outlets— 
the  former  in  the  bottom  and  the  latter  in  the  sides  of  the 
vessel— are  connected  by  pipes  to  each  of  the  pumps,  and  to 
give  a  lateral  propulsion"  to  the  boat  a  special  side  outlet  has 
been  arranged— which  has  been  patented  by  Mr.  J.  F.  Green 
both  in  England  and  abroad— the  advantage  of  which  when 
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manoeuvring  round  a  wreck  is  considered  invaluable,  as  the 
water  can  be  discharged  through  the  outlet  nearest  the  wreck 
and  thus  act  as  a  buffer  or  fender  in  keeping  the  boat  and  the 
wreck  from  colliding,  and  assisting  it  by  sideways  propulsion 
in  getting  clear  away  when  desirable.  The  buoyancy  of  the 
new  vessel  has  been  very  carefully  considered,  and  to  add  to 
her  safety  she  is  divided  into  no  less  than  13  water-tight  com- 
partments :  but  should  one  of  these  be  store  in,  provision  is 
made  to  connect  it  with  the  centrifugal  pump  inlets  in  such  a 
wav  that  the  inflow  of  water  would  be  utilized  for  the  boat's 
propulsion.  The  boiler  for  supplying  steam  to  the  compound 
engine  of  the  vessel  is  of  the  water -tube  type,  and  will,  to- 
gether  with  the  whole  of  the  propelling  machinery,  be  fitted 
by  Messrs.  John  Penn  &  Sons,  of  Greenwich.  It  is  expected 
that  the  official  trial  of  the  first  of  the  improved  type  of  steam 
lifeboats  will  shortly  take  place. — London  Times. 


and  from  which  it  will  be  seen  that  he  has  "  lost  none  of  his 
cunning." 

This  engine  is  intended  for  small  lines  laid  on  common  roads, 
of  which  many  hundreds  have  been  made.      "  It  is  peculiarly 


THE  ADAMS  UPRIGHT  WATER  TUBE  BOILERS. 


We  illustrate  a  boiler  made  by  the  Adams  Water-Tube 
Boiler  Company,  of  Cleveland,  <>..  that  presents  some  novel 
features  in  the  construction  of  this  class  of  boiler.  The  great 
difficulty  that  has  heretofore  been  experienced  with  water-tube 
boilers  "that  might  be  called  of  the  porcupine  type  has  been 
that  the  amount  of  sediment  and  scale  deposited  in  the 
tubes  has  been  so  extensive  as  to  cause  them  to  burn  out  very 
rapidly,  as  well  as  the  fact  that  the  arrangement  of  the  tubes 
and  the  conditions  under  which  they  were  worked  rendered 
circulation  almost  impossible. 

The  boiler  tinder  consideration  is  so  designed  that  it  is  evi- 
dent that  there  must  be  a  continuous  circulation,  and  at  tin- 
same  time  the  sediment  held  in  solution  by  the  water  is  de- 
posited in  such  portions  of  the  boiler  as  to  be  readily  cleaned, 
and  not  in  localities  where  it  will  burn  to  the  surface.  The 
vertical  section  shows  that  the  boiler  consists  of  a  vertical 
column  filled  nearly  to  the  top  with  water,  from  which  tubes 
ra  Hate  into  the  fire"  spaces.  The  lower  portion  of  the  boiler 
has  a  mud  drum,  which  is  below  the  grates  and  is  not  affected 
in  any  way  by  the  intense  heating  of  the  fire. 

At  the  top'of  the  boiler,  and  just  beneath  the  steam  space. 
there  is  a  basin  into  which  the  feed-water  is  projected.  This 
basin  is  kept  nearly  filled,  and  the  water  in  it  is  heated  to  the 
temperature  of  the  steam  ;  but  inasmuch  as  it  is  only  sub- 
jected to  the  heat  of  the  gases  in  the  upper  portions  of  the  flue, 
comparatively  little  steam  is  generated  at  this  point.  The 
vertical  column  is  kept  filled  to  a  point  above  the  top  of  the 
highest  of  the  lateral  tubes,  so  that  all  of  these  are  constantly 
full  of  water.  A  circulating  pipe  starts  from  one  side  of  I  he 
basin  at  the  top  and  passes  down  into  the  mud  drum  beneath 
the  grates.  In  this  way  there  is  a  constant  supply  of  water 
flowing  from  the  top  down  to  the  bottom,  which  supplies  the 
water  evaporated.  The  circulation,  therefore,  is  upward  ; 
and  the  water  which  has  been  heated  in  the  basin  under  the 
steam  dome  deposits  therein  a  portion  of  its  sediment,  and  the 
remainder  falls  to  the  bottom  of  the  mud  drum  beneath  the 
boiler,  from  which  it  is  readily  removed  by  man  holes  located 
as  shown  on  the  drawing.  The  mau-hole  in  the  steam  dome 
also  enables  the  basin  to  be  emptied  and  cleaned.  It  is  claimed 
that  the  constant  upward  tendency  of  the  steam  which  is  gen- 
erated from  water  that  is  practically  pure  causes  no  sedimeU 
to  be  deposited  in  the  tubes. 

The  steam  dome  is  made  of  ample  size  to  allow  for  the  sud- 
den withdrawal  of  steam  by  the  engines. 

At  a  test  made  at  tie-  Falcon  Tin  Plate  and  Sheet  Company's 
works,  at  Xiles,  <>..  in  February  last,  9.74  lbs.  of  water  were 
evaporated  per  pound  of  fuel  from  a  temperature  of  212°.  A 
memorandum  of  the  fuel  used  showed  that  it  was  a  low  grade 
of  bituminous  coal.  The  lest  covered  three  upright  boil 
225  H.  P.  each.  These  boilers  had  a  heating  surfi 
s.|.  ft.  per  11. P.  The  test  was  so  successful  tbata500H.P. 
boiler  for  the  company,  at  whose  works  these  were  tested,  is 
now  beim  built. 


TANK  ENGINE. 


Designed  by  Charles  Brown  op  Basle.  Switzerland. 


9  HE  "f  our  readers  will  remember  the  neat,  ingenious  and 
elegant  designs  of- locomotives  brought  out  by  Mr.  Charles 
Brown  when  he  was  Superintendent  of  the  Locomotive  Works 
at  Wlnterthur.  lie  i>  now  located  at  Basle,  and  has  sent  us  a 
photograph  from  which  the  engraving  herewith  was  made. 


THE  ADAMS    I  FRIGHT  WATEU-TITBE  ISuILEK. 

adapted  for  this  class  of  work,"  Mr.  Brown  writes  us,  "for 
the  following  reasons 

"  1.  The  slide-valves  are  underneath  the  cylinders,  and  thus 
give  self-acting  drainage  :  no  drain-cocks  are  required,  no 
frightening  of  horses.  This  arrangement  saves  one-sixth  of 
the  fuel  used  by  engines  with  slide-valves  above  cylindt  r». 
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"  2  The  working  gear,  connecting  and  coupling-rods,  are 
all  in  the  same  plane. 

"  3.  The  bearings  and  springs  are  outside  the  wheels,  and 
the  tanks  inside,  which  gives  steady  running  on  narrow  gauges 
on  uneven  roads. 

"  4.  Slide-valves  are  of  the  Church  pattern,  which  are  self- 
adjusting  for  wear,  .  .  .  never  require  readjusting.  This  is 
of  importance  in  countries  where  no  shops  are  at  hand. 

"  5.  All  lubricatiou  is  by  means  of  grease  absolutely  closed 
against  intrusion  of  grit,  saving  of  90  per  cent,  of  material, 
and  vastly  reduced  amount  of  wear. 

"6.  All  valves  which  have  to  be  ground  in  from  time  to 
time  are  get-atable  from  the  outside."' 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
iu  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 


River  &  Bonneterre  Railroad  went  through  a  bridge  a  mile 
south  of  Herculaneum  this  afternoon.  The  engineer,  George 
Jump,  was  instantly  killed.  The  fireman  was  seriously  in- 
jured. 

Brooklyn,  N.  Y.,  March  1.— A  collision  occurred  on  the 
Biooklyn  Elevated  Railroad  at  Broadway  and  Manhattan  cross- 
ing, in  which  an  engineer  and  fireman  were  badly  hurt. 

Winnimac,  Iml  ,  March  4. — A  freight  train  on  the  Pan- 
handle Line  ran  into  the  rear  end  of  another  train  at  this  point 
this  morning.  Engineer  Ide  received  injuries  from  which  he 
will  probably  die.  Fireman  Merrill  was  thrown  from  the  cab 
and  badly  sc  tided  about  the  body.  The  engineer  is  said  to 
have  been  asleep  at  the  time. 

Columbus,  ( >..  March  6.— A  sleeper  at  the  rear  end  of  a  train 
on  the  Pennsylvania  Railroad  jumped  the  track  near  this 
point  this  morning,  and  ran  into  a  switch  engine  standing  be- 
side the  main  line.  Fireman  John  McCormick  was  badly 
hurt. 

Gainesville,  Tex.,  March  6.— An  unsuccessful  attempt  was 
made  to  rob  a  passenger  train  on  the  Gulf,  Colorado  &  Santa 
I-Y-  Railroad  early  this  morning.  Two  piles  of  ties  were  placed 
upon  the  track.  The  engineer  and  fireman  saw  the  obstruc- 
tion in  time  to  jump,  and  escaped  with  a  few  bruises. 

Pittsburgh,  Pa..  .March  7. — An  engine  with  five  coal  cars  on 


TANK   ENGINE,  DESIGNED   BY  CIIARLES   BROWN,   OF   BASLE.  SWITZERLAND. 


and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  wiio  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  onl}-,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  March, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS  IN  MARCH. 

Nuzum  Mills,  W.  Va.,  March  1.— A  freight  engine  on  the 
Baltimore  &  Ohio  Railroad  exploded  its  boiler  at  this  point  to- 
day. Engineer  Stevenson  and  Fireman  Law  were  terribly 
injured. 

Silican,  Mo.,  March   1.— A  freight  train  on  the  Mississippi 


the  Pittsburgh.  Youngstown  &  Ashtabula  Division  of  the 
Pittsburgh  &  Fort  Wayne  Road,  was  swept  off  the  track  by  a 
landslide  this  morning.  None  of  the  trainmen  were  killed, 
but  Engineer  M.  Hubbard  and  Fireman  George  Jones  were 
seriously  injured. 

Roauoke, '  Va..  March  s. — A  vestibule  train  on  the  Norfolk 
&  Western  Railroad,  between  Washington  and  Chattanooga, 
ran  into  a  landslide  40  miles  north  of  this  city  this  morning. 
Engineer  Jake  Hardy  was  killed.  Fireman  Kroftsinger  was 
thrown  down  the  embankment  of  the  James  River  and 
severely  injured. 

Wilkesbarre,  Pa.,  March  8.  — A  locomotive  on  the  Lehigh 
Valley  Railroad  exploded  its  boiler  at  White  Haven  to  day. 
The  fireman,  John  Lenox,  was  killed.  The  engineer  was  in 
the  telegraph  office  toi  orders. 

Oil  City,  Pa..  March  9.— A  freight  train  on  the  Western 
New  York  &  Pennsylvania  Railroad  ran  into  a  landslide  7 
miles  east  of  here  this  morning,  causing  the  death  of  Fireman 
Martin. 
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San  Antonio,  Tex.,  March  10.— Joe  Miller,  locomotive  en- 
gineer on  the  Mexican  International  Railway,  was  killed  by  an 
engine  turning  over  on  him. 

Montpelier,  Vt.,  March  11. — An  express  train  on  the  Ver- 
mont Central  Railroad  ran  into  two  large  boulders  about  three 
miles  north  of  here  this  morning.  Engineer  McKenna  was 
killed,  and  the  fireman  had  his  shoulder  dislocated. 

Capelton,  Quebec,  March  12.— A  head-end  collision  occurred 
on  the  Boston  &  Maine  Railroad  near  here  to-night  between  an 
express  train  and  a  local.  Engineer  McDuffee  and  Fireman 
McPherson  were  instantly  killed. 

Pittsburgh,  Pa.,  March  15.— A  long  freight  train  drawn  by 
two  engines  ran  into  a  landslide  near  Sample  Station  to-night. 
Engineer  Ross  and  Develin  were  thrown  from  their  cabs  on 
to  the  mass  of  rocks  and  earth  and  received  painful  injuries. 

Portland,  Me.,  March  19. — A  work-train  on  the  Maine  Cen- 
tral Railroad  struck  a  section  hand-car  between  Newport  and 
East  Newport  this  morning.  The  locomotive  was  thrown  from 
the  track,  and  the  engineer,  Frederick  D.  Wing,  was  killed. 

Fort  Worth.  Tex.,  March  20. — The  engine  of  a  freight  train 
on  the  Texas  Pacific  Railroad  struck  a  horse  near  Santo  to-day 
and  ran  into  the  ditch.  Engineer  W.  F.  Cross  was  fatally, 
and  Fireman  Youugblood  seriously,  injured. 

Sylvan  Station,  Pa.,  March  23. — A  passenger  train  was  de- 
railed by  an  open  switch  at  this  point  to-day.  The  engine 
plunged  over  an  embankment  and  the  fireman  was  killed. 

Amsterdam,  N.  Y.,  March  31. — A  westbound  train  on  the 
New  York  Central  Railroad,  consisting  of  express  cars,  ran 
into  a  freight  train  at  this  point  this  morning.  The  engine 
ran  down  an  embankment,  and  Engineer  Wilkinson  was  in- 
jured. 

Our  report  for  March,  it  will  be  seen,  includes  18  accidents, 
in  which  8  engineers  and  4  firemen  were  killed,  and  6  engi- 
neers and  11  firemen  were  injured.  The  causes  of  the  accidents 
may  be  classified  as  follows  : 

Boiler  explosions 2 

Broken-down  bridge  1 

Cattle  on  track 1 

Collisions 4 

Derailments 1 

Landslide 5 

Misplaced  switch 1 

Overturning  of  engine 1 

Ran  into  hand  car 1 

Train  wrecking 1 

18 


PROCEEDINGS  OF  SOCIETIES. 


Meeting  of  Members  of  the  Mechanical  Engineers. — 
The  next  meeting  of  the  Mechanical  Engineers  for  the  dis- 
cussion of  technical  subjects  will  be  held  in  the  hall  of  the 
Society  on  Wednesday  evening.  May  9,  at  eight  o'clock.  The 
subject  for  discussion  will  be  The  Use  of  Water-tube  Boilers 
in  the  U.  S.  Navy.  An  introductory  "  talk"  or  paper  will  be 
read  by  W.  M.  McFarland,  Passed  Assistant  Engineer  U.  S.  N. 
This  will  be  the  last  of  the  series  of  meetings  which  have  been 
held  during  the  past  winter. 


Engineering  Association  of  the  South. — At  the  regular 
March  meeting  a  paper  was  read  on  the  Coal  Handling  Plant 
at  Pikeville,  Tenn.  Owing  to  increasing  competition  among 
coal  mines  and  consequent  demand  for  better  product,  old, 
simple  forms  of  chutes  are  now  being  superseded  by  those 
in  which  the  coal  is  thoroughly  cleaned  and  tenderly  handled. 
The  mine  cars  are  carried  to  and  from  tipple  by  self-acting 
creeper  chain.  Coal  is  dumped  on  back  tippler,  eliminating 
large  amount  of  breakage  of  coal  usual  in  old-style  tippler. 
Lump  is  made  over  shaking  screens,  1^  in.  perforations,  incli- 
nation 1-J  in  12.  Coal  is  lowered  gently  into  cars  by  specially 
designed  chute,  having  had  nowhere  a  direct  drop  of  more 
than  a  few  inches.  Nut  and  slack  are  elevated  together  and 
separated  on  shaking  screens,  i  in.  perforations,  inclination  3J 
in  12.  Good  results  are  obtained  from  corrugating  these 
screens.  The  uniformly  sized  slack  made  by  this  plant  greatly 
improves  physical  properties  of  coke.  The  use  of  perforated 
metal  shaking  screens,  compared  with  that  of  bar  screens,  in- 
creases both  quantity  and  quality  of  salable  coal.  Capacity, 
1,000  tons  per  day  ;  cost,  $4,400  ;  estimated  running  expenses, 
$(i  per  day.     The  plant  was  designed  and  erected  by  Mr.  J.  J. 


Ormsbee,   Superintendent,   Sequatchie  Valley  Coal  &   Coke 
Company. 


PERSONALS. 


Mr.  George  O.  Manchester,  formerly  of  the  Atchison, 
Topeka  &  Santa  Fe  Railroad  Company,  has  been  elected  Vice- 
President  and  Treasurer  of  the  Sargent  Company,  Chicago. 

C.  M.  Mendenhall  has  been  appointed  Assistant  Engineer 
of  Motive  Power  of  the  united  railroads  of  the  New  Jersey 
Division  of  the  Pennsylvania  Railroad  Company,  to  take  the 
place  of  Samuel  Porcher,  who  has  been  promoted. 

Mr.  B.  J.  Williams,  who  has  been  Secretary  and  Treasurer 
of  the  Shelby  Steel  Tool  Company,  up  to  tile  present  time, 
recently  tendered  Ins  resignation,  for  the  reason  that  the  bank- 
ing business  with  which  he  has  long  been  associated  demanded 
more  of  his  time  than  he  could  devote  and  attend  business 
with  the  Shelby  Company.  Mr.  J.  C.  Patterson  was  elected 
his  successor.  The  business  of  the  company  has  been  one  of 
continued  prosperity,  the  last  month  showing  the  shipment 
of  nearly  3,350  ft. 


OBITUARY. 


Edward  Barry  Wall. 

When  those  who  are  old  and  feeble,  or  others,  from  whom 
the  hope  and  cheerfulness  and  buoyancy  of  life  have  been 
sapped  by  misfortune  or  illness,  are  taken  away,  death  even 
then,  if  they  are  our  friends  or  are  still  nearer  to  us,  always 
comes  as  a  surprise.  But  when  one  in  the  prime  of  life,  and 
standing  on  the  threshold  of  distinction,  with  a  past  career  full 
of  promise  of  future  usefulness,  and  of  a  nature  which  charmed 
all  who  came  under  its  influence,  is  taken,  the  announcement 
comes  like  a  relentless  blow  to  which  we  must  submit  rever- 
ently and  resignedly,  if  we  can.  The  sad  news  of  the  death 
of  Edward  Barry  Wall  came  in  this  way  to  many  of  his  friends 
and  acquaintances,  who  had  no  previous  intimation  of  his  ill- 
ness. He  died  in  the  Homoeopathic  Hospital,  in  Pittsburgh, 
on  the  evening  of  Sunday,  April  1,  after  an  operation  for  ap- 
pendicitis. The  immediate  cause  of  his  death  was  the  shock 
from  the  operation,  but  his  disease  was  complicated  with  peri- 
tonitis. 

He  was  born  in  Kingsborough,  N.  Y.,  on  April  25,  1856,  and 
was  the  son  of  Professor  Edward  Wall,  who  occupies  the  Chair 
of  Belles  Lettres  in  Stevens  Institute  in  Hoboken,  and  Sarah 
Berry  Wall.  His  early  education  was  received  at  the  Brooklyn 
Polytechnic  Institute'and  the  Martha  Institute  in  Hoboken. 
In  1872  he  entered  the  Stevens  Institute  at  Hoboken,  and 
graduated  in  1876.  It  was  during  this  period  that  the  writer 
first  made  his  acquaintance.  From  the  dates  given  above  it 
will  be  seen  that  he  was  only  16  when  he  entered  Stevens  In- 
stitute. He  was  then  short  of  stature  for  his  age— and  was  ex- 
tremely boyish-looking  even  for  a  youth  of  his  years,  but  with 
a  mind  even  more  active  than  his  body — and  that  seemed  to  be 
so  overflowing  with  vitality  as  to  be  almost  out  of  his  control. 
He  was  then  a  frequent  visitor  to  the  office  of  the  Railroad 
Gazette  in  search  of  information  relating  to  his  studies  at  the 
Institute  It  was  sometimes  almost  comical  to  hear  from  a 
mere  boy,  who  did  not  appear  to  be  more  than  12  or  14  years 
old,  inquiries  for  information  about  matters  which  the  editors 
of  that  paper  would  have  been  only  too  glad  to  have  received 
satisfactory  answers  from  any  source  whatsoever.  Any  in- 
telligent person  who  came  in  contact  with  him  then  could  not 
help  seeing  that  this  seeming  youth  had  in  him  the  potential- 
ity of  a  distinguished  man.  His  jovial  good-nature— such  a 
marked  characteristic  of  his  later  life— then  fairly  bubbled 
over,  but  was  always  under  restraint  and  made  subservient  to 
his  more  serious  duties.  Notwithstanding  his  overflowing 
animal  spirits,  his  nimble  and  inimitable  wit,  the  elastic  buoy- 
ancy of  his  nature,  he  never  failed  to  treat  those  older  than 
himself  with  that  consideration  which  was,  perhaps,  their 
due.  In  later  years,  when  the  acquaintance  of  those  early 
days  ripened  into  a  closer  and  more  intimate  friendship,  the 
writer  recalled,  with  a  curious  feeling  of  grotesqueness,  the 
respectful  deference  with  which  he  was  treated  by  this  youth- 
ful student,  who  later  became  such  a  charming  companion  and 
friend. 

Before   finishing  his  studies  he   was  engaged  for   a  short 
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time  in  making  a  series  of  experiments  in  boiler  explosions, 
which  wore  earned  on  at  Sandy  Hook.  These  experiments 
were  made  to  throw  some  light  on  the  cause  of  boiler  explo- 
sions, which  theretofore  had  been  attributed  to  all  sorts  of 
causes  excepting  the  true  one — that  of  insufficient  strength  in 
the  boiler  to  resist  the  steam  pressure  to  which  it  was  sub- 
jected. A  destructive  explosion  was  produced  during  Ihea 
experiments  simply  by  an  over-pressure  of  steam. 

Ou  graduating  at  the  Stevens  Institute  he  was  made  saluta- 
toiian  of  his  class,  and   soon   after   went  to   Altoona  as  an 
apprentice   in   the   car   shop,   and    worked    there    for  about 
t  w  o    years.       He 
was  afterward  em- 
ployed in  the  test- 
ing department  of 
the     Pennsylvania 
Railroad    at    A  1  - 
toona. 

In  1883  he  was 
appointed  Assist- 
ant to  the  Master 
Mechanic  of  the 
Pittsburgh,  C  i  n  - 
cinnati  &  St.  Louis 
Railroad,  at  Co- 
lumbus, O.  In  1883 
he  was  made  Su- 
perintendent o  f 
.Motive  Power  of 
that  line,  and  was 
then  noted  for  be- 
ing the  youngest 
man  occupying 
such  a  responsible 
position  in  the 
country.  About 
this  time  he  became 
a  member  of  the 
Master  Car-Build- 
ers', the  Master  Me- 
chanics' Associa- 
tions, and  the 
American  Society 
of  Mechanical  En- 
gineers. He  was 
also  one  of  the 
trustees  of  the  Ste- 
vens Institute. 

On  June  24, 1892. 
he  was  married  to 
Fanny  Mitchell, 
daughter  of  Gen- 
eral John  G.  Mitch- 
ell, of  Columbus, 
i  >.  a  deep  shadow 
was  cast  over  his 
life  by  the  death  of 
his  wife  in  child- 
birth, on  August 
12,  1893.  A  son 
named  after  his  fa- 
ther survives  them 
both. 

At  the  opening 
of  the  World's  Fair 
in  Chicago  the  fa- 
ther was  appointed 
Assistant  to  the 
Vice-President  of 
the  Pennsylvania 
Lines  West  of  Pitts- 
burgh, with  his 
office   in    Chicago. 

During  the  Exhibition  he  was  very  much  interested  in  it,  and 
was  one  of  the  judges  of  awards  in  the  Transportation  Depart- 
ment. After  the  Exhibition  closed  he  was  appointed  Assistant 
to  the  General  Manager  of  those  lines,  with  his  office  at  Pitts- 
burgh. His  duties  in  this  position  were  somewhat  peculiar. 
The  object  in  creating  the  office  was  to  give  some  one,  with 
technical  knowledge  and  practical  experience,  control  over 
the  purchases  of  the  road,  so  that  not  only  would  the  prices 
which  are  paid  receive  proper  consideration,  but  the  value  of 
the  materials  bought  would  also  be  submitted  to  the  critical 
judgment  of  a  competent  person.  He  occupied  this  position  at 
the  time  of  his  death.  He  was  also  a  member  of  the  Duquesne 
Club,  of  Pittsburgh,  and  had  been  a  member  of  both  the 
Chic  ago  and  the  Columbus  Clubs  in  those  two  places. 


It  is  not  easy,  in  a  brief  memoir  like  this,  to  do  justice  to  his 
abilities  and  character.  His  striking  trait  was  an  exuberance 
of  animal  and  mental  spirits,  with  a  constant  effervescence  of 
wit  and  humor,  which  was  the  perpetual  delight  of  those  who 
were  not  too  dull  to  enter  into  the  spirit  of  it.  It  should  not 
be  inferred  from  this  that  he  was  overmuch  given  to  levity. 
it  is  true  that  he  sometimes  sorely  perplexed  his  duller  breth- 
ren, who  had  not  the  mental  agility  to  follow  him  in  the  haps 
and  bounds  of  his  pleasantry,  over  very  ordinary  and  some- 
times extraordinary  matters.  There  was  a  deep  seriousness  in 
his  character  over  which  this  jocose  fancy  was  only  a  thin 

veil,  but  which 
nevertheless  some 
never  saw  through. 
Although  at  the 
head  of  the  me- 
chanical depart- 
ment of  a  great 
railroad,  it  cannot 
be  said  of  him  that 
the  bent  of  his 
mind  led  him  in  the 
direction  of  being 
a  mechanical  geni- 
us. It  is  doubtful 
whether  he  had  any 
great  love  for  me- 
chanical matters. 
His  aptitude  and 
endowments 
seemed  to  incline 
him  more  in  the  di- 
rection of  execu- 
tive duties,  to  the 
control  and  man- 
agement of  affairs 
and  men  rather 
than  to  mechanical 
construction  and 
design.  But  if  we 
assign  to  the  call- 
ing of  an  engineer 
the  celebrated  defi- 
nition, that  it  is 
"  the  art  of  direct- 
ing  the  great 
sources  of  power 
in  nature  for  the 
use  and  conveni- 
ence of  man,"  then 
the  subject  of  this 
memoir  may  rank 
high  in  that  occu- 
pation. The  shops 
of  the  Pittsburgh, 
Cincinnati  &  St. 
Louis  Railroad, 
over  which  he  had 
supervision,  were 
noted  among  rail- 
road men  for  being 
among  if  not  tht 
best  ordered  in  the 
country.  Those  at 
Columbus  and  In- 
dianapolis especial- 
ly always  excited 
the  admiration  of 
master  mechanics 
and  others  compe- 
tent to  form  opin- 
ions in  such  mat- 
ters. In  all  sub- 
jects pertaining  to  mechanical  engineering  he  had  a  very 
quick  apprehension,  sound  judgment,  and  ever  ready  admin- 
istrative ability — traits  more  valuable  to  his  employers,  prob- 
ably, than  mechanical  genius  would  have  been. 

He  was  for  a  long  time  one  of  the  most  active  members  of 
the  Master  Car-Builders'  Association,  and  for  a  number  of 
Tears  was  one  of  its  Executive  Members  and  served  on  the 
Board  of  Directors.  In  that  capacity  his  incisive  good  sense 
helped  the  Board  out  of  many  a  tangle  ami  difficult}-.  He 
never  could  be  enticed  from  the  real  marrow  of  any  question  by 
a  phrase  or  a  prejudice.  He  seemed  to  have  the  faculty  of 
not  only  seeing  questions,  but  of  weighing  them,  and  his  mind 
had  the  capacity — which  is  comparatively  rare— of  apprehend- 
ing the  mass  of  a  question  as  well  as  its  surface. 
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la  the  proceedings  of  the  Association  itself  he  was  always 
very  active,  and  served  nearly  every  year  on  one  or  more  com- 
mittees of  investigation,  the  reports  of  which  he  often  wrote 
himself,  or  assisted  in  writing  them  by  his  advice  and  sugges- 
tions, and  these  were  always  of  much  value  to  his  co-laborers 
and  to  the  Association. 

To  him  should  belong  the  credit  of  introducing  and  securing 
the  adoption  of  a  resolution,  by  the  Association,  approving  of 
the  type  of  automatic  car-coupler  which  is  now  the  standard 
in  this  country.  A  retrospect  of  this  action  will  be  doing  noth- 
ing more  than  justice  to  the  subject  of  this  memoir. 

In  1883  a  committee  was  appointed  by  the  Car-Builders' 
Association  to  make  a  report  at  the  next  meeting,  to  be  held 
in  1884,  on  Automatic  Freight-Car  Couplers,  the  purpose  in 
appointing  the  committee  and  having  the  report  made  being 
the  hope  that  it  would  lead  to  the  adoption  of  some  standard 
form  of  automatic  coupler.  At  the  meeting  held  in  Saratoga, 
in  1S84,  the  committee  submitted  a  report,  in  which  they  re- 
ferred to  eight  different  couplers  as  "  worthy  of  special  men- 
tion," 12  more  "as  meritorious,"  and  13  more  which  "the 
committee  have  also  examined."  and  the  report  wound  up 
with  the  negations  "  that  the  subject  is  one  which  should  not 
be  passed  over  lightly,"  and  that  "  thorough  investigation  and 
prompt  action  is  demanded,"  and  recommending  that  a  com- 
mittee of  experts  to  do  various  things— which  would  have  been 
useless  if  they  had  been  done — be  appointed.  The  report  was 
merely  fatuous,  but  the  purlieus  of  the  convention  were  filled 
with  the  representatives  of  the  various  couplers,  which  were 
referred  to  in  the  report,  and  these  men  were  goading  on 
members  to  take  some  action.  An  excited  discussion  followed, 
which  promised  to  be  fruitless  and  purposeless.  The  mem- 
bers always  spoke  of  their  associate  simply  as  "  Wall,"  who 
then  took  part  in  the  discussion  by  saying  : 

"  f  think  that  it  is  almost  imperative  that  we  should  adopt 
something,  or  else  own  up  that  we  cannot.  There  are  a  certain 
number  of  confusing  questions  that  surround  the  matter  of 
couplers.  I  think  that  we  can  here,  this  afternoon,  decide  on 
a  certain  number  of  principles  which  any  coupler  should  ful- 
fill. If  we  decide  on  these  principles,  then  they  will  be  known 
as  the  opinion  of  the  Association,  and  inventors  who  will  take 
the  question  up  can  see  what  conditions  they  must  fulfill  when 
they  invent  a  coupler  ;  and  those  who  have  invented  couplers 
which  do  not  fulfill  these  conditions  will  see  that  there  is  very 
little  opportunity  to  present  their  coupler  before  this  Associ- 
ation. 

"  If  any  one  were  going  to  hire  a  man  to  roll  wheels,  and 
somebody  were  to  ask  us  to  make  specifications  of  that  man, 
we  could  do  so  ;  we  would  say  that  the  man  must  be  healthy, 
strong,  agile,  quick.  We  can  also  say  the  same  thing  about 
a  coupling.  Iu  order  to  bring  this  matter  to  an  issue  before 
this  meeting,  I  would  like  to  submit  a  motion. 

"  That  it  is  the  sense  of  this  Convention  that  any  automatic 
coupling  presented  hire  should  couple  in  a  vertical  plane;  by 
that,  I  mean  should  be  able  to  slide  up  and  down." 

Later,  in  explanation  of  this  motion,  he  added  . 

"  The  great  advantage  of  a  vertical  coupler  is  that,  notwith- 
standing the  inequalities  of  the  track,  the  different  height  of 
cars,  you  can  couple  with  any  kind  of  cars  with  a  coupler  that 
couples  in  a  vertical  plane." 

Mr.  Cloud  afterward  added  :  "  I  will  move  to  amend  the 
motion  as  it  was  put,  and  to  introduce  the  word  '  mechani- 
cally.' That  is  to  say,  that  it  is  the  sense  of  this  Convention 
that  the  best  coupler  '  mechanically  '  is  one  which  performs 
the  coupling  along  a  vertical  plane." 

This  amendment  was  accepted,  and  iu  that  form  the  reso- 
lution was  adopted.  Afterward  Wall  added — and  with  the 
light  of  more  than  a  decade  on  this  question  his  words  seem 
prophetic—"  I  submit,  Mr.  President,  that  in  passing  the  mo- 
tion which  has  just  been  carried,  we  have  done  away  with  the 
link-and-piu  coupling  or  any  coupliug  which  involves  that 
principle.  We  have  voted  that  it  is  the  sense  of  the  meeting 
that  the  coupler  which  best  fulfills  mechanical  principles  shall 
couple  iu  a  vertical  plane  ;  that  necessarily  does  away  with  links 
ami  jn'ns." 

The  opponents  of  the  measure  did  not  realize  at  first  that 
they  were  totally  routed,  and  they  tried  to  retrieve  their  lost 
ground,  until  finally  the  following  resolution  was  ironically 
proposed,  and  was  actually  adopted,  by  thic  votes  of  those  who 
opposed  the  original  resolution  : 

"  Resolved,  That  the  Convention  recommends  to  any  railroads 
wishing  to  experiment  with  couplers  not  belonging  to  the 
most  mechanically  perfect  class,  as  Janney's  or  Cowell's,  to 
experiment  with  the  following  :  The  Archer,  Ames,  United 
States,  Mitchell,  Wilson  &  Walker,  Conway  Ball  and  Gilford." 

It  was  never  learned  that  any  railroads  "  wished  to  experi- 
ment with  couplers  nut  belonging  to  the  most  mechauically 
perfect  class." 


By  his  courage  and  adroitness  and  the  quick  invention  of 
the  happy  descriptive  term,  "  vertical-plane  coupler,"  the  meas- 
ure was  carried  through  triumphantly,  and  has  been  and  will 
continue  to  be  the  direct  means  of  saving  hundreds  or  thou- 
sands of  lives,  and  preventing  an  untold  amount  of  suffering 
and  pain. 

He  always  took  a  very  active  part  in  the  business  of  this 
Association.  Among  the  older  members  of  this  body  was  one, 
a  man  of  long  experience  in  his  occupation,  and  with  convic- 
tions which  he  was  always  ready  to  advocate.  He  was  one  of 
the  few  representatives  left  of  the  old-fashioned  New  England 
mechanic,  with  a  strong  down- East  dialect,  conservative  in 
his  views,  but  keen,  shrewd  and  loquacious.  He  and  Wall 
were  the  very  opposites  of  each  other  in  both  body  and  mind 
— the  one  was  tall  and  thin  and  resembled  the  typical  pre- 
sentment of  Brother  Jonathan,  with  a  sharp,  shrewd  face,  and 
with  a  mind  which  moved  slowly,  but  with  considerable  mo- 
mentum ;  the  other  was  short  and  stout,  with  a  face  beaming 
with  smiles  and  hilarity,  and  whose  mind  and  speech  were 
always  quick,  agile  and  incisive.  What  may  be  called  the 
contestations  of  these  two  men  afforded  an  infinite  amount  of 
entertainment  and  often  much  instruction  to  their  fellow-mem- 
bers. Our  New  England  friend  would  rise  and  state  his  propo- 
sition and  opinions,  always  at  considerable  length,  and  deliver 
them  like  a  broadside  from  an  old-fashioned  man-of-war. 
Wall  would  then  hover  around  him  somewhat  like  a  modern 
torpedo  boat  about  an  ironclad,  and  at  the  first  opportunity 
would  deliver  a  shot,  which  went  as  direct  to  the  vulnerable 
point  of  his  opponent's  facts  or  arguments  as  a  shell  from  a 
rifled  gun,  and  was  often  quite  as  destructive  as  such  a  mis- 
sile would  have  been  to  a  wall  of  wood.  After  such  en- 
counters they  would  both  drum  their  forces  to  quarters  with 
the  utmost  good  humor  on  both  sides,  and,  to  speak  colloquial- 
ly, would  again  "  lay  for  each  other." 

Of  the  many  delightful  incidents  which  have  been  current 
among  Wall's  friends,  was  one  which  occurred  at  a  political 
meeting  to  which  he  was  appointed  a  delegate.  It  should  be 
mentioned,  perhaps,  that  he  took  a  deep — and  it  hardly  need 
be  added — an  intelligent  interest  in  public  affairs,  and  had  a 
leaning  which  inclined  him  in  the  direction  of  political  life. 
Like  many  other  good  people,  he  could  not  brook  the  nomina- 
tion of  Blaine  for  the  Presidency,  and  went  as  a  delegate  to  a 
protesting  meeting  in  Chicago.  While  there  there  was  the 
usual  amount  of  boisterous  and  more  or  less  senseless  oratory 
and  enthusiasm  characteristic  of  such  meetings,  and  at  the 
mention  of  the  name  of  Lincoln  three  cheers  were  proposed, 
and  when  Garfield  was  mentioned  there  were  more  cheers,  and 
at  the  mention  of  the  names  of  other  men  and  measures  there 
was  vociferous  applause,  etc.  And  now  the  speaker  said, 
"  These  people  have  not  seen  the  handwriting  on  the  wall. 
[Cheers.]  In  the  nomination  of  James  G.  Blaine  [again  there 
were  cheers]  they  have  invited  us  to  a  Belshazzar  feast." 
"  Three  cheers  for  Belshazzar  !"  shouted  Wall,  and  they  were 
given  until  the  root  rang,  and  before  the  crowd  learned  that 
they  were  cheering  an  ancient  reprobate  who  had  been  dead 
some  thousands  of  years  and  who  probably  has  not  been 
cheered  since  then. 

In  a  letter  to  his  brother,  written  only  a  few  weeks  before 
his  death.  Wall  congratulated  him  in  this  brotherly  way,  so 
characteristic  of  his  nature  :  "  I  was  glad  to  learn  that  you 
came  through  your  counsellor  exam's  with  flying  colors. 
There  was  nothing  else  for  you  to  do,  and  we  all  had  that 
cruel  confidence  in  you  which  a  fellow  has  no  escape  from." 

Again,  what  could  be  more  charming  than  this  tender  refer- 
ence to  his  motherless  boy,  in  the  same  letter  in  which  he  con- 
giatulated  his  brother  : 

"  Barry,"  he  said,  "  was  charming  at  Columbus  on  Tuesday 
evening,  fat,  fresh  and  bright — no  crying  or  muling  either  in 
his  heart  or  at  his  little  mouth — which,  by  the  way,  is  very 
small  in  repose,  but  goes  from  ear  to  ear,  like  his  uncle's, 
when  he  grins." 

In  writing  a  brief  account  like  this,  which  can  do  such  scant 
justice  to  the  friend  and  companion  of  many  who  will  read  it, 
the  sad  shadows  which  are  cast  by  the  still  fresh  recollections 
of  his  charming  nature  lead  naturally  to  a  record  of  those 
traits  which  were  most  attractive  to  US  who  knew  him,  to  his 
joyous  life,  his  good-fellowship,  his  Gemuthlichkeit—as  the 
Germans  express  it  ;  and  yet,  if  this  side  of  his  character  were 
alone  portrayed,  it  would  not  do  full  justice  to  those  stronger 
traits  which  were  revealed  whenever  there  was  occasion  for 
their  exercise.  There  was  probably  no  young  man  engaged 
in  what,  for  the  want  of  a  better  term,  must  be  called  "  rail- 
roading," of  whose  future  so  many  flattering  predictions  have 
been  made.  His  associates  instinctively  felt  that  there  was  a 
brilliant  future  before  him.  His  talents,  as  has  already  been 
remarked,  led  him  in  the  direction  of  executive  duties  rather 
than  to  those  of  the  reflective   mechanic,   inventor,  or  eugi- 
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neer.  In  the  administration  of  affairs  he  had  already  won 
distinction,  and  those  who  knew  him  best  felt  that,  perhaps, 
the  only  bar  in  the  way  of  a  more  rapid  promotion,  a  few 
more  years  of  age  and  experience  would  remove.  His  life 
may  be  likened  to  a  fertile  field,  which  had  been  carefully 
cultivated  and  sown.  The  waving  grain  was  full  of  prom- 
ise, but,  in  this  world,  the  full  harvest  will  never  be 
gathered. 


The  following  notice  of  the  death  and  recognition  of  the 
worth  of  the  friend  and  companion  of  so  many  of  our  readers 
has  been  published,  since  the  above  was  written,  in  the  annual 
report  of  the  President  of  the  Pittsburgh,  Cincinnati,  Chicago 
&  St.  Louis  Railway  Company  : 

"  While  engaged  in  the  preparation  of  this  report,  death  has 
again  deprive  1  the  company  of  the  services  of  one  of  its  most 
promising  and  valuable  officers,  Mr.  Edward  B.  Wall.  who. 
on  March  1,  1893,  was  appointed  Assistant  to  the  First  Vice- 
President,  and  transferred  to  Chicago,  with  the  general  super- 
vision of  traffic  questions  arising  at  that  point,  and  particularly 
in  connection  with  the  Columbian  Exposition.  This  office 
having  been  abolished  in  January,  1894.  .Mr.  Wall  was  ap- 
pointed Assistant  to  the  General  Manager,  with  special  super- 
vision of  the  operations  of  the  Purchasing  Department.  His 
long  connection  with  the  Motive  Power  Department  and 
general  knowledge  of  transportation  had  thoroughly  fitted 
him  for  discharge  of  responsible  duties,  and  his  sudden  death. 
on  April  1,  has  entailed  on  our  company  a  loss  which  cannot 
be  too  highly  regretted. 

"  By  order  of  the  Board. 

"  G.  B.  Roberts,  Presi-J 


General  Notes. 


Detroit  Graphite  Manufacturing  Company  have  a  contract 
for  painting  the  iron  work  of  four  of  the  largest  buildings  in 
Detroit,  including  the  Chamber  of  Commerce  building  with 
their  L.  S.  G.  paint. 

Chicago,  Milwaukee  &  St.  Paul  Railway  Co. — After 
April  15,  1894,  the  general  offices  of  this  company  will  be  lo- 
cated in  the  Old  Colony  Building,  corner  Van  Buren  and  Dear- 
born Streets,  Chicago. 

The  Baltimore  &  Ohio  Railroad  Company's  World's  Fair 
exhibit,  which  was  shipped  to  Baltimore  at  the  close  of  the 
Exhibition,  is  now  being  reloaded  and  returned  to  Chicago. 
It  has  been  donated  to  the  permanent  Columbian  Exhibition. 

Messrs.  Westinghouse,  Church,  Kerr  &  Co.  have  removed 
their  office  to  a  suite  of  four  large  connecting  rooms  on  the 
sixth  floor  of  the  Havemeyer  Building,  in  New  York.  This 
is  one  of  the  few  firm-  who  report  a  good  business  in  these 
dull  times. 

William  C  Baker  reports  that  he  is  selling  some  thousands 
of  the  sure  safety  vent  for  his  fireproof  heater  to  many  of  the 
most  prominent  roads  in  this  country.  This  vent  is  a  solid 
frangible  disk  which  is  sure  to  blow  out,  and  thus  instantly 
relieve  any  excessive  or  dangerous  pressure  in  the  Baker 
heater. 

The  Armstrong  Manufacturing  Company,  Bridgeport, 
Conn.,  find  a  good  demand  for  their  improved  pipe-threading 
and  cutting-off  machines,  which  are  built  on  honor  and  with  the 
view  of  saving  time  and  labor  in  their  operation.  The  cata- 
logue of  this  concern  should  be  consulted  by  those  who  want 
the  latest  and  best  in  this  line  of  goods. 

The  Sheffield  Velocipede  Car  Company,  of  Three  Rivers, 
Mich.,  has  developed  the  business  of  car  making  in  so  many 
different  directions,  embracing  such  a  variety  of  cars,  that  its 
title  has  become  misleading.  The  word  "  Velocipede"  has 
therefore  been  dropped  from  its  name,  and  the  company  is 
hereafter  to  lie  known  as  the  Sheffield  Car  Company. 

The  Cleveland  Twist  Drill  Company,  of  Cleveland,  O., 
report  that  their  grip  socket-  are  selling  faster  than  they  can 
make  them.  They  have  just  furnished  the  United  States  Gov- 
ernment, at  the  Washington  Navy  Yard,  six  of  each  size,  from 
No.  1  to  No.  5  inclusive,  being  30  sockets  in  all.  As  the  naval 
officials  never  adopt  a  new  thing  without  careful  investigation, 
this  speaks  well  for  the  mi  r  se  sockets. 

Riehle  Brothers  Testing  Machine  Company,  of  Philadel- 
phia, Pa.,  have  appointed  Mr.  Carroll  B.  Smith,  32  Builders' 
Exchange,  Buffalo,  X.  Y..  their  Selling  Agent  for  Buffalo  and 
vicinity  for  the  Riehle  United  state-  standard  Testing  Ma- 
chines and   special   Testing   Appliances,   the   Riehle   Marble 


Molding  and  Countersinking  Machini  -.  Marble  Sanders  and 
Hold  Cutters,  Riehle-Robie  Patent  Ball  Bearing  Si  tew  licks. 
Screw  and  Hydraulic  Presses,  and  the  Riehle- Anderson  Safety 
Track  Jack.  ' 

The  Hoppes  Manufacturing  Company.  Springfield,  (>., 
have  received  the  contract  for  the  purifiers  to  supply  the  boil- 
ers with  pure  feed  water  for  the  city  electric  light  plant,  now 
being  built  by  the  Public  Lighting  Commission  of  Detroit, 
Mich.  The  Hoppes  purifiers  having  been  selected  after  very 
strong  competition.  The  order  calls  for  seven  300-H.P.  puri- 
fiers to  carry  !<>.">  lbs.  of  steam  working  pressure.  Each  puri- 
fier is  required  to  heat  aud  purify  9,000  lbs.  of  boiler  feed 
water  per  hour. 

The  Detrick  &  Harvey  Machine  Company,  of  Baltimore, 
have  recently  purchased  from  the  Capitol  Manufacturing 
Company,  of  Chicago,  their  business  of  manufacturing  the 
well-known  Adams  bolt  threading  and  Cook  nut  tapping  ma- 
chines. The  excellent  reputation  of  these  machines  for  ac- 
curacy and  durability  is  so  universally  established  that  it  is 
unnecessary  to  go  into  details  at  this  time.  The  Detrick  & 
Harvey  Machine  Company  have  an  excellent  plant  :  and  with 
the  increased  facilities  of  special  machinery  they  are  prepared 
to  turn  out  machines  of  the  highest  grade  of  workmanship. 

The  Joseph  Dixon  Crucible  Company,  Jersey  City,  X.  J., 
are  putting  a  cycle  chain  graphite  on  the  market,  which  for 
purity  of  graphite  and  usefulness  is  vastly  superior  to  any- 
thing of  the  kind  heretofore  prepared.  The  graphite  is  not 
odIv  of  the  choicest  stock,  but  is  ground  to  an  impalpable 
powder  and  then  reground  with  a  high  grade  of  lubricating 
oil.  This  material  when  applied  to  the  chain  of  a  bicycle 
penetrates  to  the  bearings  and  thoroughlv  lubricates  and  pro- 
tects them  from  wear'  and  rust.  The  Dixon  Company  will 
shortly  put  the  same  material  on  the  market  in  solid  form  for 
convenience  of  wheelmen  who  wish  to  carry  it  in  the  tool  bag. 

Pumps  for  the  Navy. — Probably  the  largest  order  for  steam 
pumps  ever  given  out  in  this  country  by  one  concern  was 
awarded  to  the  George  F.  Blake  Manufacturing  Company  by 
the  William  Cramp  &  Sons'  Ship  and  Engine  Building  Company 
for  a  complete  outfit  of  pumps  for  the  V.  S.  cruisers  New  York, 
Columbia,  and  battle-ships  Indiana  and  Massachusetts.  The 
contract  covered  over  one  hundred  steam  pumps  of  all  kinds, 
including  independent  air  pumps  for  the  main  condensers, 
hydraulic  pressure  pumps  for  operating  the  guns,  main  and  aux- 
iliary feed  pumps,  main  and  auxiliary  fire  pumps,  wrecking 
pumps,  bilge  pumps,  water  service  pumps,  engine-room  oil 
pumps,  drainage  pumps,  and  steam  pumps  for  the  steam 
launches  of  the  vessels  named.  Since  the  receipt  of  this  order 
the  George  F.  Blake  Manufacturing  Company  have  also  closed 
the  contract  with  the  Cramp  Company  for  a  similar  supply  of 
pumps  for  the  cruisers  Minneapolis  and  Brooklyn  and  the  bat- 
tle-ship lotra.  The  following  U.  S.  naval  vessels  are  also 
furnished  with  Blake  pumps  :  Phihidelpltin,  Ni  "go. 

Boston,  Atlanta,  Maine,  Puritan,  Mianlonomah,  Manadnoek, 
Terror,  Amphitriu ,   Katahrtin.  Detroit,  Montgomery,  Marble- 
iin,  Maehias,  Oastine,  /'.  I  •'     Vesuvius, 
l,  aud  many  other-. 

The  Schenectady  Locomotive  Works  are  improving  the 
opportunity  of  the  dull  times  by  replacing  their  old  machine 
shop  with  a  new  two-story  modern  structure  built  of  steel 
framework  and  brick  filling.  The  new  building  will  be  80  ft. 
in  width  by  368  ft.  in  length.  The  first  floor  will  have  two 
Sellers' electric  cranes,  traveling  the  entire  length  of  the  build- 
ing, and  covering  all  the  heavy  tools  used  on  locomotive 
frames  and  driving-wheels.  The  Phoenix  Iron  Company,  of 
Philadelphia,  have  the  contract  for  the  steel  framework  of  the 
building,  while  the  masonry  is  being  done  by  a  local  builder. 
The  B.  F.  Sturtevant  Company,  of  Boston,  are  furnishing 
their  blower  system  of  steam  healing,  which  is  used  with  suc- 
cess in  a  number  of  other  departments  of  the  works.  The  old 
machine  shop,  now  demolished,  was  built  in  1866.  replacing  a 
structure  which  at  that  time  was  destroyed  by  fire.  The  ma- 
chine tools  have  been  temporarily  transferred  to  other  build- 
ings, and  set  up  so  no  delay  in  filling  orders  will  be  experi- 
enced during  the  construction  of  the  building.  It  is  expected 
the  new  building  will  be  completed  in  June.  With  the  com- 
pletion of  this  building  these  works  will  be  the  most  modern 
in  buildings  and  equipment  in  this  country,  if  not  in  the  world, 
the  entire  plant  having  been  practically  rebuilt  and  equipped 
with  new  tools  during  the  past  ten  or  twelve  years.  The 
works  are  also  about  to  receive  a  large  hydraulic  flanging 
plant  for  flanging  boiler-work,  which  is  about  completed  by 
the  Morgan  Engineering  Company,  Alliance.  O.  This  is  the 
largest  and  most  modern  plant  of  its  kind  ever  constructed  for 
this  purpose. 
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Manufactures. 


NEW  METHOD  OF  DRIVING  DRILLS. 


Every  mechanic  knows  that  the  weakest  point  about  the 
ordinary  taper  shank  twist  drill  is  the  flattened  end  of  the 
shank,  which  frequently  twists  off  long  before  the  drill  is 
worn  out,  or,  if  it  does  not,  it  will  often  cut  or  ream  out  the 
flat  recess  in  the  socket.  In  either  event  the  drill  or  the 
socket  are  forever  after  useless  until  considerable  expense  has 
been  put  on  them  in  the  way  of  repairs.  The  Cleveland  Twist 
Drill  Company,  of  Cleveland,  O.,  hav»  gotten  up  what  they 
call  a  grip  socket  that  entirely  overcomes  this,  the  only  weak 
point  in  the  modern  system  of  taper  shanks.  This  grip  socket 
is  fully  shown  in  the  illustrations.  A  steel  key  is  let  into  one 
side  of  the  ordinary  socket,  and  its  inner  side  engages  in  a 
groove  or  flattened  place  prepared  for  it  on  the  shank  of  the 
drill.  A  slight  turn  of  the  eccentrically  counter-bored  sleeve 
or  collar  fastens  or  locks  the  key  securely  in  its  seat,  and  then 
the  drill  cannot  be  turned  in  its  socket  or  pulled  out.  This 
key  is  so  located  in  the  body  of  the  socket  that  the  tang  on  the 
drill  will  fit  into  the  usual  slot  or  recess  prepared  for  it,  and  in 
this  way  the  socket  has  a  double  driving  power.  The  ad- 
vantages aiising  from  the  fact  that  the  drill  cannot  be  pulled 


FIG.  I 


FIG. 4 


FIG  5 
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FIG. 6 


out  till  the  collar  is  turned  back  and  the  key  released  are 
many,  as  heavy  tools  have  a  provoking  way  of  dropping  out 
of  their  sockets  at  most  inopportune  times,  and  many  drills  are 
dulled  or  spoiled  by  tapping  them  into  place  by  a  hammer. 
If  this  simple  drilling  device  is  put  directly  on  to  the  drilling 
machine  spindle,  heavy  undercutting  can  be  done  with  boring 
liars,  and  the  labor  necessary  to  turn  over  heavy  castings  en- 
tirely avoided.  These  grip  sockets  will  hold  just  as  perfectly 
and  securely  straight  shank  drills,  and  can  be  furnished  with 
i,  i.  4.  i  and  1  in.  holes  for  straight  shank  drills.  The  com- 
pany propose  to  put  this  necessary  groove  in  the  shanks  of  all 
their  drills  so  that  they  can  be  used  in  these  grip  sockets  just 
as  the  purchaser  may  prefer.  A  drill  that  has  had  the  tang 
twisted  off  can  be  made  as  good  as  new  for  use  in  this  grip  socket 
by  milling  a  half  round  "groove  in  the  shank,  or  if  it  is  not 
convenient  to  mill  it,  a  flat  piece  can  be  filed  or  ground  in  the 
shank,  care  being  taken  that  such  groove  or  flat  place  has  a 
taper  the  reverse  of  that  on  the  outside  of  the  shank,  as  shown 
in  the  section  drawing  of  the  illustration.  The  small  cut 
illustrates  the  reducer  or  shell  sockets  used  with  the  grip. 
The  Twist  Drill  Compauy  have  applied  the  gripping  device 


directly  to  several  drill  press  spindles,  and  will  furnish  collars 
properly  constructed  for  that  purpose  on  application  at  a  very 
trilling  expense.  They  have  put  in  special  machinery  for 
making  these  grips,  and  as  all  parts  will  be  made  to  jigs  or 
standards,  they  can  furnish  duplicate  parts  at  any  time. 


THE  BALL  &  WOOD  COMPANY'S    NEW  VERTI- 
CAL ENGINE  OF  600  H.P. 


This  company  issued  invitations  to  a  number  of  engineers 
and  others  to  visit  their  shops  at  Elizabethport  on  Saturday 
afternoon,  March  31,  to  inspect  a  new  vertical  engine  just 
completed  for  the  Chicago  Edison  Company.  Avery  'goodly" 
company  availed  themselves  of  this  privilege,  and  spent  some 
hours  in  inspecting  the  engine  and  works. 

To  the  visitors  "  A  Brief  Description"  of  this  engine  was 
distributed,  which  is  of  sufficient  interest  to  justify  us  in  re- 
printing it  : 

Engineers  and  the  public  at  the  present  time  seem  divided 
in  their  preferences  between  two  types  of  engines — the  slow 
speed,  represented  in  its  best  form  by  the  Corliss  engine,  and 
the  high  speed,  in  the  various  forms  which  have  recently 
come  so  largely  into  use.  The  Corliss  engine  has  been,  and  is 
now,  the  standard  for  economical  consumption  of  steam  ;  but 
the  highspeed  engine  offers  so  many  other  advantages  that, 
in  many  cases,  it  becomes  unquestionably  the  better  one  for 
practical  service. 

Since  the  beginning  of  this  rivalry  between  the  two  classes 
of  engines,  there  has  been  a  recognized  place  for  an  engine 
which  possesses  the  best  economy  of  the  Corliss  engine,  and 
at  the  same  time,  some  of  the  undisputed  advantages  of  the 
high-speed  type,  in  the  direction  of  higher  rotation,  smaller  floor 
space  and  better  regulation. 

The  recent  advent  of  electrical  dynamos,  arranged  to  be 
placed  directly  on  the  engine  shaft,  has  greatly  emphasized 
the  want  above  described,  because  of  the  great  saving  in  cost 
of  dynamos  when  higher  rotative  speeds  are  employed,  and 
the  desirability  also  of  close  regulation. 

With  increased  rotative  speed  shorter  stroke  is  permissible  ; 
and  hence  the  vertical  form  of  engine,  with  its  many  advan- 
tages, offers  fewer  disadvantages  than  when  extremely  long 
strokes  are  used. 

The  engine  herewith  described  has  been  designed  and  built 
with  the  foregoing  state  of  facts  in  view,  and,  it  is  believed, 
will  meet  the  hearty  approval  of  engineers. 

Its  chief  characteristics  are  : 

1.  Unexcelled  economy,  obtained  by  minimum  clearance 
spaces  and  correct  distribution  of  steam. 

2.  Moderately  high  rotative  speed. 

3.  Superb  regulation. 

4.  A  cut  off -calve  gear  giving  rapid  cut  off' and  wide  opening 
of  ports  at  all  points  from  zero  to  three-quarter  stroke. 

5.  Small  floor  space. 

6.  Special  adaptation  to  driving  direct  connected  dynamos,  by 
reason  of  the  shaft  being  entirely  unencumbered  with  valve 
gear  at  both  ends  outside  of  the  pillow  blocks. 

7.  Desirability  for  mill  work,  in  the  combination  of  economy 
and  regulation. 

A  brief  consideration  of  the  foregoing  features  may  not  be 
uninteresting  here  as  an  accompaniment  of  the  illustrations  of 
this  engine. 

Economy  of  Steam. — The  expression  "  unexcelled  economy 
of  steam"  is  often  applied  indiscriminately,  and  even  to  the 
most  wasteful  engines.  Purchasers  have  learned  to  interpret 
this  expression  according  to  the  probable  performance  of  the 
engine  as  judged  by  well-known  principles  of  steam  engineer- 
ing, established  by* careful  tests.  For  instance,  correct  steam 
distribution  and  small  clearance  are  features  that  are  found  in 
every  engine  that  has  made  a  record  for  small  consumption  of 
steam.  The  best  steam  distribution  is  undoubtedly  obtained 
with  some  form  or  modification  of  the  Corliss  wrist-plate  mo- 
tion and  valves,  and  the  smallest  possible  clearance  is  obtained 
by  placing  these  valves  in  the  cylinder  heads.  The  engine 
holding  the  world's  record  for  economy  at  this  writing  has 
just  this  arrangement.  For  good  reason,  then,  it  has  been 
adopted  in  the  engine  under  consideration. 

Rotative  Speed.  —  The  Corliss  releasing  gear  practically  lim- 
its the  rotative  speed  to  about  100  revolutions  per  minute,  or 
less  ;  but  in  the  engine  here  described  the  automatic  cut-off  is 
obtained  by  independently  operated  cut-off  valves  placed  in- 
side the  steam  valves,  and  actuated  by  a  specially  designed 
governor.  This  arrangement  places  no'restriction  on  rotative 
speed,  which  is  decided  by  other  considerations,  ami  the  aim 
has  been  to  find  a  medium  unobjectionable  to  the  slow-speed 
advocates. 
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Regulation. — The  governing  mechanism  of  the  engine  must 
be  of  special  interest  to  the  student  of  valve  gears.  Begin- 
ning with  :i  well  known  form  of  shaft  governor,  the  principles 
of  which  have  attracted  the  attention  and  admiration  of  the 
ablest  engineers  of  the  day,  the  superb  regulation  thus  ob- 
tained is  made  effective  by  transmitting  the  necessary  motion 
to  the  cut-off  valves  through  a  special  wrist-plate  device,  in 
which  a  compound  motion  is  obtained,  and  the  cut-off  valves 
at  all  points  of  cut  off  operate  relatively  to  the  main  valves 
just  as  though  the  latter  were  standing  still,  thus  preventing 
wire  drawing  of  steam  at  any  point  of  cut  off. 

Wide  Ports  and  Rapid  Cutoff. — The  location  of  the  valves 
in  the  cylinder  head,  giving  as  it  does  the  shortest  possible 
ports,  permits  of  their  being  of  ample  capacity  without  an 
appreciable  increase  of  clearance. 

The  peculiar  motion  of  the  cut-off  valve  utilizes  these  wide 
ports  to  the  fullest  possible  extent,  and  the  cut-off  motion  at 
every  point  from  zero  to  three  quarter  stroke  is  a  rapid  one, 
in  fact  as  rapid  as  is  obtained  from  the  releasing  gear,  because 
of  the  higher  rotative  speed  of  the  engine. 

Another  feature  of  great  importance  in  this  gear,  particularly 
with  compound  engines,  or  where  moments  of  excessive  over- 
load occur,  is  its  ability  to  cut  off  at  three-quarter  stroke,  while 
the  Corliss  gear  is  limited  to  about  half  stroke. 

Small  Floor  Space. — This  feature  may  or  may  not  be  of 
special  interest  to  the  purchaser.  In  most  cases  floor  space  is 
valuable,  and  often  extremely  so.  The  compact  form  of  this 
engine  recommends  it  particularly  to  those  who  are  limited  in 
this  direction. 

Direct-driven  Dynamos. — While  the  engine  that  has  been 
described  is  eminently  suited  to  any  service  requiring  station- 
ary engines  of  the  highest  efficiency,  it  has  special  features  of 
adaptability  to  the  work  of  driving  electrical  dynamos  built 
upon  the  engine  shaft  and  free  from  any  encumbrance,  and 
may  each  carry  a  dynamo  or  belt  wheel  if  desired.  It  has 
already  been  described  in  regard  to  its  rotative  speed  and 
close  regulation,  both  of  which  add  greatly  to  its  value  in  this 
service. 

Manufacturing  and  MiU  W>rk.—Too  much  emphasis  cannot 
be  given  to  the  advantages  found  in  uniformity  of  speed  under 
all  conditions  of  load.  In  spinning  and  weaving  this  is  es- 
pecially true  ;  and  we  offer  to  mills  something  not  heretofore 
obtainable  in  the  combination  of  this  regulation  and  steam 
consumption,  with  the  further  advantage  of  safety  in  the  use 
of  wheels  of  small  diameter.  Fly-wheel  accidents,  fatal  to  life 
and  property,  are  common  to  slow-running  engines  possessing 
wheels  of  excessive  size  and  inferior  governing  mechanism  ; 
and,  we  believe,  in  the  engines  of  our  design  these  serious 
risks  are  overcome. 


ALUMINUM  DRAWING  INSTRUMENTS. 

The  Bennett  Manufacturing  Company  have  submitted  to 
us  a  considerable  number  of  letters  from  draftsmen  in  differ- 
ent parts  of  the  country,  testifying  to  the  satisfaction  they 
have  derived  from  the  use  of  theii  drawing  instruments  made 
of  an  alloy  of  aluminum. 

Mr.  William  II.  Wahl,  Secretary  of  the  Franklin  Institute, 
writes  that  he  "finds  the  specific  gravity  of  the  sample  of 
aluminum  alloy  you  left  with  me  a  few  days  ago  to  be  2. 96. 
Pure  aluminum  is  2.6. 

"  Considering  the  remarkable  increment  of  stiffness  and 
hardness  your  alloy  possesses  in  comparison  with  pure 
aluminum,  the  comparatively  small  increase  of  specific  gravity 
is  interesting  to  note.  You  certainly  secure  these  advantages 
without  appreciable  sacrifice  of  lightness." 

At  the  last  meeting  of  members  of  the  Society  of  Mechanical 
Engineers  specimens  of  nickel  aluminum  was  exhibited  which 
had  been  sent  by  Mr.  Alfred  E.  Hunt,  of  the  Pittsburgh  Re- 
duction Company.  One  specimen  was  a  rectangular  bar  18 
in.  long,  1]2  X  i  in.,  which  was  bent  in  the  middle  and  had  a 
peimanent  set  of  1J  in. 

"This."  Mr.  Hunt  wrote,  "had  been  tested  under  trans- 
verse test,  it  taking  400  lbs.  to  deflect  the  sample  to  the 
amount  of  the  one  sent,  the  distance  between  the  supports 
being  16  in.,  C  to  C  A  similar  piece  of  66,000  lbs.  tensile 
strength  steel,  with  23  percent,  elongation  in  8  in.,  took  exactly 
the  same  load — 400  lbs. — to  deflect  to  exactly  the  same  amount. 

"  I  also  take  pleasure,"  Mr.  Hunt  wrote,  "  in  sending  you  a 
sample  of  nickel-aluminum  which  has  had  a  |-in.  hole  bored 
into  it  and  enlarged  by  blows  of  a  sledge  upon  a  drift-pin  to 
2  in.     This  is  a  test  which  steel  would  by  no  means  have  stood." 

This  specimen  was  also  exhibited.  Mr.  Hunt,  continuing, 
said  :  "  This  is  a  new  alloy  which  the  Pittsburgh  Reduction 
Company  is  just  getting  out,  and  which  is  a  very  interesting 
one,  and  promises  to  enlarge  the  field  for  aluminum  consider- 
ably." 


Recent  Patents. 


HEI.MIIOLTZ  S   LOCOMOTIVE   KCNNINC.-GEAR. 

Richard  Hei.miioi.tz,  "a  subject  of  the  Emperor  of  Ger- 
many, residing  at  KOnigsberg,  East  Prussia,  Prussia,  Ger- 
many," has  patented  the  arrangement  of  wheels  and  axles  for 
locomotives  shown  in  figs.  1  and  2.  As  will  be  seen,  fig.  1  is 
a  side  elevation,  the  front  part,  or  attachments  to  the  truck 
wheels,  being  shown  in  section,  and  fig.  2  is  a  sectional  plan 
drawn  through  the  axles.  The  rear  or  trailing  wheels  .1  .1 
are  attached  to  an  axle  A',  which  is  held  in  axle-boxes  in  the 
ordinary  way.  The  two  boxes  of  the  front  driving-axle,  B", 
arc  both  made  in  one  piece  and  are  held  in  jaws  in  the  frame, 
and  are  fitted  so  as  to  have  a  certain  amount  of  lateral  motion 
which  permits  the  axle  and  wheels  to  move  with  it.  The 
truck  axle-boxes  on  the  axle  C  are  made  in  the  same  way,  and 
are  free  to  move  laterally.  A  triangular-shaped  frame  G  is 
attached  rigidly  to  these  boxes,  and  is  also  pivotally  connected 
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HELMHOLTZ'S  LOCOMOTIVE  ( RUXXING-GEAK. 

at  D  to  the  front  driving  axle-boxes.  This  frame  is  also  con- 
nected to  the  bed-plate  or  the  smoke-box  by  a  fixed  pivot  E 
and  a  spherical  bearing  shown  in  fig.  1.  The  coupling-rods  k  k 
are  also  connected  to  the  crank-pins  k'  k'  by  ball  joints. 

From  the  engravings  it  will  be  seen  that  the  front  driving- 
wheels  B  B  and  the  truck  wheels  are  free  to  move  laterally  in 
relation  to  the  locomotive  frame,  and  it  will  also  be  seen  that 
if  the  one  pair  moves  sidewise  in  one  direction  that  the  action 
of  the  truck  frame  about  the  pivot  E  will  move  the  other  pair 
of  wheels  in  the  opposite  direction.  The  number  of  this  pat- 
ent is  564,320.  and  is  dated  February  6,  1894. 

VON  BORUIES'    COMPOUND   LOCOMOTIVE. 

Mr.  August  Von  Borries,  of  Hanover,  Germany,  has  pat- 
ented the  form  of  intercepting  valve  illustrated  by  rigs.  3  and  4. 
In  his  specification  he  describes  his  invention  as  follows  : 

"  It  relates  to  valve  apparatus  for  compound  engines  whereby 
an  engine  provided  therewith  can  be  worked  at  will  either  as 
a  compound  engine,  or  as  a  non-compound  engine,  as,  for  in- 
stance, when  it  is  desired  thai  the  power  of  the  engine  should 
be  temporarily  increased  to  meet  special  demands  above  the 
normal  working  average  ;  as,  for  example,  in  the  case  of  a 
locomotive,  for  ascending  an  incline,  for  starting  a  heavy 
train,  or  for  shunting  rapidly.  According  thereto  within  a 
suitable  valve  case  are  arranged  two  connected  piston-valves 
that  control  passages  between  the  receiver  and  the  low-press- 
ure cylinder,  between  the  receiver  and  the  low-pressure  exhaust 
passage,  and  between  a  high-pressure  steam-pipe  and  the  low- 
pressure  cylinder.  One  of  these  valves,  hereinafter  called  for 
distinction  the  exhaust-valve,  is  larger  than  the  other,  and 
serves  when  the  engine  is  working  compound  to  prevent  the 
passage  of  steam  from  the  receiver  to  the  low-pressure  exhaust 
passage  direct.  The  smaller  valve,  hereinafter  termed  the 
steam-valve,  is  under  these  circumstances  inoperative,  but  by 
admitting  live  steam  behind  it,  both  it  and  the  exhaust-valve 
will  be  automatically  moved  into  such  positions  that  the  ex- 
haust from  the  high-pressure  cylinder  can  pass  from  the  re- 
ceiver direct  into  the  low-pressure  exhaust-pipe,  while  the  said 
live  steam  will  pass  at  a  reduced  pressure  into  the  low-pressure 
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cylinder,  which  thereby  becomes  for  the  time  being  a  high- 
pressure  cylinder,  with  a  consequent  augmentation  of  power 
in  the  engine. 

"  Fig.  3  and  4  are  longitudinal  central  sections  of  valve  ap- 
paratus constructed  according  to  this  invention,  fig.  3  show- 
ing the  valves  in  position  for  working  the  engine  to  which 
they  are  applied,  compound,  while  fig.  4  shows  the  valves  in 
position  for  working  the  engine  as  a  non-compound  engine. 

"J.  is  a  valve-case  formed  with  a  high-pressure  exhaust  pas- 
sage B  B  adapted  to  form  part  of  the  connecting  pipe  or  re- 
ceiver between  the  high  and  the  low-pressure  cylinders,  and 
with  another  passage  C  C  adapted  to  form  part  of  the  low- 
pressure  exhaust  pipe  or  passage. 

"-D  is  a  valve,  herein  called  the  exhaust- valve  :  it  is  in  the 
form  of  a  piston,  and  is  arranged  to  control  an  exhaust-port  or 
passage  E  connecting  the  two  passages  B  B  and  C  C,  and  to 
control  the  flow  of  exhaust  steam  through  the  passage  B  B 
from  the  high  to  the  low-pressure  cylinder. 

"  .Fis  a  valve,  herein  called  the  steam- valve  ;  it  is  in  the  form 
of  a  piston,  and  is  arranged  to  work,  as  shown,  in  a  cylindri- 
cal portion  or  extension  A'  of  the  valve-case  provided"  with  a 
steam  inlet  G  that  is  in  communication  with  the  main  steam- 
pipe,  or  direct  with  the  boiler,  or  is  adapted  to  be  placed  in 
communication  with  either  by  a  cock  or  valve  that  may  be 
worked  by  hand  or  from  the  reversing  rod,  or  by  a  suitable 
construction  of  regulator  valve,  as  will  be  readily  understood 
without  drawings. 

"A"  is  an  opening  for  placing  the  front  end  of  the  exten- 
sion A  in  communication  with  the  atmosphere,  so  that  the 
valve  Fcan  make  its  outstroke  easily. 

"  The  two  valves  are  connected  by  a  rod  H.  The  steam- 
valve  Fis  arranged  to  control  the  passage  between  the  said 
inlet  G  for  live  steam  and  the  valve-chest  of  the  low-pressure 
cylinder  or  cylinders.  In  the  arrangement  shown  the  rod 
connecting  the  exhaust  and  steam-valves  D  F  is  solid  and 
made  in  two  parts  of  different  diameter,  the  part  II' ,  of  larger 
diameter,  being  arranged  to  work  through  a  partition  or 
diaphragm  .4*  placed  between  the  cylinder  in  which  the 
steam- valve  F  works  and  the  passage  B  B ',  and  prevent  live 
steam  flowing  freely  to  the  low-pressure  cylinder  or  cylinders 
until  the  exhaust- valve  D  is  fully  opened,  as  shown  in  fig.  4, 
at  which  time  the  part  H1  of  the  rod  of  smaller  diameter  will 
extend  through  the  hole  in  the  said  partition  or  diaphragm, 


valve-chest  of  the  low-pressure  cylinder  or  cylinders,  so  that 
the  engine  will  then  work  as  an  ordinary  high-pressure  or 
non-compound  engine.  When  the  supply  of  live  steam  to  the 
steam  inlet  G  is  cut  off,  the  valves  will  by  reason  of  the  greater 
pressure  on  the  exhaust-valve  of  steam  within  that  part  B  of 
the  receiver  between  the  valve  case  and  the  steam-chest  of  the 
low-pressure  cylinder,  return  automatically  to  their  normal 
positions  shown  in  fig.  3.  and  the  engine  will  again  work  as  a 
compound  engine. 


VOX  BORBIES-  COMPOOTD  LOCOMOTIVE. 

"  When  the  engine  is  working  non-compound  and  the  thicker 
part  H'  of  the  valve-rod  will  have  passed  out  of  the  hole  in 
the  intermediate  plate  or  partition  J*,  and  formed  a  steam 
passage  of  such  size  as  to  reduce  the  pressure  of  the  live 
steam  that  is  then  flowing  through  this  hole  (by  throttling  it), 
in  such  manner  that  the  total  force  of  the  fuli  pressure  on  the 
smaller  valve  -Fis  kept  equal  to  the  total  force  of  the  reduced 
pressure  on  the  larger  valve  D.  As  a  consequence  of  this 
arrangement  the  following  important  results  are  obtained  :  If 


Ticf.s. 
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and  leave  a  free  passage  for  live  steam  to  the  end  B  of  the 
said  passage  B  B,  whence  it  can  flow  to  the  low-pressure 
cylinder. 

"  By  the  arrangement  described,  when  live  steam  is  admitted 
through  the  said  steam  inlet  G,  so  as  to  act  behind  or  upon  the 
inner  end  of  the  valve  F,  the  two  connected  valves  D  Fwill  be 
automatically  moved  by  the  pressure  of  the  live  steam  on  the 
steam- valve  F  into  the  positions  shown  in  fig.  4.  Th  exhaust - 
valve  D  will  then  close  the  passage  B  B  between  the  high  and 
low-pressure  cylinders  and  open  the  exhaust  port  or  passage  E, 
so  that  each  cylinder  can  exhaust  separately  into  the  exhaust- 
pipe  or  passage  C  C ,  and  the  steam-valve  F  will  occupy  a 
position  in  which  the  part  H"  of  the  rod  connecting  the  valve 
will  extend  through  the  hole  in  the  partition  or  diaphragm  A*, 
and  leave  an  annular  opening,  as  shown,  that  will  effect  a  com- 
munication between  the  main  steam-pipe  or  boiler  and  the 


the  consumption  of  steam  at  the  reduced  pressure  in  the  low- 
pressure  cylinder  becomes  greater,  the  pressure  in  the  pas- 
sage B  will  be  reduced  a  little  thereby,  causing  less  force  on 
the  larger  piston  and  motion  of  both  pistons  to  enlarge  the 
opening  Hi  through  plate  till  the  right  amount  of  reduction 
is  again  reached.  If  the  consumption  of  lower  pressure  steam 
is  reduced,  the  pressure  in  B  will  increase  a  little,  thereby 
causing  the  pistons  to  move  back  a  little  and  reduce  the  size 
of  the  opening  H1  till  the  right  reduction  is  again  reached. 

' '  The  amount  of  reduction  is  proportionate  to  the  areas  of 
piston-valves  F  and  D.  Thus  if  the  smaller  one  is  one-half  the 
area  of  the  large  one  the  pressure  in  B  will  be  reduced  to  one- 
half.  Furthermore,  this  arrangement  possesses  the  excellent 
feature  of  reducing  the  steam  pressure  in  B  to  the  proper 
amount  to  enable  the  total  pressure  on  each  piston  to  be  equal 
when  working  non-compound,  thereby  preventing  too  great  a 
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strain  on  the  working  parts,  and  enabling  the  adhesion  of  the 
driving-wheels  of  a  locomotive  to  be  utilized  in  the  most  ad- 
vantageous manner." 
The"  patent  is  No.  511, 5S1,  and  is  dated  December  26,  1893. 

flumkeb's  smokeless  boiler. 

This  invention  contemplates  a  novel  combination  of  a  down- 
draft  water-grate  6  and  one  or  more  up  draft  fire-grates  T. 
(See  figs.  5  and  6.)  These  different  grates  are  relatively  located 
with  a  series  of  solid  grate-bars  forming  a  separate  fire-grate 
on  each  side  of  the  water-grate.  There  is  a  single  bridge-wall 
8  over  all  the  grates,  and  this  is  distinguished  from  the  usual 
bridge-wall  in  that  it  is  fitted  closely  to  the  under  side  of  the 
boiler  or  other  object  to  be  heated,  so  as  to  prevent  any  pas- 
sage of  products  of  combustion  between  it  and  said  object  ; 
or,  in  other  words,  it  has  an  imperforate  surface  above  the 
grates,  but  it  is  arched  or  otherwise  supported  across  the 
space  beneath  the  object  to  be  heated,  and  in  a  plane  below 
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GREEN'S  ROTARY  BLOWER. 

tin-  plane  in  which  the  grates  are  located,  so  as  to  form  what 
i  term  a  fire-passage  9  centrally  beneath  the  imperforate  portion 
of  said  bridge-wall. 

The  operation  is  described  by  the  inventor  as  follows  : 
"  A  fire  is  built  in  contact  with  all  of  the  fire-surfaces  and 
permitted  to  burn  until  glowing  coals  are  produced  thereon  ; 
then  the  side  fire-surfaces  and  the  central  fire-surface  are  sup- 
plied with  fuel  alternately — that  is,  so  that  there  would  be  a 
glowing  bed  of  coals  upon  the  said  central  fire-surface  always 
when  fresh  fuel  is  thrown  upon  either  of  said  side  fire-BUr- 
-,  and  so  that  the  smoke  from  said  side  fire  surfaces  will 
be  caused  to  pass  downward  through  said  bed  of  glowing 
coals  carried  by  said  central  surface,  said  central  surface  being 
supplied  with  fresh  fuel  at  times  when  said  side-surfaces  have 
lucated  upon  them,  or  one  of  them  at  least,  a  glowing  bed  of 
coals.  It  will  thus  be  observed  that  the  central  fire  surface 
with  its  down  draft  grate  acts  not  only  to  consume  the  smoke 
generated  by  itself,  but  it  acts  as  a  smoke  consumer  for  the 
products  of  combustion  discharged  by  the  fire-surfaces  located 
on  each  side  and  closely  adjacent  it,  with  the  result  that  the 
smoke  produced  by  all  of  the  fire-surfaces  is  consumed  prior 
to  its  discharge  into  the  smoke-stack  or  chimney  of  the  fur- 
nace." 

It  would  seem  as  though  the  operation  of  this  grate  would 
be  improved  if  the  side  grates  wen-  made  inclined  toward  the 
middle  one,  so  that  raw  coal  to  be  fed  on  the  side  grates  and 
when  it  becomes  incandescent  could  be  moved  to  the  middle 
or  down-draft  portion. 


The  inventor  is  William  S.  Plummer,  of  St.  Louis.  His 
patent  is  numbered  514,869,  and  is  dated  February  13,  1894. 

GREEN'S   ROTARY  BLOWER. 

Figs.  7  and  8  represent  a  very  ingenious  form  of  blower, 
which  has  been  patented  bv  Mr.  Thomas  W.  Green,  of  Phila- 
delphia, on  February  20,  1894  (No.  515,812).  The  following 
general  description  from  his  specification  with  figs.  7  and  8, 
which  represent  respectively  an  outside  and  sectional  view, 
will  make  the  construction  of  this  machine  clear  to  the  reader  : 

"  I  mount  upon  suitable  driving-shafts,  D  D,  lying  in  a 
support  parallel  to  each  other  and  inclosed  in  a  proper  air- 
tight casing,  C,  two  iron  frames  E,  E,  commonly  called  re- 
volvers. Each  of  these  revolvers  is  provided  with  two  blades 
or  wings,  a,  a,  for  taking  in  the  air  or  other  fluid,  and  has  the 
parts  lying  between  the  said  wings  or  blades  formed  in  such 
shapes" that  those  parts  of  the  two  revolvers  will  fit  into  and 
upon  each  other  as  the  revolvers  turn  around  and  thus  form  a 
lock  or  cut-off  to  prevent  the  escape  of  the  air  or  water  taken 
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SYMOXDS'  DREDGIXG-BUCKET. 

in,  except  by  the  outlet  provided  and  in  the  manner  described. 
The  two  wings  on  each  revolver  are  located  exactly  opposite 
to  each  other,  and  the  cut-off  mechanism  midway  between 
each  of  said  wings.  The  revolvers  are  secured  upon  their  re- 
spective driving-shafts  in  such  a  position  that  when  the  wings 
of  one  revolver  are  in  a  vertical  position,  the  wings  of  the 
other  revolver  will  lie  horizontally  and  exactly  at  right  angles 
to  the  first  one.  This  position  will  allow  the  wings  to  pass 
each  other  without  striking  and  the  cut-off  mechanism  of  one 
revolver  to  act  in  conjunction  with  the  similar  parts  on  the 
other  revolver  and  thus  forming  a  complete  lock  or  cut  off. 
The  exact  relative  position  of  each  revolver  is  positively  main- 
tained by  means  of  two  gear  wheels  secured  upon  the  ends  of 
the  respective  driving-shafts." 

BYMONDB'    DREDGING-ISITKET. 

A,  fig.  9,  represents  a  cylinder  provided  with  pockets,  a, 
and  guides  or  holding  eyes,  a  ,  in  which  are  secured  the  oppo- 
site guiding  poles,  7?,  usually  employed  on  dredging  buckets 
and  which  extend  as  usual  through  guiding  eyes  at  or  near 
the  extreme  end  of  the  boom.  At  the  lower  end  of  the  cyl- 
inder are  rocker-shafts  b,  which  extend  across  the  opposite 
sides  of  the  cylinder  and  are  adapted  to  suitable  bearings  b' 
thereon,  the  bearings  being  further  supported  by  strengthen- 
ing ribs  c  forming  part  of  the  cylinder. 

Near  each  end  of  the  shafts  b  are  secured  links  D,  which 
extend  down  to  the  opposite  sections  E,  E'  of  the  bucket  and 
are  pivoted  at  d  to  the  bucket  sections  ;  the  pivot  point  being 
strengthened  by  plates  e  secured  to  the  inner  surface  of  the 
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bucket  and  adapted  to  receive  the  pivot-pin  d.  The  cylinder 
is  provided  with  guides  through  which  pass  vertical  connect- 
ing bars  II,  pivoted  at  their  lower  ends  to  ears  It,  on  the  inner 
or  adjoining  edges  of  the  bucket  sections  and  at  their  upper 
ends  being  rigidly  secured  to  the  arms  i  of  a  cross-head  I  car- 
ried by  a  piston-rod  I' ;  the  cross-head  being  provided  also 
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TUUESDELL'S   COMPOUND   OSCILLATING  ENGINE. 

with  arms  i'  extending  at  right  angles  to  the  arms  i,  and  being 
provided  with  eyes  k  to  which  are  connected  the  chains  K  ex- 
tending to  the  winding  drum.  The  piston-rod  /'  is  connected 
to  a  piston  /of  any  suitable  construction,  and  the  cylinder  is 
provided  with  the  usual  ports  I,  I'  and  a  valve  M  controlled 
by  cords  extending  from  a  lever  m  secured  to  the  valve,  to 
any  suitable  operating  device  on  the  dredge.  The  lower  end 
of  the  cylinder  is  provided  with  a  pocket,  P,  in  which  is  a 
spring,  p,  adapted  to  cushion  the  piston  when  the  bucket  is 
opened. 

In  operation  the  parts  are  lowered  by  the  chains  K  with  the 
bucket  open,  as  shown,  and  when  the  bottom  is  reached,  the 
operation  of  the  valve  M  admits  fluid  below  the  piston  J, 
which  forces  it  upward  and  thus  carries  the  piston-rod  T, 
cross-head  /,  links  //  with  it.  As  the  portions  d  d  of  the 
bucket  are  held  down  by  the  superincumbent  weight,  the  up- 
ward movement  of  II  tends  to  turn  the  sections  E  and  K'  about 
the  pins  d  d  and  thus  close  the  bucket. 

The  weight  of  the  bucket  and  the  cylinder  casing  and  the 
poles  all  tending  to  keep  the  bucket  close  to  the  bottom,  while 
the  pressure  of  fluid  between  the  piston  and  the  end  of  the 
cylinder  causes  the  gradual  closing  of  the  jaws  of  the  bucket 
and  the  latter  is  completely  filled  without  any  undue  strain  on 
the  operating  parts,  as  distinguished  from  the  ordinary  con- 
struction of  buckets,  where  the  operation  of  the  hydraulic  or 
other  cylinder  usually  acts  to  raise  the  bucket  during  the  clos- 
ing movement  and  prevents  the  weight  of  the  parts  acting  to 
keep  the  bucket  at  the  bottom.  During  the  descent  of  the 
bucket  the  piston  J  being  at  the  bottom  of  the  cylinder  and 
resting  against  the  springs,  the  contact  with  the  bottom  is 
not  detrimental  to  the  machine  and  any  sudden  shocks  or 
breakage  are  avoided. 

The  inventor  of  this  device  is  Mr.  Thomas  Symonds,  of 
Leominster,  Mass.  His  patent  is  dated  February  13,  1894, 
and  numbered  514,788. 

TUUESDELL'S   COMPOUND   OSCILLATING  ENGINE. 

Figs.  10  and  11  represent  an  ingenious  form  of  engine,  pat- 
ented by  Eugene  E  P.  Truesdell,  of  Belvidere,  111.  It  hardly 
needs  any  description,  as  the  engravings  make  the  construc- 
tion sufficiently  clear.  The  high  and  the  low-pressure  cylin- 
ders 20  and  21  are  cast  in  one  piece  and  are  suspended  on  the 
shaft  8,  on  which  they  can  oscillate.  The  two  pistons  27  and 
28  are  both  attached  to  the  rod  32,  and  the  lower  or  low-press 
ure  piston  is  connected  directly  to  the  crank  C.  The  design, 
as  will  be  seen  from  the  engravings,  is  very  crude,  but  the  gen- 
eral plan  by  its  general  simplicity  has  much  to  recommend  it. 
The  patent  is  No.  515,180,  dated'February  20,  1894. 

ATWOOD  AND  PERKINS'  ENGINE. 

Fig.  12  represents  another  ingenious  form  of  compound  en- 
ginepatented  by  La  Motte  C.  Atwood  and  N.  W.  Perkins,  Jr., 
of  St.  Louis,  Mo.     In  their  patent  the  inventors  say  : 

"  Our  invention  relates  to  an  engine  in  which  there  is  a 
piston  and  a  cylinder  acting  alternately  on  the  cranK  of  a 
shaft,  to  produce  a  rotary  movement  of  the  shaft  ;  the  piston 
acting  to  move  the  crank-shaft  a  quarter  revolution,  the  cyl- 
inder then  acting  to  move  the  crank  the  next  quarter  of  a  revo- 


lution, the  piston  then  acting  to  move  the  crank  another  Quar- 
ter of  its  revolution,  and  the  cylinder  then  acting  to  move  the 
crank  the  next  and  last  quarter  of  its  revolution." 

Fig.  12  is  a  sectional  isometric  perspective  view  of  the  cyl- 
inders. 

"  The  operation  is  as  follows  :  Supposing  steam  or  air  to 
enter  the  hollow  piston  10,  through  pipe  2,  it  will  pass  through 
the  ports  13  and  14  to  the  space  17  between  the  upper  head  of 
the  barrel  8  and  the  piston  6,  causing  the  descent  of  the  pis- 
ton 6  and  moving  the  crank  5  a  quarter  of  its  rotation,  and  at 
the  same  time  carrying  the  cylinder  9  and  barrel  8  to  the  right, 
until  the  latter  is  close  to  the  end  of  the  piston  10"-  As  the 
cranK  5  completes  this  quarter  of  its  movement,  the  cham- 
ber 17  is  opened  to  the  chamber  16",  through  the  port  15s,  and 
the  air  or  steam,  exerting  its  pressure  between  the  barrel  8  and 
the  end  of  the  piston  10",  will  cause  the  cylinder  9  to  be  moved 
in  the  direction  of  the  arrow  A,  and  cause  the  crank  5  of  the 
shaft  3  to  be  moved  another  quarter  of  its  revolution,  which 
carries  the  piston  6  to  its  lower  position.  The  ports  13"  and 
14"  are  now  opened  to  admit  steam  or  air  into  the  chamber  17" 
beneath  the  piston  6.  This  causes  the  upward  movement  of 
the  piston  6,  and  causes  the  crank  5  to  turn  the  third  quarter 
of  its  revolution,  and  moves  the  cylinder  9  still  further  in  the 
direction  of  the  arrow  A.  As  the  crank  5  completes  this  third 
part  of  its  revolution,  the  port  15  is  opened  to  the  chamber  16, 
and  the  cylinder  9  is  moved  in  the  opposite  direction  to  that 
indicated  by  the  arrow  A,  causing  the  crank  5  to  complete  the 
last  or  fourth  part  of  its  revolution,  and  bringing  the  parts 
again  into  the  position  shown  in  fig.  1,  and  then  the  operation 
is  repeated.  The  air  or  steam  exhausts  from  the  chambers  16 
and  16"  through  the  ports  15  and  15',  and  passages  18  and  18', 
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in  the  piston  6  and  barrel  8,  and  from  there  through  a  pas- 
sage 19  into'the  interior  of  the  housing,  from  where  it  escapes 
through  an  exhaust  pipe. 

"  With  this  construction  it  will  be  seen  that  no  valves  are 
employed,  other  than  those  formed  by  the  piston  and  cylinder 
themselves  moving  with  relation  to  their  ports.  The  engine, 
the  inventors  say,  is  an  exceedingly  simple  and  durable  one, 
and  is  not  likely  to  get  out  of  order." 

Their  patent  is  No.  514,054,  dated  February  6,  1894. 

GOLD'S  PRESSURE  REGULATOR. 

The  inventor  of  this  device  (fig.  13),  Mr.  Edward  E.  Gold, 
of  New  York,  says  of  his  invention  that  "  it  relates  to  reducing 
valves  for  reducing  a  fluid  from  a  higher  to  a  lower  pressure, 
and  especially  to  such  valves  as  are  adjustable  in  order  that 
the  pressure  on  the  eduction  side  of  the  valve  may  be  regu- 
lated at  will.  Pressure  regulators  of  this  character  are  com- 
monly constructed  with  a  regulating  valve  tor  choking  or  clos- 
ing the  steam  passage  through  the  casing  of  the  regulator,  and 
with  a  diaphragm  exposed  to  the  pressure  on  the  eduction  side 
of  the  valve  and  receiving  the  tension  of  a  spring,  so  that 
while  the  spring  tends  to  throw  the  valve  open,  the  pressure 
of  the  steam  against  the  diaphragm  tends  to  close  it.  The 
fluid  pressure  on  the  eduction  side  of  such  a  regulator  is  pro- 
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portional  to  the  tension  of  the  spring,  so  that  by  adjusting  this 
tension  from  time  to  time  the  pressure  may  be  varied  at  will. 
For  this  purpose  a  screw  spindle  having  an  operating  handle 
is  commonly  provided." 

Its  construction  is  described  as  follows  : 

"Let  A  designate  the  valve  casing,  B  the  induction  pipe, 
and  Cthe  eduction  pipe.     Within  the  valve  casing  is  a  parti- 


es./J., 


tion  a  dividing  it  into  induction  and  eduction  chambers  R  and 
O ,  and  in  this  partition  is  formed  a  valve-seat  4  against  which 
closes  the  regulating  valve  D,  which  is  mounted  on  a  valve- 
stem  E,  and  receives  the  upward  pressure  of  a' spring  c  tend- 
ing to  close  it.  The  valve  casing  A  is  formed  with  a  diaphragm 
chamber  F  consisting  of  two  halves  or  shells  A  and  F'  bolted 
together  at  their  margins  and  clamping  between  them  the 
diaphragm  O.  which  may  be  made  of  |sheet  ]metal  or  other 
suitable  flexible  material.  The  chamber  /^communicates  with 
the  eduction  chamber  C"  by  means  of  a  restricted  opening  d 
through  a  partition  e,  this  opening  being  very  slightly  larger 
than  the  diameter  of  the  stem  E  which  passes  through  it,  so 
that  a  slight  leak  is  left  between  the  stem  for  the  passage  of 
steam  around  the  eduction  chamber  and  the  diaphragm  cham- 
ber. On  the  top  of  the  stem  E  is  mounted  a  disk  or  head  H, 
which  is  held  pressed  against  the  under  side  of  the  diaphragm 
by  the  tension  of  the  spring  c.  On  the  upper  side  of  the  dia- 
phragm is  a  similar  disk  or  head  7,  which  is  formed  with  a 
tubular  upward  extension  I  forming  within  it  a  socket/,  and 
in  this  socket  the  lower  end  of  the  regulator  spring  5  is  seated. 
This  spring  extends  up  within  a  chamber  J,  and  its  upper  end 
presses  against  the  enlarged  head  K'  of  a  plunger  K.  The 
upper  end  of  the  chamber  /  has  a  screw-threaded  opening 
through  which  passes  a  screw  spindle  L,  the  threads  of  which 
screw  up  or  down  in  the  opening  when  the  spindle  is  turned 
by  its  handle  L' .  Within  the  spindle  L,  which  is  made  tubu- 
lar, is  an  adjusting  screw  M  whose  threads  engage  internal 
threads  in  the  spindle,  and  whose  lower  end  receives  the  up- 
ward thrust  of  the  plunger  K.  On  the  spindle  L  is  screwed  a 
cap  N,  which  serves  the  double  function  of  concealing  the 
screw  M  and  holding  the  handle  L  in  place  on  the  screw 
spindle.  When  the  screw  spindle  L  is  adjusted  up  or  down 
by  turning  the  handle  L ',  it  is  clamped  in  position  by  a  lock- 
nut  P,  which  is  provided  with  a  handle  P  for  convenience  in 
turning  it. 

"  The  induction  pipe  B  being  connected  to  a  steam  boiler 
or  other  reservoir  of  fluid  under  pressure,  and  the  eduction 
pipe  C  being  connected  to  a  point  at  which  it  is  desired  to  use 
the  fluid  at  a  lower  pressure,  the  regulator  serves  to  choke 
back  the  flow  of  fluid  sufficiently  to  reduce  its  pressure  to  the 
required  extent.  The  spring  S  being  adjusted  to  the  proper 
tension  to  accomplish  this  result,  exerts  a  downward  pressure 
upon  the  disk  I,  and  consequently  upon  the  diaphragm  O, 
which  pressure  is  communicated  through  the  disk  II  and 


stem  E  to  the  valve  D,  and  serves  to  press  the  valve  open 
whenever  the  pressure  on  the  eduction  side  of  the  valve  falls 
below  that  pressure  to  which  the  regulator  is  set.  As  the 
valve  is  opened  and  steam  passes  through  it  and  increases  the 
pressure  in  the  eduction  chamber,  steam  flows  from  the  latter 
through  the  space  d  into  the  diaphragm  chamber  F,  and  exerts 
an  upward  pressure  upon  the  diaphragm  until  this  upward 
pressure  is  sufficient  to  overcome  the  tension  of  the  spring  and 
press  the  diaphragm  upwardly,  whereupon  the  spring  c  will 
press  the  valve  D  upward  against  or  nearer  to  its  seat,  thereby 
choking  back  the  steam  and  correspondingly  reducing  the 
pressure.  As  the  pressure  on  the  eduction  side  of  the  valve 
falls,  the  spring  again  presses  down  the  diaphragm  and  opens 
the  valve,  so  that  by  a  balancing  of  the  downward  pressure  of 
the  spring  and  the  upward  pressure  of  the  steam,  the  regu- 
lator is  caused  to  admit  steam  through  the  valve  with  just 
sufficient  rapidity  to  keep  up  the  pressure  beyond  it  to  that 
which  is  required." 

The  number  of  the  patent  is  508,133,  and  the  date  Novem- 
ber 7,  1893. 

Humphrey's  wbench. 

The  object  of  this  invention  (fig.  14),  it  is  said  in  the  patent, 
is  "  to  provide  means  for  forcing  the  movable  jaw  of  the  wrench 
against  the  stationary  jaw  after  said  movable  jaw  has  been 
adjusted  by  the  adjusting-nut  which  engages  with  the  shank 
to  which  the  stationary  jaw  is  secured. 

"  A  designates  the  stationary  jaw  to  which  the  shank  A'  is 
rigidly  attached,  said  shank  passing  through  the  handle  to 
which  it  is  attached  by  a  nut  as  shown.  The  stationary  jaw 
is  provided  on  one  side  of  the  shank  with  a  flat  face  a  adapted 
to  engage  a  nut,  while  on  the  other  side  of  the  shank  the  jaw 
is  extended  and  provided  with  a  curved  face  a'  having  dove- 
tailed recesses  in  which  are  secured  steel  bits  for  grasping  a 
pipe  or  tube.  The  clamping  faces  of  the  movable  jaws  are 
constructed  similar  to  those  of  the  stationary  jaw,  and  by  pro- 
viding these  faces  the  wrench  can  be  used  upon  either  a  nut  or 
pipe. 

"The  movable  jaw,  B,  is  provided  with  an  aperture  through 
which  the  shank  passes,  and  on  one  side  of  said  jaw  are  formed 
ears  b  between  which  is  pivoted  a  lever  C,  and  said  lever  is 
connected  to  a  movable  slide  D  by  means  of  a  short  link  E. 
The  slide  engages  with  the  adjusting-nut  F,  said  nut  having 
an  aperture  threaded  to  engage  with  the  threads  on  the  shank 
of  the  wrench.  The  link  E  is  bifurcated  at  its  end  which  is 
pivoted  to  the  lever,  and  at  its  other  end  is  a  projecting  portion 
adjacent  to  which  is  formed  shoulders  which  are  adapted  to 
bear  upon  the  slide  D,  and  the  lever  is  so  constructed  that 
when  the  free  end  thereof  is  moved  toward  the  shank  or  handle 

of  the  wrench  to 
its  fullest  extent 
it  will  bear  upon 
the  projection  d, 
and  when  in  this 
position  the  pin 
which  connects 
the  link  with  the 
lever  will  be  lo- 
cated on  the  in- 
'  side  of  alinecon- 
necting  the 
pivot-pin  in  the 
jaw  and  the  one 
->..  in  the  slide  ;  thus 
locking  the  le- 
ver. 

"By  this  de- 
vice the  movable 
jaw  can  be  ad- 
justed to  the 
proper  distance 
to  grasp  a  nut  or 
a  pipe,  and  when 
it  is  desired  to  re- 
lease the  wrench 
it  is  only  neces- 
sary to  move  the 
lever  away  from 
the  shank  or 
handle  ;  or  if  de- 
sired the  adjust- 
ment  can  be 
made  and  the  le- 
ver employed  for  forcing  the  movable  jaw  toward  the  station- 
ary jaw  and  upon  the  object  to  be  grasped.' ' 

The  patentee  is  Edgar  A.  Humphrey,  of  Columbus,  Pa. 
His  patent  is  numbered  514,752,  and  dated  February  13,  1894. 


Fig.  14. 
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not  only  an  immense  amount  of  work,  but  demand  very  care- 
ful attention  on  the  part  of  the  committee  doing  it,  for  the 
contradictory  testimony  will  be  more  than  confusing,  as  that 
of  things  mechanical  has  a  way  of  being.  It  is  hardly  prob- 
able, therefore,  that  we  can  learn  the  results  of  these  investi- 
gations before  the  convention  of  1895. 


EDITORIAL   NOTES. 


In  commenting  upon  the  paper  read  before  the  New  York 
Railroad  Club  in  January,  by  Mr.  Joughins,  on  Iron  Cars, 
Indian  Engineering  says  that  "'it  seems  a  little  curious  to  an 
Indian  engineer  to  find  a  question  that  has  teen  decisively 
answered  long  ago  for  this  country,  being  just  opened  in 
America.  We  may,  perhaps,  even  congratulate  ourselves 
upon  not  being  so  very  much  behind  the  times  after  all.  An 
other  singular  point  in  detail  is  the  discussion  about  and  re- 
luctance to  use  rivets.  All  that  can  be  said  is.  riveted  work 
stands  perfectly  well  in  India,  and  our  wagons  in  the  hands 
of  native  shunters  certainly  get  a  fair  amount  of  knocking 
about,  which  would  soon  show  up  any  weakness."  In  an- 
other column  we  publish  an  illustration  of  one  of  the  iron  cars 
that  is  now  being  manufactured  by  the  Leeds  Forge  Company, 
and  when  we  consider  the  great  extent  to  which  irou  cars  have 
been  used  and  adopted  by  the  railroads  of  other  countries,  it 
certainly  does  seem  strange  that  this  construction  is  so  uncom- 
mon here. 


There  is  little  likelihood  that  the  Master  Car-Builders' 
Committee  on  Brake-Shoes  will  be  able  to  make  a  report  at 
the  coming  convention.  The  work  which  they  have  under- 
taken is  so  great  that  time  enough  has  not  elapsed  since  the 
commencement  of  the  trials  to  wear  out  the  shoes.  We  un- 
derstand that  13  firms  are  represented  in  the  trials.  The  stand- 
ard of  comparison  is  a  soft  east-iron  shoe  made  at  the  foundry 
of  the  Pennsylvania  Railroad  Company  at  Altoona.  The  gen- 
eral method  of  procedure  is  to  equip  one  truck  of  a  car  or  ten- 
der with  the  soft  cast-iron  shoes,  and  the  other  with  the  shoe 
to  be  tested,  so  that  the  number  of  brake  applications  will  be 
the  same.  When  this  work  is  completed  there  will  be  a  mass 
of  data  for  some  one  to  sift  out  and  arrange,  that  will  involve 


THE   COMING  CONVENTIONS. 


To  some  of  the  old  codgers  who  have  been  attending  the 
railroad  conventions  for  nearly  or  quite  a  quarter  of  a  cen- 
tury, their  annual  recurrence  comes  with  more  or  less  feeling 
of  pleasant  anticipation,  but  shaded  with  many  sad  recollec- 
tions. It  is  only  needful  to  take  the  list  of  members  of  the 
Master  Mechanics'  Association  beginning  with  1870,  to  learn 
how  many  of  them  must  now  be  crossed  out,  and  how 
few  remain  to  answer  to  their  names.  Beginning  with 
Isaac  Dripper,  the  first  on  the  list  for  that  year,  and  fol- 
lowing it  down,  the  names  of  H.  M.  Britton.  N.  E.  Chap- 
man, S.  M.  Cummings,  J.  A.  Durgin,  Howard  Fry,  Edwin 
Garfield,  Samuel  J.  Hayes,  C.  F.  Jauriet,  J.  W.  Philbrick, 
James  Sedgeley,  W.  S.  Hudson,  H.  L.  Leach,  W.  F.  Turriff, 
and  W.  Woodcock  must  all  be  marked  out.  Of  the  active 
men  of  that  time,  James  M.  Boon,  H.  A.  Little,  Morris 
Sellers,  J.  H.  Setchel,  C.  A.  Thompson,  Reuben  Wells,  and 
J.  N.  Lauder  are  still  left.  The  annual  reports  from  1868 
to  1893— twenty-five  in  all— form  quite  a  library  and  bear 
evidence  to  the  continuity  of  the  work  of  the  Associa- 
tion, even  though  their  contents  do  not  come  up  to  the  higher 
standard,  which  the  technical  education  and  the  advances 
which  have  been  made  in  mechanical  engineering  since  the 
early  period  of  its  existence  would  demand.  During  the  quar- 
ter of  a  century  of  the  history  of  this  Association  and  its  sister 
organization,  the  Master  Car-Builders'  Association,  they  have 
both  passed  through  many  vicissitudes.  The  complaint  is 
often  made  that  they  do  not  accomplish  as  much  as  they 
should  No  human  organization  ever  does.  It  was  said  by  a 
distinguished  statesman  that  "  experience  has  always  shown, 
and  reason  shows,  that  affairs  which  depend  on  many  seldom 
succeed."  When  the  co-operation  of  a  considerable  number 
of  persons  is  required  for  the  accomplishment  of  any  purpose, 
all  kinds  of  capacities  must  act  for  the  achievement  of  a  com- 
mon end.  In  the  direction  and  control  of  different  sorts  of 
people  all  degrees  of  intelligence,  ignorance,  prejudices,  inter- 
ests, and  wrong-headedness  must  be  encountered.  Those  who 
earnestly  and  honestly  try  to  control  and  influence  the  action 
of  considerable  numbers  of  people  must  have,  first,  the  intelli- 
gence to  know  what  object  should  be  aimed  at,  next  unflag- 
ging persistence,  infinite  patience  and  unbounded  charity  to 
shape  the  opinions,  adjust  the  views,  tolerate  the  stupidity, 
deflect  the  obstinacy,  lead  the  timidity,  and  sometimes  crush 
the  opposition,  which  is  quite  certain  to  be  arrayed  against 
any  measure  which  goes  counter  to  the  practice,  the  habits,  or 
is  outside  of  the  knowledge  of  those  whose  co-operation  is  re- 
quired to  carry  such  measures  to  a  successful  issue.  The 
process  by  which  wise  political  action  is  evolved  out  of  repre- 
sentative bodies  was  very  well  expressed  by  a  French  states- 
man,* who  said  : 

"  Every  society,  according  to  its  interior  organization,  its 
antecedents,  and  the  aggregate  influences  which  have  or  still 
do  modify  it,  is  placed  to  a  certain  extent  in  a  position  to  ap- 
prehend truth  and  justice,  and  is  in  a  measure  disposed  to  con- 
form itself  to  this  law.  .  .  .  This  sum  of  just  ideas  and 
loyal  wills  is  dispersed  among  the  individuals  who  compose 
society,  and  is  unequally  diffused  among  them,  on  account  of 
the  infinitely  varied  causes  which  influence  the  moral  and  in- 
tellectual development  of  men.  The  grand  concern  of  society 
therefore  is,  that  so  far  as  either  abiding  infirmity  or  the  ex- 


»  Guizot'e  "  History  of  Representative  Government.' 
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isting  condition  of  human  affairs  will  allow,  this  power  of 
reason,  justice,  and  truth,  which  alone  has  inherent  legitimacy, 
and  alone  has  the  right  to  demand  ohedience,  may  become 
prevalent  to  the  community.  The  problem  evidently  is  to 
collect  from  all  sides  the  scattered  and  incomplete  fragments 
of  this  power  that  exist  in  society,  to  concentrate  them,  and 
form  them  to  constitute  government.  In  other  words,  it  is 
required  to  discover  all  the  elements  of  legitimate  power  that 
are  disseminated  throughout  society,  and  to  organize  them 
into  an  actual  power — that  is  to  say,  to  collect  into  one  focus 
and  realize  public  reason  and  public  morality,  and  to  call 
them  to  the  occupation  of  power." 

An  exactly  analogous  process  must  occur  in  technical  asso- 
ciations such  as  we  are  writing  about,  in  order  to  "  collect 
from  all  sides  the  scattered  and  incomplete  fragments  of  the 
power  of  reason,  justice,  and  truth,  to  concentrate  them  and 
organize  them  into  an  actual  power. "  That  is  what  the  Master 
Mechanics',  Master  Car-Builders'  and  other  similar  associ- 
ations have  been  aiming  to  do,  with  more  or  less  unanimity  of 
purpose,  during  the  whole  of  their  existence. 

There  have  been  and  are  still  some  influences  which  are 
more  or  less  antagonistic  to  such  purposes.  A  very  consider- 
able portion  of  those  who  attend  the  meetings  go  for  amuse- 
ment and  pleasure  alone,  or  chietly,  and  a  good  many  who  are 
there  each  year  have  other  aims  and  objects.  The  entertain- 
ment question  is  one  which  has  come  up  annually,  and  been 
the  cause  of  a  good  deal  of  irritation  to  some  of  those  who 
are  most  interested  in  what  should  be  the  true  purposes  of 
the  Association.  As  long  ago  as  1875  the  Master  Car-Builders' 
Association  adopted  the  following  preamble  and  resolution  : 

Whereas,  The  practice  of  entertaining  the  members  of  this 
Association  by  its  friends  has  become  an  established  custom, 
and  has  thus  assumed  somewhat  the  character  of  an  obligation, 
to  which  those  who  have  so  generously  dispensed  hospitality 
have  in  a  measure  felt  themselves  obliged  to  conform  ;  and 

Whereas,  The  expenditure  of  time  and  money  for  this  pur- 
pose has  in  many  cases  been  very  much  greater  than  the  mem- 
bers of  this  Association  have  a  right  to  expect  should  be  devoted 
to  their  enjoyment ;  and 

Whereas,  The  expense  of  such  hospitality  has  in  some  cases 
been  interpreted  as  having  a  significance  which  has  been  the 
cause  of  embarrassment  to  members  ; 

Therefore,  We  desire  by  this  resolution,  first,  to  express  our 
thanks  for  the  liberality  of  our  friends  in  the  past  ;  and,  sec- 
ondly, to  make  the  request  in  this  public  way  that  in  the  future 
there  shall  be  no  more  expenditure  of  money  for  the  public 
entertainment  of  members  of  this  Association. 

The  record  says,  "  the  preamble  and  resolution  were  unani- 
mously adopted."  Some  years  thereafter  a  member  of  the 
Association  was  entrusted  with  the  duty  of  collecting  together 
the  "Standard  Dimensions,  Forms  of  Construction,  etc., 
adopted  by  the  Master  Car-Builders'  Association,"  which  were 
thereafter  printed  each  year  at  the  end  of  the  annual  reports, 
and  also  in  a  separate'  pamphlet  for  the  convenience  of  the 
members.  The  person  entrusted  with  the  duty  of  making 
this  compilation  appended  the  above  preamble  and  resolution 
to  the  other  "  standards."  This,  it  is  true,  was  done  without 
any  authority  for  so  doing,  but  for  years  it  appeared  in  the 
annual  reports  in  the  position  described,  but  whether  it  was  a 
"  standard  dimension"  or  a  "  form  of  construction"  was  never 
decided.  A  few  years  ago  the  list  of  standards  was  revised, 
and  the  committee:  charged  with  that  duty  discovered  the 
pious  fraud  and  omitted  the  resolution  ;  but  it  has  never  been 
repealed.  It  stands  to-day  as  the  deliberate  action  of  the  Asso- 
ciation, although  apparently  it  has  bad  little  if  any  effect.  It 
may  lie  said,  though,  that  there  is  considerable  feeling  against 
the  practices  which  the  quoted  resolutions  were  aimed  at. 
lake  the  liquor  traffic,  though,  these  practices  are  difficult  to 
control.  Prohibition  don't  prohibit.  High  license,  ton,  has 
little  elfect.  What  influence  the  haul  times  will  have  this 
year  remains  to  be  seen.  Contributions  for  the  entertainment 
of  the  members  of  the  Association,  their  wives,  their  sisters, 


their  cousins  and  their  aunts,  will  probably  be  less  liberal  than 
in  former  years.  Some  of  the  members  who  are  most  deeply 
interested  in  the  welfare  and  usefulness  of  the  organizations 
referred  to  are  earnestly  looking  for  some  means  of  controlling 
the  exuberance  of  their  friends'  hospitalities.  The  Norwegian 
system  is  suggested.  In  that  country  it  was  found,  as  it  has 
been  everywhere  else,  that  the  traffic  in  alcohol  could  not  he 
controlled  so  long  as  it  was  in  the  hands  of  irresponsible  deal- 
ers. The  State,  therefore,  has  created  organizations  in  that 
country  over  which  they  keep  complete  control,  which  are 
authorized  to  sell  liquor  under  certain  regulations,  which  the 
government  is  thus  able  to  enforce.  Let  our  railroad  friends 
adopt  an  analogous  plan — that  is,  appoint  a  committee  charged 
with  the  duty  of  co-operating  with  the  Entertainment  Com- 
mittees, and  of  restraining  the  expenditures  of  money  at  the 
conventions.  Such  a  committee  could  thus  exercise  a  reason- 
able restraint  over  some  of  the  ambitious  young  men  who 
become  unduly  elated  when  entrusted  with  the  duty  of  hos- 
pitality. A  great  deal  of  absurd  extravagance  has  often  been 
indulged  in  which  it  would  be  for  the  good  of  the  Associa- 
tions if  it  were  restrained. 

Another  question  that  is  likely  to  come  up  again  this  year 
is  some  arrangement  by  which  less  time  would  be  consumed 
by  the  two  conventions.  Few  who  occupy  the  dual  positions 
of  Locomotive  and  Car  Superintendents  can  afford  to  devote 
two  weeks  to  those  meetings.  To  the  consolidation  of  the 
two  there  has  always  been  great  opposition.  It  is  not  appar- 
ent either  that  any  great  gain  would  result  therefrom.  It 
makes  very  little  difference  whether  the  same  or  two  sets  of 
officers  preside  over  the  meetings  devoted  to  locomotives  and 
those  devoted  to  cars.  As  the  gain  of  consolidation  is  not 
apparent,  the  obvious  course  is  not  to  do  it ;  but  that  will  not 
prevent  both  meetings  being  held  during  the  same  week.  Let 
the  Master  Mechanics  hold  their  first  meeting  on  Monday 
evening,  which  will  enable  them  to  finish  up  the  preliminary 
routine  business,  and  have  the  decks  cleared  for  action  next 
morning.  Then  devote  Tuesday  and  Wcdnesda)*  to  the  loco- 
motive department,  and  let  the  first  meeting  of  the  Car-Builders 
be  held  on  Wednesday  evening,  which  will  give  them  the 
whole  of  Thursday  and  Friday.  If  important  business  should 
remain  for  the  Master  Mechanics  on  Wednesday  afternoon,  it 
would  be  possible  to  continue  their  meetings  on  Thursday,  and 
the  two  Associations  could  lap  over  each  other.  The  Car- 
Builders  could  continue  theirs  on  Saturday,  if  need  be,  or  even 
extend  them  over  to  the  following  week  in  cases  of  emergency. 
With  a  little  supervision  of  the  Executive  Committees  to 
economize  time,  and  of  a  Norwegian  Committee  to  limit  enter- 
tainments, it  would  be  possible  to  accomplish  as  much  in  one 
week  as  is  now  done  in  the  two,  with  perhaps  fewer  head  and 
heart  aches  at  the  end  of  that  lime. 


GRAPHITE  AS  A  LUBRICANT. 


To  lite  Editor  of  The  Americas  Engineer  : 

Your  review  editor  quotes  the  following  paragraph  from 
our  pamphlet  on  "  Graphite  as  a  Lubricant"  : 

"  The  difference  between  a  perfectly  pure  graphite  and  one 
almost  pure,  but  still  totally  unfit  for  lubricating,  cannot  be 
detected  by  cither  sight  or  touch  ;  the  buyer's  only  guarantee 
of  the  purity  is  the  name  and  reputation  of  a  responsible  manu- 
facturer."    And  adds  : 

"  Now  what  we  would  like  to  know,  and  probably  some  of 
the  readers  of  this  pamphlet  will  be  disposed  to  join  us  in  our 
'  quest,'  is  how  do  the  manufacturers  know  whether  the 
graphite  Ms  perfectly  pure'?  If  you  can't  see  nor  feel 
whether  it  is  pure,  how  can  it  be  known  that  it  is  pure  V  In 
other  words,  the  buyers  and  users  of  graphite  would  like  to 
know  how  it  can  be  tested  to  know  whether  it  is  pure  or  not." 

This  furnishes  us  with  an  opportunity  that  we  are  not  slow 
to  take  advantage  of.  Your  review  editor  evidently  thinks 
that  "seeing  is  believing,  and  feeling  is  the  naked  truth." 
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This  old  saw  is  not,  however,  of  any  use  in  testing  graphite, 
though  it  may  have  its  application  elsewhere.  The  only  way 
to  "know"  whether  graphite  is  perfectly  pure  is  to  test  it  in 
a  laboratory  with  the  aid  of  chemistry.  Therefore,  unless  he 
can  make  a  laboratory  test,  "  the  buyer's  only  guarantee  of 
the  purity  is  the  name  and  reputation  of  a  responsible  manu- 
facturer." The  Dixon  Company,  knowing  the  ore  used,  is 
reasonably  sure  of  the  purity  of  its  product,  but  we  do  not 
stop  there,  we  select  samples  at  the  different  stages  of  manu- 
facture and  send  them  to  the  laboratory  for  test.  Our  purify- 
ing processes  are  continued  until  the  required  degree  of  purity 
is  obtained.  In  case  a  test  shows  that  the  stock  is  not  as  rich 
as  usual,  that  particular  batch  is  turned  into  another  channel 
and  does  not  become  "Dixon's  Perfected  Flake  Graphite." 
The  reason  why  "  you  can't  see  nor  feel  whether  it  is  pure" 
is  because  the  impurities  are  coated  with  the  graphite,  and 
become  so  smooth  and  black  as  to  bid  defiance  to  the  sense  of 
feeling  and  seeing.  It  is  only  when  introduced  into  engine 
cylinders  and  bearings  of  machinery  that  particles  of  quartz 
and  other  impurities  manifest  themselves  and  begin  their  work 
of  destruction.  Pure  flake  graphite  is  now  indispensable  in 
every  well-equipped  engine-room  or  machine  shop.  Its  uses 
are  manifold,  but  common  plumbago  and  black  lead,  which 
are  so  often  offered  for  sale  as  lubricants,  are  worse  than 
worthless.  Perfected  flake  graphite  has  had  an  up-hill  fight 
in  overcoming  prejudices  that  have  been  the  outcome  of  ex- 
periments made  with  impure  graphite  and  cheap  plumbago. 
Joseph  Dixon  Crucible  Company. 

[The  Dixon  Crucible  Company  have  not,  we  think,  given  a 
quite  satisfactory  answer  to  our  inquiiies.  They  say  "  the 
only  way  to  '  know  '  whether  graphite  is  perfectly  pure  is  to 
tost  it  in  a  laboratory  with  the  aid  of  chemistry,"  and  that 
they  "select  samples  at  the  different  stages  of  manufacture 
anil  send  them  to  the  laboratory  for  test."  Now  among  our 
readers  are  a  considerable  number  of  people  who  have  more 
or  less  knowledge  of  chemistry.  What  such  people  doubtless 
would  like  to  know  is  the  processes  which  are  employed  in 
the  laboratory.  Our  correspondent's  reply  recalls  the  old 
story  of  the  man  who  had  but  one  leg.  A  woman  expressed 
a  great  deal  of  curiosity  to  know  how  he  lost  the  other  one. 
He  said  he  would  tell  her  if  she  would  agree  not  to  ask  any 
more  questions.  She  agreed  to  this,  and  was  told  "  it  was  bit 
off."  Some  of  our  readers  will  doubtless  have  the  same  kind 
of  consuming  desire  to  know  how  the  Graphite  Company  test 
their  products,  after  they  "  send  it  to  the  laboratory,"  that 
the  woman  had  to  know  what  it  was  that  "  bit  off  "  the  man's 
leg.— Editor  American  Engineer.] 


NEW   PUBLICATIONS. 


Beeson's  Inland  Marine  Directory.     By  Harvey  C.  Beeson, 
Chicago,  111.     290  pp.,  91  X  6+  in. 

This  is  the  seventh  annual  edition  of  this  Directory,  and, 
like  all  other  annuals,  it  has  a  tendency  to  grow  with  each  issue. 
The  contents  of  the  book  are,  first,  32  pages  of  advertisements 
which  will  make  rival  publishers  envious.  These  are  followed 
by  a  portrait  of  the  author  or  compiler  and  a  list  of  American 
Steam-vessels  of  the  Northwestern  Lakes.  In  this  and  in  other 
lists  which  follow  the  class,  name  of  vessel,  tonnage,  date  and 
place  of  building,  name  and  residence  of  owner  or  manager, 
arc  all  given.  There  are  other  similar  lists  of  American  sail- 
ing-vessels, vessels  whose  names  have  been  changed,  small 
steam-vessels  of  the  Northwestern  lakes,  Canadian  steam-ves- 
sels and  Canadian  sailing-vessels  of  the  Northwestern  lakes. 
These  tables  are  followed  by  a  number  of  others  containing 
data  and  statistics  relating  to  marine  matters  on  the  great 
lakes,  instructions  to  masters  of  vessels,  pilot  rules,  extracts 
from  revised  statutes,  and  ends  with  a  classified  directory  of 
all  the  more  important  lines  of  trade  connected  with  the  marine 
interests  on  the  Northwestern  lakes.  Many  engravings  of  ex- 
ternal and  internal  views  of  lake  ships  are  scattered  through 
the  volume,  which  is  of  very  great  interest  and  value  to  all 
who  are  concerned  in  the  immense  traffic  which  is  now  car- 
ried on  on  these  great  internal  highways  of  the  continent. 


How  to  Ron  Engines  and  Boilers.  Practical  Instruction 
for  Young  Engineers  and  Steam  Users  By  Egbert  Pom- 
eroy  Watson.  Second  Edition.  Spou  &  Chamberlain, 
New  York.     125  pp.,  6i  X  4}  in.,  $1. 

Mr.  Watson  is  the  well-known  editor  of  The  Engineer,  which 
is  published  in  New  York,  and  is  the  author  of  a  number  of 
books  of  the  "  practical"  type  intended  for  men  in  charge  of 


engines  and  other  machinery.  What  he  writes  is  always  read- 
able and  often  instructive,  and  has  the  merit  that  wayfaring 
and  wise  men  can  understand  what  he  writes.  Whether  the 
other  kind  of  people  mentioned  in  the  Scriptures  comprehend 
his  books  we  have  never  been  able  to  find  out. 

The  first  four  chapters  of  the  book  before  us  are  on  the  man- 
agement of  boilers.  These  are  followed  by  others  in  which 
the  care  of  the  piston,  valves,  valve-gear,  governors,  connect- 
ing-rods, cranks  and  crank-pins,  journal-bearings,  setting 
valves  and  eccentrics,  making  joints,  care  of  condensing  en- 
gines, pumps,  etc.,  are  all  discussed,  and  many  shrewd  sugges- 
tions are  given.  The  last  chapter  he  calls  "  a  little  sermon," 
and  is  on  the  Highest  Qualities  Demanded — a  suggestive  title  ; 
and  a  good  deal  more  might  have  been  written  under  that 
heading  with  advantage  and  profit  to  his  readers.  He  might, 
for  example,  have  added,  "  Fear  God  and  keep  His  command- 
ments, for  this  is  the  whole  duty  of  man,"  which  would  have 
been  comprehensive. 


TRADE  CATALOGUES. 


New  Illustrated  Price-List  op  Patent  Electric  Vises, 
Jack  Screws,  etc.  The  Capital  Machine  Tool  Company, 
Auburn,  N.  Y.  8  pp.,  44  X  74.  in.  This  little  book  is  what 
its  title  indicates,  but  why  the  vises  described  in  it  are  called 
"electric"  does  not  appear.  A  little  description  of  their 
points  of  superiority  would,  it  is  thought,  be  advantageous  to 
both  publisher  and  reader. 


Catalogue  and  Price-List  of  Modern  Measuring  In- 
struments for  all  Trades  and  Scientific  Purposes. 
E.  G.  Smith,  Columbia,  Pa.  16  pp.,  3+  X  6J  in.  The  prin- 
cipal instruments  which  are  described  in  this  little  publication 
are  caliper  squares  or  graduated  beam-calipers,  vernier  cali- 
pers, and  screw  micrometers,  the  manufacture  of  which  is  a 
specialty  with  the  publisher. 


The  Rue  Manufacturing  Company.  Philadelphia.  Man- 
ufacturers of  the  ''Little  Giant,"  "Fixed  Nozzle,"  and 
"  Unique  Injectors,"  Rue's  Patent  Boiler  Washing  and  Test- 
ing Apparatus,  etc.  16  pp.,  5}  X  9  in.  The  title  describes 
the  contents  of  this  publication  very  fully.  The  different 
kinds  of  injectors  are  illustrated  and  their  uses  explained, .and 
sizes,  capacity,  etc.,  given,  and  methods  of  attachment  shown. 


American  Tube  Works.  Boston,  Mass.:  Seamless  Drain 
Brass  Pipe  for  Plumbing.  32  pp.,  3|  X  5f  in.  The  purpose 
of  this  little  book  is  to  commend  the  use  of  brass  pipe  gener- 
ally, and  that  made  by  the  American  Tube  Company  in  par- 
ticular, for  plumbing  work.  It  gives  a  series  of  testimonials 
and  a  large  list  of  buildings  in  which  this  kind  of  pipe  has 
been  used,  and  which  one  of  the  testifiers  says,  when  "  prop- 
erly fitted  is  an  everlasting  job." 


Concrete  or  Monolithic  Construction.  Ernest  L.  Ran- 
some s  Series  of  Inventions  in  the  Manufacture  and  Use  of 
Concrete.  Ransome  &  Smith  Company,  269  Dearborn  Street, 
Chicago.  87  pp.,  3$  X  6 J  in.  The  principal  invention  de- 
scribed in  this  publication  is  Ransome 's  Concrete  and  Twisted 
Iron  Construction.  This  consists  in  the  use  of  square  or  rec- 
tangular iron  bars,  which  are  cold  twisted  so  as  to  form  a  con- 
tinuous bend  with  the  concrete  in  which  they  are  permanently 
imbedded.  Very  full  information  is  given  of  the  methods  of 
employing  this  kind  of  construction  for  building  purposes, 
monolithic  subways,  sewers,  well  molds,  vault  lights,  etc. 


Reports  of  Twenty-four  Trials  of  the  Hazelton  or 
Porcupine  Boiler,  Arranged  to  Show  the  Performance  of  litis 
Boiler  under  Varying  Conditions  of  Service  and  with  Different 
Grades  of  Fuel.  The  Hazelton  Boiler  Company,  716  East 
Thirteenth  Street,  New  York.  32  pp.,  3S-  X  6J  in.  The 
"  porcupine"  boiler  resembles  the  same  type  as  the  one  illus- 
trated on  p.  228  of  the  last  number  of  TnE  American  Engi- 
neer. The  little  pamphlet  before  us  contaius  the  reports  of 
24  tests  of  the  "  porcupine"  boilers  made  at  different  places 
and  with  different  kinds  of  coal.  These  tests  show  the  re- 
markably high  average  evaporation  of  8.92  lbs.  of  water  evap- 
orated, at  temperature  of  feed  per  pound  of  coal.  The  highest 
rate  is  10.82  lbs.  with  bituminous  coal,  and  the  lowest  8.05  lbs. 
with  buckwheat.  Attacking  a  porcupine  is  proverbially  un- 
pleasant, so  we  will  it  to  others  to  dispute  the  results  of  thece 
tests,  if  they  are  disposed  to  do  so. 
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"  Auto-Pneumatic  Railway  Signal  Company's  Descrip- 
tive Catalogue  of  their  Low-Pressure  Pneumatic  Inter- 
locking Signals.  Rochester,  N.  V.  36  pp.,  5}  X  9  In. 
This  is  a  well-written,  well-printed,  and  cle;ir  description  of 

the  apparatus  made  hy  this  Company  for  operating  switches 
and  signals  by  low-pressure  air.  It  is  illustrated  with  a  num- 
ber of  wood-cuts  and  outline  engravings  which  show  the  con- 
struction of  the  apparatus  clearly.  The  title  page  hears  the 
name  of  II.  B.  La  Rue  as  General  Manager  of  the  Company, 
who  thus  announces  that  he  is  ready  to  receive  orders  in  his 
new  position,  iu  which  his  friends  and  acquaintances  will  wish 
him  abundant  success. 


The  Iron  Car  Company.  115  Broadway,  New  York. 
9  X  3|  in.,  24  pp.  This  elongated  publication  is  a  prospectus 
of  a  Company,  the  purpose  of  which  apparently  is  to  build 
cars  for  the  transportation  of  fruits  and  other  perishable  prod- 
ucts from  the  Southern  States.  The  principal  burden  of  the 
text  is  that  the  capital  stock  of  the  Company  is  $3,000,000, 
and  that  the  present  price  of  shares  is  $15  for  one  full-paid 
share  of  the  par  value  of  $100.  The  "  enterprise,"  it  is  said. 
"'  is  based  on  the  mutuality  of  the  interests  of  the  people  of 
one  country,  hut  separated  by  zones  wide  enough  to  create 
months  of  difference  in  climatic  development."  It  would 
seem  as  though  stock  with  such  a  "  base"  ought  to  be  worth 
at  least  $15  for  one  full-paid  share. 


Souvenir  Catalogue,  World's  Columbian  Exposition. 
W.  &  L.  E.  Gurley.  Troy,  N.  Y.     64  pp  ,  7  X  10  in. 

In  "a  sketch  of  their  business  and  an  announcement  of  their 
book,"  the  Messrs.  Gurley  say  that  "  so  many  of  our  cus- 
tomers are  never  seen  by  us,  and  never  had  an  opportunity  to 
visit  our  factory,  that  it  occurred  to  us  to  take  occasion  of  the 
World's  Columbian  Exposition  to  present  this  book,  giving 
an  idea  of  the  various  kinds  of  field  instruments  that  we  make, 
and  some  views  of  the  place  where  the}7  are  made." 

It  opens  with  portraits  of  the  two  founders  of  the  business, 
William  and  Lewis  E.  Gurley.  The  former  died  in  1887,  the 
latter  still  takes  an  active  part  in  the  business. 

Very  good  views  of  the  outside  and  inside  of  the  building 
occupied  by  the  firm  are  given.  These  include  views  of  all 
their  principal  workshops,  their  sales-room,  and  exhibit  at  the 
Chicago  Exhibition.  About  50  wood-engravings  with  brief 
descriptions  are  there  given,  which  illustrate  the  principal 
instruments  made  by  the  firm.  These  include  Transits  of 
various  kinds,  Gradienters,  Levels,  Plane  Tables,  Compasses 
of  various  kinds,  Odometers,  and  Current  Meters.  This  firm 
have  been  pioneers  in  this  business,  and  the  book  before  us 
hears  testimony  to  their  well-earned  success. 


The  Connersville  Blower  Company,  Connersvii.i.e, 
Ind.,  Manufacturer)  of  Positive  Pressure  Blowers,  for  every 
Purpose  requiring  Air  or  Gas  to  be  Delivered  under  Pressure. 
16  pp.,  5$  X  0  in.  In  this  pamphlet  the  "  Cycloidal  Blower," 
manufactured  by  this  Company,  is  very  fully  described.  It 
consists  of  two  revolvers  or  impellers,  whose  sectional  form 
resembles  a  figure  8,  and  their  length  is  about  twice  their 
major  diameter.  These  impellers  occupy  the  relation  to  each 
other  wliich  a  vertical  figure  8  would  to  one  placed  horizon- 
tally thus  8  .  and  each  is  carried  on  horizontal  shafts,  and  tie- 
two  are  enclosed  in  a  case  and  are  driven  hy  gear  wheels  out- 
side the  case.  The  outside  contour  of  these  impellers  is  com 
posed  of  epi  and  hypo-eyeloidal  curves,  and  on  the  exact  form 
of  these  curves  much  of  the  efficiency  of  the  blower  depends. 
In  their  catalogue  the  Company  describe  the  method  of  shap- 
ing these  Impellers,  their  form  and  construction,  and  also  a 
very  ingenious  journal-box  intended  to  take  up  wear  on  the 
journals.  The  publication  concludes  witli  descriptions  and 
illustrations  of  different  classes  of  these  blowers  driven  by 
engines  and  electric  motors.  With  the  exception  of  the  first 
engraving  in  the  book,  they  are  all  excellent,  and  are  good, 
old-fashioned  woodcuts,  than  which  no  other  kind  of  art  can 
represent  a  machine  so  satisfactorily. 


Earth enware  Houses.  Charles  Carroll  Oilman,  Eldora, 
la.  24  pp.,  6J  X  Di  in.  The  contents  of  this  pamphlet  ap- 
parently are  intended  to  describe  some  of  the  authors  inven- 
tions to  be  used  in  the  construction  of  houses,  but  it  is  not. 
easy  for  a  busy  man  In  understand  just  what  these  inventions 
are  from  Ihe  pamphlet  before  us.  Apparently  it  is  for  an- 
other process  of  making  wood  "  mcombustlve,"  and  for  the 
manufacture  of  "  fibrous  brickwares."  The  latter  is  described 
as  follows  :  "  The  formulae  for  its  manufacture  differs  so  far 
from  the  others  as  to  employ  black  soils  largely  with  clays, 


too  fat  for  brick-making,  and  commingling  asbestos  in  greater 
or  less  quantities  with  the  vegetable  matter  that  enters  Ihe 
plastic  composition,  which,  indestructible  by  the  subsequent 
tiling  processes,  remains  in  the  burned  wares  as  a  fiber  to  bind 
them  as  jute  does  '  staff  ; '  for  great  porosity  is  only  had  by 
excessive  adulteration  of  the  clays  with  combustible  matter." 
This  is  not  lucid.  For  the  benefit  of  the  author  of  this,  and 
those  who  write  other  similar  productions— and  their  readers 
— the  remarks  of  Herbert  Spencer  will  again  be  quoted  :  "  A 
reader  or  listener,"  he  says,  "  has  at  each  moment  but  a  lim- 
ited amount  of  mental  power  available.  To  recognize  and 
interpret  the  symbols  presented  to  him  requires  part  of  tins 
power  ;  to  arrange  and  combine  the  images  suggested  hy 
them  requires  a  further  part  ;  and  only  that  part  which  re- 
mains can  be  used  for  framing  the  thought  expressed.  Hence, 
the  more  time  and  attention  it  takes  to  receive  and  understand 
each  sentence,  the  less  time  and  attention  can  be  given  lo  the 
contained  idea  ;  and  the  less  vividly  will  that  idea  be  con- 
ceived." Mr.  Gilman's  "symbols"  have  absorbed  all  the 
mental  power  we  have  been  able  to  give  to  his  publication. 


The  Dayton  Railway  Crossing-Gate.  Manufactured  by 
the  Craig  Reynolds  Foundry  Company,  Dayton,  O.  19  pp., 
6  X  8|  in.  In  the  pages  of  this  book  the  points  of  superiority 
of  the  crossing-gates  made  by  this  Company  are  fully  set' 
forth.  Two  very  good  illustrations — half-tone  engravings — 
show  one  set  of  them  open  and  another  closed.  Two  pages 
engraved  from  assembled  scraps,  cut  from  newspapers,  which 
give  accounts  of  crossing  accidents,  are  intended  to  accentuate 
the  necessity  of  having  gates  at  such  crossings.  A  poetic 
effusion — we  were  about  to  write  eruption  — occupies  the  last 
page.     The  closing  stanza  ends  thusly  : 

"  Oh,  you  may  toy  with  buzz  saws  coy, 

Whenever  they're  in  motion, 
Or  on  a  feather  in  stormy  weather 

Attempt  to  sail  the  ocean  ; 
And  even  jaw  your  mother-in-law, 

Who  always  does  the  bossing, 
But  don't  go  near — if  death  you  fear — 

The  fatal  railway  crossing." 

The  pamphlet  is  admirably  printed  on  coated  paper,  and 
there  is  every  reason  for  thinkiug  that  the  gales  which  this 
Company  makes  are  as  good  or  better  than  the  best ;  but, 
really,  can  it  be  good  business  policy  for  them  to  publish  such 
poetry  ?  It  would  seem  to  incline  every  railroad  manager  to 
leave  all  his  crossings  unguarded,  in  order  that  he  might  have 
the  satisfaction  of  killing  as  many  poets  of  that  kind  as  pos- 
sible. 


Southern  Facts  for  Home-Seekers  and  Travelers. 
Mobile  &  Ohio  Railroad.  48  pp.,  4  X  7J  in.  Accompanying 
this  "  folder"  a  neatly  printed  circular  was  received,  in  which 
it  is  said  that  it — the  folder — "conlains  complete  time  tables 
and  other  detailed  information  regarding  the  road,  its  officers 
and  agents,  and  gives  the  population  and  altitude  of  all  of 
the  stations  ;  it  contains,  in  addition,  a  great  fund  of  informa- 
tion regarding  the  South  in  general,  and  our  section  in  particu- 
lar, condensed  into  a  small  compass" — all  of  which  we  will 
confirm. 

It  is  illustrated  hy  some  fairly  good  engravings  made  from 
photographs,  one  of  which  "shows  strawberries,  lettuce, 
onions,  celery,  cabbage,  and  turnips,  all  gathered  on  the  day 
the  photograph  was  taken.  Had  the  photographer  wished," 
it  is  said,  "  he  might  have  also  shown  in  the  photograph  from 
the  same  garden,  parsnips,  beets,  leeks,  shallots,  radishes, 
salsify,  carrots,  and  parsley." 

Another  engraving  shows  the  Healing  Springs  iu  Alabama, 
which  are  said  to  be  a  positive  cure  for  a  number  of  ills,  to 
some  of  which  nearly  all  full-grown  people  are  subject.  It  is 
also  said  that  there  are  11  springs,  all  different.  There  are 
enticing  engravings  of  turnips  weighing  12  lbs.  each,  a  view 
of  lion.  E.  M.  Hudson's  grape  vineyard  at  Beaver  Meadow, 
Ala  ,  an  apple-tree  in  Tennessee  bending  under  a  load  of  30 
bushels  of  apples,  and  a  wagon  load  of  Northern  land  seekers 
looking  at.  lands  on  this  road.  We  confess  that  we  like  the 
looks  of  the  Southern  turnips,  cabbages,  strawberries  and 
grapes  belter  than  those  of  the  Northern  land-seekers.  Prob- 
ably most,  readers  of  this  "  folder"  would  rather  have  the 
vegetables  which  are  depicted  tor  neighbors  than  the  land- 
seekers.  Pleasantry  aside,  this  publication  is  full  of  interest- 
ing information  of  the  country  through  which  the  Mobile  & 
Ohio  Road  runs,  and  on  reading  it  one  is  strongly  tempted  to 
abandon  such  drudgery  as  editing  a  technical  paper  implies, 
go  South  and  buy  one  of  those  farm  tracts  of  80  acres,  which 
this  "  folder"  tells  us  "  can  be  obtained  withiu  2  miles  or  less 
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of  the  railroad,  that  will  produce  early  fruits  and  vegetables, 
most  of  the  cereals,  grasses,  etc..  and  where  good  health  and 
water  are  guaranteed,  for  $300." 

Those  interested  in  the  South,  or  contemplating  emigration, 
are  recommended  to  write  to  Mr.  E  E.  Posey,  Genera]  Pas- 
senger Agent  of  the  Mobile  &  Ohio  Railroad  at  Mobile.  AJa.. 
who  will  send  them  a  copy  of  this  interesting  publication. 
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THE   MANUFACTURE  OF   ALUMINIUM. 


"At  a  recent  meeting  of  the  Manchester  Association  of  En- 
gineers, Mr.  W.  S.  Sample,  of  the  Metal  Reduction  Syndicate. 
Limited,  Patricroft,  near  Manchester,  read  a  paper  on  "  The 
Manufacture  of  Aluminium."  After  a  brief  and  interesting 
reference  to  the  history  of  the  metal,  and  the  various  improve- 
ments in  the  methods  that  have  from  time  to  time  been  adopted 
in  its  manufacture,  the  author  gave  a  detailed  description  of 
the  Hall  process,  which  was  patented  in  the  Cnited  States  in 
1889,  and  which  may  be  regarded  at  present  as  holding  the 
field  in  the  output  of  this  comparatively  new  metaL 

The  Hall  process  consists  of  dissolving  alumina  in  a  fused 
bath  of  aluminium  fluoride,  and  the  fluoride  of  a  metal  more 
electro- positive  than  aluminium,  and  decomposing  the  alumina 
by  passing  an  electric  current  through  the  bath.  In  practice 
the  fluorides  of  sodium  and  calcium  are  usually  added. 

This  process  was  first  worked  by  the  Pittsburgh  Reduction 
Company,  of  Pittsburgh,  Pa  ,  in  1888,  and  in  1890  works 
were  started  in  England  by  the  Metal  Reduction  Syndicate. 
Limited,  at  Patricroft,  near  Manchester. 

As  the  electrolytic  processes  as  operated  at  present  are  very 
similar,  the  method  of  operating  the  Hall  process  may  be 
taken  as  representative  of  the  art  at  the  present  time. 

Given  an  electric  current  of  large  volume  and  small  tension, 
a  number  of  carbon-lined  steel  pots  are  placed  in  series  in  the 
circuit,  the  pots  forming  the  negative  pole  or  cathode,  and 
carbon  rods  attached  to  adjustable  copper  rods  forming  the 
positive  pole  or  anode.  The  circuit  being  closed,  by  making 
contact  between  the  carbon  rods  and  the  carbon  lining  of  the 
pots,  the  current  is  turned  on,  and  electrolyte  added  to  each 
of  the  pots.  The  electrolyte  is  soon  fused  by  the  heat  gener- 
ated by  the  resistance  of  the  pots  to  the  passage  of  the  current, 
and  when  sufficient  bath  has  been  fused  alumina  is  added  and 
the  decomposition  begins,  the  aluminium  going  to  the  bottom 
of  the  pot,  which  is  the  negative  pole,  and  the  oxygen  going 
to  the  positive  pole,  combining  with  the  carbon  anode  and 
escaping  as  carbonic  acid  gas.  When  the  bath  becomes  ex- 
hausted of  alumina  or  ore  the  resistance  materially  increases, 
as  indicated  by  a  meter  attached  to  each  pot,  and  more  ore  is 
added,  thus  restoring  the  normal  working.  From  time  to 
time,  as  metal  accumulates  in  the  bottom  of  the  pot,  it  is 
either  tapped  off  or  ladled  out,  and  run  into  molds  as  re- 
quired. The  electrolyte  is  unaffected  by  the  current,  the 
small  loss  which  occurs  being  due  to  volatilization,  and  the 
process,  once  in  operation,  continues  for  months.  The  proc- 
ess is  essentially  a  continuous  one,  working  day  and  night, 
and  the  only  limit  of  a  run  is  the  necessity  for  repairs  to  the 
machinery,  and  a  holiday  for  the  workmen. 

The  materials  necessary  for  a  pound  of  metal  are  : 

2  lbs.  anhydrous  alumina, 
tj  lb.  of  electrolyte, 
1  lb.  of  carbon. 

The  power  required  in  this  process  is  18  electric  H.P.  per 
hour  per  pound  of  metal,  although  somewhat  better  results 
have  been  obtained.  It  will  thus  lie  seen  that  power  is  an 
im|K>rtant  item  in  cost,  and  accounts  for  the  exclusive  use  of 
water  power  on  the  continent,  and  the  anticipated  removal  of 
the  plant  of  the  Pittsburgh  Reduction  Company  to  Niagara 
as  soon  as  the  turbines  of  the  Niagara  Falls  Power  Company 
are  in  place. 

At  present  the  electrolytic  processes  are  the  only  ones  used 


for  the  production  of  aluminium,  and  it  does  not  seem  prob- 
able that  any  better  or  cheaper  methods  will  be  discovered, 
although  we  are  continually  hearing  of  new  processes,  for 
which  claims  are  made  that  the  metal  can  be  produced  direct 
from  clay  or  bauxile.  at  remarkably  low  cost.  During  the 
first  few  years  of  manufacture  the  price  of  aluminium  ranged 
from  90a."  to  GO*,  per  pound,  and  from  1863  to  1886  the  price 
was  35*.  to  40*.  per  pound.  Soon  after  the  latter  date  the 
Aluminium  Company,  Limited,  with  works  at  Oldbury.  came 
into  the  market  with  the  metal  at  30k.  per  pound.  The  price 
was  soon  lowered  by  the  competition  of  the  Alliance  Alumin- 
ium Company,  Limited,  with  works  at  Wallsend-on-Tyne. 
These  two  companies  were  soon  forced  ont  of  the  market  by 
the  companies  at  Neuhausen  and  Pittsburgh,  which  began  sell- 
ing the  metal  at  about  8.s  per  pound,  and  have  since,  owing 
to  the  larger  consumption  of  the  metal  and  the  consequent  de- 
creased cost  of  production,  been  able  so  to  reduce  the  se 
price  that  it  is  now,  volume  for  volume,  but  little  more  ex- 
pensive than  copper. 

A?  the  many  valuable  qualities  of  the  metal  have  led  to  the 
beli.f  that  the  price  was  the  one  obstacle  to  its  extensive  use, 
and  as  the  compounds  of  the  metal  are  found  so  univer- 
and  abundantly  in  nature,  there  has  been  no  lack  of  invesli- 
gators  seeking  to  reduce  aluminium  by  chemical  means,  but 
so  far  the  sodium  process  has  been  the  only  one  which  would 
give  the  desired  results.  As  noted  above,  it  requires  3  tons 
of  sodium  for  1  ton  of  aluminium  by  either  of  the  sodium 
processes,  so  it  is  easy  to  see  why  these  processes  are  unable 
to  compete. 

As  all  clays  contain  a  large  percentage  of  alumina,  it  is  a 
popular  fallacy  that  aluminium  is  reduced  from  clay.  The 
ore  used  is  pure  anhydrous  alumina,  which  contains  52.94  per 
cent,  of  aluminium,  and  in  practical  working  less  than  2  tons 
of  this  material  are  required  for  1  ton  of  metal,  so  that  the 
efficiencyas  regards  the  ore  is  perfect. 

The  development  of  the  electrolytic  processes  for  making 
aluminium  created  a  demand  for  pure  alumina,  and  manufac- 
turers have  succeeded  in  supplying  an  article  over  99  per 
cent,  pure,  the  1  per  cent,  being  made  up  principally  of  water 
and  silica.  Pure  carbon  electrodes  were  necessary,  and  these 
are  furnished  with  a  fraction  of  1  per  cent,  of  ash.  The  re- 
sult is  that  aluminium  is  made  so  that  the  entire  product  is 
over  99  per  cent.  pure,  which  is  much  better  than  the  regular 
results  obtained  by  the  chemical  processes.  As  the  methods 
at  present  employed  consist  of  the  direct  reduction  of  the  oxide 
of  the  metal,  it  does  not  seem  possible  to  have  a  more  simple 
process,  and  not  probable  that  a  more  complicated  compound 
can  be  treated  in  a  more  economical  manner.  It  may  be  in- 
ferred, therefore,  that  further  cheapening  of  aluminium  will 
depend  upon  the  greater  consumption  of  the  metal  and  also 
upon  cheaper  power  and  materials,  and  the  consequent  de- 
crease in  the  average  general  expenses  with  greater  output. 
The  present  total  output  of  pure  aluminium  is  between  4  and 
5  tons  per  day,  which  is  more  than  the  annual  production  up 
to  1886  This  rapid  increase  in  production  has  been  due 
primarily  to  the  decreased  selling  price,  which  encouraged 
consumers  to  make  practical  use  of  the  metal.  The  present 
consumption  may  be  graded  into  three  classes,  each  of  which 
takes  about  equal  parts.  These  are  iron  and  steel,  brass  and 
bronze,  and  pure  metal. 

The  best  testimonial  is  the  continued  use  of  the  metal,  and 
this  is  given  by  both  iron  and  steel  makers,  and  bronze  founders. 
The  properties  of  aluminium  have  been  greatly  exaggerated, 
and  as  greatly  depreciated  by  many  writers  whose  chief  ability 
seemedlo  be  their  desire  to  appear  in  print.  N  :^  ithstanding 
the  difficulties  in  perfecting  a  new  process,  and  in  introducing 
a  new  metal,  aluminium  has  obtained  a  place  among  the 
metals  of  ordinary  and  daily  use,  and  its  position  is  continu- 
allv  being  made  more  secure  by  a  further  appreciation  of  the 
uses  to  which  it  has  been  pat  successfully,  and  by  new  uses 
for  which  it  is  almost  daily  being  introduced. 

In  using  aluminium  for  steel  the  amount  varies  from  one- 
third  to  three  quarters  of  a  pound  to  1  ton  of  steel,  the  result 
being  sound  ingots  or  castings  free  from  blowholes,  and  a  de- 
crease in  scrap"  and  wastersT  A  further  advantage  is  that  a 
milder  steei  can  be  used  for  castings. 

Wrought-iron  castings  have  been  made  by  the  Mitis  proc- 
ess, which  depends  upon  the  use  of  aluminium,  but  the  vari 
able  resulis  obtained  have  not  led  to  the  general  use  of  this 
process,  although  it  has  not  been  abandoned. 

The  use  of  aluminium  with  cast  iroc  produces  sharper  and 
cleaner  castings,  free  from  blowholes,  and  gives  a  more  uni- 
form casting."  The  iron  is  made  softer,  with  less  tender 
chill,    part    of    the    combined  carbon    being  converted  into 
graphite. 

"  The  amount  of  aluminium  to  be  added  to  cast  iron  varies 
with  the  quality  of  the  iron,  but  1  to  2  lbs.  to  the  ton  of  iron 
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gives  good  results.  Too  much  aluminium  is  apt  to  be  worse 
than  none  at  all,  and  while  it  does  useful  work  in  east  and 
wrought  iron  and  steel,  its  presence  in  the  finished  metal  is 
not  wanted. 

This  is  not  the  ease  with  the  copper  alloys,  where  aluminium 
is  used  to  great  advantage  up  to  10  per  cent.,  beyond  which 
the  alloy  becomes  extremely  hard  and  brittle,  and  loses  its 
valuable  qualities. 

Aluminium  is  used  with  all  the  well-known  brasses  and 
bronzes  with  beneficial  results  in  quantities  up  to  1  per  cent, 
for  deoxidizing  or  purifying  the  mixture,  and  its  presence  in 
the  finished  product  is  not  detrimental.  The  result  of  these 
small  quantities  of  aluminium  is  to  produce  cleaner  and 
stronger  castings. 

While  copper  and  aluminium  alloy  in  any  proportion,  the 
useful  bronzes  do  not  contain  over  10  per  cent,  of  aluminium. 
These  bronzes  vary  in  strength  and  physical  properties,  but 
all  of  them  can  be  forged  hot  or  run  into  sand  castings.  Cast- 
ings of  10  per  cent,  bronze  are  much  like  rolled  mild  steel, 
having  a  tensile  strength  of  26  tons  to  28  tons  per  square  inch, 
and  an  elongation  in  2  in.  of  25  per  cent,  to  30  per  cent.,  but 
with  a  specific  gravity  of  7.5,  while  steel  is  8.0.  The  5  per 
cent,  bronze  is  much  softer  and  less  strong,  having  a  tensile 
strength  of  17  tons  to  18  tons  per  square  inch,  and  an  elonga- 
tion of  CO  per  cent,  to  70  per  cent,  in  2  in.  Many  different 
qualities  of  aluminium  brass  are  made,  but  the  best  give  a 
tensile  strength  from  30  tons  to  35  tons  per  sauare  inch,  and 
6  per  cent,  to  15  per  cent,  in  2  in.,  as  required. 

There  are  no  copper  alloys  without  aluminium  which  ap- 
proach those  containing  aluminium,  and  from  the  physical 
properties  noted  above  it.  will  be  seen  that  sand  castings  can 
be  made  equal  to  wrought-iron  forgings,  and  with  a  material 
which  is  not  consigned  to  an  almost  valueless  scrap  heap 
should  an  accident  occur  to  the  part.  Increased  tensile 
strength  is  obtained  in  the  bronzes  by  the  addition-of  silicon, 
but  it  is  at  the  expense  of  elongation. 

The  pure  metal  is  used  as  such  for  many  different  purposes 
in  castings,  sheets,  tubes  and  wire.  The  malleability  of  the 
metal  is  such  that  it  can  be  beaten  into  leaf,  which  has  largely 
replaced  silver  leaf. 

The  shrinkage  of  pure  metal  is  about  i  in.  to  the  foot,  but 
castings  are  usually  hardened,  so  as  to  get  increased  strength 
and  to  allow  machining,  and  the  shrinkage  decreased. 

The  pure  metal  is  quite  soft,  and  in  castings  has  a  tensile 
strength  of  about  8  tons  per  square  inch,  while  the  hardened 
metal  has  a  tensile  strength  of  about  12  tons  per  square  inch, 
and  is  as  hard  as  gun  metal.  Sheet  and  wire  are  much  stronger 
than  castings,  depending  on  the  amount  of  work  done  on  the 
ingot  metal.  As  no  satisfactory  solder  has  been  found  for 
aluminium,  its  uses  are  restricted  to  worK  that  can  be  cast, 
stamped,  spun,  drawn  or  riveted,  yet  with  this  drawback  the 
applications  are  numerous  when  there  is  a  disposition  to  use 
the  metal.  Aluminium  cooking  utensils  have  found  favor 
wherever  tried,  and  are  at  present  supplied  by  several  makers. 

The  reading  of  the  paper  was  followed  by  a  short  discus- 
sion, in  the  course  of  which  Mr.  Joseph  Adamson,  of  Hyde, 
stated  that  he  had  been  in  correspondence  with  Captain  Hunt, 
President  of  the  Pittsburgh  Reduction  Company,  with  a  view 
to  the  construction  of  a  boiler  of  aluminium  plates,  and  from 
the  information  he  had  received,  it  appears  that  the  company 
are  now  producing  plates  of  nearly  pure  aluminium,  having  a 
tensile  strength  of  50,000  lbs.  per  square  inch,  or  if  necessary 
55,000  lbs.,  an  elastic  limit  of  35.000  lbs.,  with  a  reduction  of 
area  of  20  per  cent.,  or,  in  other  words,  with  an  elastic  limit 
equal  to  that  of  good  soft  steel,  which  is  three  times  as  heavy. 
At  present  the  Company  are  rolling  plates  up  to  30  in.  in 
width,  and  are  prepared  to  supply  ingots  at  a  cost  of  about 
2*.  a  pound,  which  can  be  rolled  to  the  same  size  as  ordinary 
steel  boiler  plates. 


NOTES   AND    NEWS. 


Railway  Pension  Fund  of  Holland  —Employes  of  State 
railways  in  Holland  pay  1  per  cent  of  their  wages  to  a  pen- 
sion fund,  and  during  illness  they  receive  two-thirds  of  their 
regular  salary  for  four  months. 

English  DiningCars.— The  Midland  Railway  Company  on 
trains  from  London  to  Glasgow  has  introduced  the  American 
system  of  dining  cars,  but  has  bettered  it  by  serving  meals  for 
both  first  and  third-class  passengers.     Tin'  dinner,  first-class, 

is  85  cents,  third-class,  co  cents.  Passengers  who  prefer  may 
dine  11  In  carte,  ordering  a  cup  of  coffee  tor  5  cents,  or  tea  witii 
bread  and  butter  for  10  cents,  or  a  chop  with  bread  and  pota- 
toes for  SO  cents. 


Railway  Trains  Run  by  Water  Power.— The  announce- 
ment is  made  that  the  Canadian  Pacific  Railroad  will  adopt 
the  trolley  system  for  moving  trains  over  two  sections  oi  the 
Rocky  Mountains.  The  power  will  be  developed  from  the 
waters  which  rush  down  the  precipices  and  along  the  moun- 
tain sides. 

A  2,000-Volt  Electric  Current. — Mr.  Tesla  has  been  mak- 
ing some  brilliant  experiments  with  high-voltage  electric  cur- 
rents. It  is  stated  that  he  has  received  through  his  hands  cur- 
rents at  a  potential  of  more  than  200.000  volts,  and  there  is  a 
report  that  he  expects  to  obtain  a  potential  of  3,000,000  volts 
in  some  of  his  future  experiments. 

Rail  to  the  Arctic  Ocean.— A  plan  is  on  foot  in  Russia  for 
building  a  railroad  to  the  Arctic  Ocean  near  the  Swedish  fron- 
tier. Starting  from  the  Norwegian  terminus  of  the  Finnish 
railways,  the  road  will  be  about  470  miles  long.  There  are  no 
serious  engineering  difficulties  in  the  way  of  such  a  railway, 
and  as  it  will  be  built  on  a  cheap  system  much  used  in  Pin- 
land,  the  cost  will  be  in  the  neighborhood  of  $13,000,000. 

Windmills  for  Electrical  Lighting. —Some  extensive  ex- 
periments have  been  made  lately  with  the  use  of  windmills  for 
electrical  lighting,  which  have  given  promise  of  ultimately 
developing  into  something  that  will  be  successful  and  useful. 
The  records  of  the  United  States  Signal  Service  for  the  past 
15  years  show  that  wind  may  be  relied  upon  to  blow  with  surti- 
cient  velocity  to  drive  a  windmill  with  its  average  working 
capacity  8  hours  out  of  every  24. 

Illuminated  Life  Buoy. — Some  trials  have  recently  been 
made  on  board  a  German  war  vessel  with  an  electric-light 
buoy.  The  buoy  was  thrown  overboard  when  the  vessel  was 
proceeding  at  a  speed  of  about  16  knots.  For  a  few  seconds 
it  was  lost  in  the  eddy  currents  caused  by  the  screws,  but 
then  reappeared.  It  is  expected  that,  the  buoy  will  be  found 
useful  at  night,  and  the  experiments  have  resulted  so  success- 
fully that  it  will  probably  be  adopted  by  the  German  Navy. 

Felling  Trees  by  Electricity. — Trees  are  felled  by  elec- 
tricity in  the  great  forests  of  Galicia.  For  cutting  compara- 
tively soft  wood  the  tool  is  in  the  form  of  an  auger,  which  is 
mounted  on  a  carriage  and  is  moved  to  and  fro  and  revolved 
at  the  same  time  by  a  small  electric  motor.  As  the  cut  deep- 
ens wedges  are  inserted  to  prevent  the  rift  from  closing,  and 
when  the  tree  is  nearly  cut  through  an  ax  or  handsaw  is  used 
to  finish  the  work.  In  this  way  trees  are  felled  very  rapidly 
and  with  very  little  labor. 

Test  of  Armor  Plate.  -On  May  15  there  was  a  test  of  the 
armor-plate  representing  the  turrets  of  the  Maine,  Puritan, 
and  Monadnock,  at  the  proving  ground  of  the  Bethlehem  Iron 
Company.  The  plate  tested  was  Harvey ized  and  curved  as  it 
would  go  on  the  ship,  with  a  thickness  of  8  in.  To  cause  the 
acceptance  of  the  armor  which  it  represented,  it  had  to  re- 
ceive a  blow  from  a  100  lb  6  in.  shot  at  1,678  ft.  per  second 
without  cracking,  and  a  blow  from  another  6-in.  shell  having 
a  striking  velocity  of  1,978  ft.  per  second,  without  being  pene- 
trated. These  conditions  were  met.  The  penetration  by  each 
of  the  shots  was  from  2  to  3  in.  As  the  projectiles  were  broken 
and  the  pieces  remained  welded  in  the  holes,  it  was  impossible 
to  accurately  measure  the  penetration,  but  the  plate  was  not 
cracked.  Captain  Simpson,  Chief  of  the  Bureau  of  Naval 
Ordnance,  who  directed  the  details  of  the  trial,  ordered  the 
18-in.  gun  fired  at  the  plate  with  1.835  ft.  velocity.  A  250-lb. 
armor-piercing  projectile  was  fired.  The  plate  was  cracked, 
but  not  penetrated  by  this  blow. 

A  Peculiar  London  Railway  Station.  — A  very  queer  rail- 
way station  in  London  is  that  at  Wapping,  on  the  Fast  Lon- 
don Line.  Very  few  dwellers  in  other  parts  of  London  ever 
get  out  at  Wapping,  and  thus  they  miss  the  singular  beauties 
of  the  station.  Its  appearance  is  that  of  a  huge  caisson  for 
some  engineering  works  to  which  winding  staircases  have  been 
added.  Up  the  sides  of  the  huge  caisson  the  passengers  crawl 
like  flies  on  a  window  pane.  The  secret  of  its  queer  appear- 
ance is  that  it  was  originally  the  northern  shaft  of  the  famous 
Thames  Tunnel,  which  Brunei  built  in  1843  at  a  cost  of  £468,- 
000  ($2,277,522).  It  was  very  dangerous  work,  owing  to  the 
porous  nature  of  the  river  bed,  and  the  tunnel  was  long  con- 
sidered a  masterpiece  of  engineering.  It  consists  of  two  arched 
ways  of  1,200  ft.  long,  14  ft.  wide,  16}  ft.  high,  and  16  ft. 
below  the  river.  For  a  long  time  it  was  a  popular  excursion 
to  go  through  the  tunnel  ;  but  it  never  was  a  financial  success, 
and  in  1805  the  East  London  Railway  bought  it  for  £300,000 
($973,300),  or  less  than  half  its  cost.  The  company  now  leases 
its  lines  to  a  syndicate  of  other  companies,  who  use  the  tunnel 
as  means  of  communication  between  the  southern  and  north- 
ern 1  ail  way  systems. 
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A  New  Austrian  Mitrailleuse. — The  Austrian  Government 
has  definitely  adopted  Archduke  Karl  Salvator's  automatic- 
mitrailleuse.  The  arsenal  trials  proved  highly  satisfactory. 
One  hundred  of  the  guns  have  already  been  manufactured. 
The  gun  will  not  be  used  in  field  service,  but  only  on  the 
works  of  the  fortresses.  It  is  about  half  the  weight  of  the 
Maxim  machine  gun,  and  has  about  the  same  firing  rate.  The 
barrel  is  incased  in  a  water  jacket.  Twelve  hundred  rounds 
can  be  fired  continuously  without  overheating  the  gun. 

The  Local  Traffic  of  many  roads  is  curiously  managed  by 
some  one.  It  is  not  unusual  to  see  two  and  three-car  trains 
run  by  locomotives  of  90,000  lbs.  weight,  and  compound  at 
that.  As  the  mileage  made  by  these  engines  on  local  trains  is 
all  charged  in  the  annual  report,  it  is  not  surprising  that  the 
compound  engine  is  not  so  economical  as  expected.  To  a 
train  despatcher  or  a  round-house  foreman  anything  is  a  loco- 
motive, but  some  one  should  be  in  charge  who  understands 
the  ins  and  outs  of  the  matter.  It  is  a  great  waste  of  power 
to  use  a  horse  to  draw  a  baby- wagon.  —  The  Engineer. 

Petroleum  for  Fuel  in  Buenos  Ayres  —  Experiments  have 
recently  been  made,  it  is  said  with  success,  on  the  Southern 
Railway  of  Buenos  Ayres,  in  the  use  of  petroleum  on  locomo 
tives.  Only  two  conditions  are  needed  to  make  its  use  prac- 
ticable :  one  is  that  other  fuel  relatively  to  petroleum  should 
be  dear,  and  that  petroleum  relatively  to  other  fuel  should  be 
cheap.  Under  those  conditions  petroleum  may  be  used  eco- 
nomically, otherwise  not. 

Aluminium  for  Lithography. — The  latest  use  to  which  alu- 
minium is  put,  notes  a  technical  journal,  is  in  lithography,  in 
which  process  it  is  claimed  to  possess  many  advantages  over 
the  stone  now  used  while  fulfilling  all  the  requisite  conditions. 
The  only  stone  used  for  lithographing  is  found  in  Bavaria,  and 
as  the  supply  is  diminishing  the  price  is  increasing.  More- 
over, it  is  very  brittle,  and  being  rigid  can  be  used  only  on  flat 
surfaces.  Under  a  recently  patented  process,  we  are  told, 
aluminium  plates  can  be  molded  into  forms  for  cylinder  presses. 

The  First  Iron  Bridge. — The  first  iron  bridge  ever  erected 
in  the  world,  and  which  is  in  constant  use  at  the  present  time, 
spans  a  little  river  in  the  county  of  Salop,  on  the  railroad 
leading  from  Shrewsbury  to  Worcester,  England.  It  was 
built  in  the  year  1773,  and  is  exactly  96  ft.  in  length.  Total 
amount  of  iron  used  in  construction,  378  tons.  Stephenson, 
the  great  engineer,  in  writing  concerning  it,  said  :  "  When  we 
consider  the  fact  that  the  casting  of  iron  was  at  that  time  in 
its  infancy,  we  are  convinced  that  unblushing  audacity  alone 
could  conceive  and  carry  into  execution  such  an  undertak- 
ing."— St.  Louis  Republic. 

The  Lake  Steamer  "  North  America." — A  new  steamer 
has  recently  been  launched  at  the  Globe  Iron  Works,  Cleve- 
land, for  the  Northern  Steamship  Company,  and  it  is  intended 
for  service  between  Duluth  and  Buffalo.  The  general  dimen- 
sions are  as  follows  :  Length  over  all,  383  ft. ;  length  between 
perpendiculars,  360  ft.;  breadth,  molded.  44  ft.;  depth,  26  ft.; 
depth  to  spar-deck,  34  ft.  5  in.  The  vessel  has  been  built  of 
mild  steel  throughout,  with  an  inner  bottom  extending  from 
the  collision  bulkhead  forward  to  the  afterpeak  bulkhead  aft. 
It  has  been  built  under  special  survey  in  order  to  obtain  the 
highest  classification  in  the  United  Stales  standard  rules. 

This  vessel  is  fitted  with  two  vertical  quadruple-expansion 
engines  of  3,500  H.P.  each,  and  with  a  total  H.P.  of  7,000  the 
vessel  is  expected  to  make  an  average  speed  of  over  20  statute 
miles  per  hour.  The  boilers  are  the  Belleville  patent  water- 
tube  system  ;  their  nominal  evaporative  efficiency  will  give 
the  main  engines  7,000  H.P.  and  to  the  auxiliaries  500  H.P. 
more,  with  natural  draft. 

The  electric-lighting  plant  is  divided  into  three  units  ;  each 
unit  consisting  of  a  vertical,  direct-connected,  three-cylinder, 
triple-expansion  engine  and  dynamo.  The  units  are  of  400 — 
16  c.  p.  light  capacity  each,  and  develop  an  E.  M.  F.  of  110 
volts  at  300  revolutions  per  minute.  The  state  rooms  are 
lighted  by  16  c.  p.  lamps,  enclosed  in  ground  glass  globes  ; 
these  lamps  are  lighted  and  extinguished  by  a  switch  placed 
adjacent  to  the  berth.  The  main  saloon  is  lighted  by  means 
of  beautiful  clusters,  and  in  each  panel  running  parallel  with 
the  state-rooms  is  placed  a  16  c.  p.  lamp,  enclosed  in  a  ground 
glass  globe.  This  same  mode  of  lighting  is  followed  in  other 
departments  ;  the  style  of  fixtures,  however,  is  somewhat 
varied. 

A  refrigerating  apparatus  will  be  supplied  by  the  De  La 
Vergne  Refrigerating  Machine  Company,  of  New  York.  The 
machine  which  this  Company  supplies  will  be  one  of  8  tons  re- 
frigerating capacity  every  24  hours,  and  is  Ihe  model  which 
this  Company  has  especially  designed  for  the  purpose  of  going 
on  board  of  ships. 

Russian  Armored   Ship   "Navarin." — The   new   Russian 


armored  ship  3  launched  in  1S92  (but  formally  com- 

menced October  8,  1890,  in  the  anniversary  of  the  famous 
Navarin  sea  battle),  is  now  incorporated  to  the  Russian  fleet. 
and  will  have  a  crew  of  579  men.  The  Naearin  is,  the  Peter 
the  Great  being  excluded,  the  largest  ship  in  the  Baltic  fleet. 
The  general  dimensions  are:  Leugth,  338  ft.;  breadth  with 
armor-plates,  67  ft. ;  draft,  25  ft.T  displacement,  9,476  tons. 
The  whole  ship  is  made  of  steel,  the  over  deck  (armored)  also  ; 
only  the  planking  of  the  overdeck  and  the  lining  of  the  armor 
are  of  wood.  The  armor  extends  3  ft.  above  the  water-line 
and  4  ft.  below  it.  The  thickness  of  armor  in  the  middle  part 
of  the  ship  is  16  in.;  the  thickness  of  armored  turrets  is  12  in. 
There  are  two  engines  of  9,000  indicated  H.P.  Each  engine 
has  a  counting  apparatus  and  another  apparatus  which  show 
the  number  of  revolutions  of  the  screws.  The  engines  are 
provided  with  12  cylindrical  boilers,  each  with  three  furnaces. 
The  ship  has  a  steam  winch  and  special  vertical  tubes  for  hoist- 
ing ashes  from  the  ash-pits  ;  and  a  steam  steering-gear.  Each 
engine  contains  a  special  evaporator  to  produce  2,200  galls,  of 
water  for  boilers,  and  1,900  gallons  of  fresh  drinking-water  a 
day.  Each  evaporator  is  provided  with  two  apparatus  of 
Totov,  which  gives  160  galls,  of  fresh  water  in  an  hour.  The 
ventilation  is  very  perfect.  The  military  department  has  its 
own  ventilation.  The  ship  will  be  lighted  by  electricity.  The 
auxiliary  means  of  transport  consists  of  two  rowing  long-boats, 
one  half  long-boat,  two  transport  boats,  two  six-row-yawls, 
two  steam  long-boats  ;  eleven  in  all.  There  is  a  single  mast, 
very  thick,  of  steel,  only  for  giving  signals.  It  has  two  side 
shrouds  for  hoisting  the  long-boats.  Aloft  the  mast  is  armed 
with  10  rapid-fire  guns.  The  armament  consists  of  four  giant 
12  in.  guns  in  two  turrets,  which  are  revolving  and  each  con- 
tains two  guns.  They  are  the  largest  guns  which  have  yet 
been  made  for  the  fortresses.  Beside  them  the  ship  has  eight 
6-in.  long-shot  guns  in  the  middle  part,  four  each  side  ;  12 
rapid-fire  guns  on  the  stern,  fore  and  middle,  and  10  guns  on 
the  mas  (as  above  said)  ;  and  six  Whitehead  raining  (torpedo) 
apparatus.  Under  this  armed  part  of  the  ship  the  sailors' 
deck  is  placed.  The  captain's  cabin  takes  its  stern  end  (three 
rooms)  :  the  ward-room,  bath,  and  bar  are  also  situated  here. 
The  officers'  ward-room  and  their  cabins  (state-rooms)  are 
nearer  to  the  center.  Below  this  deck,  and  therefore,  already 
under  water,  the  rooms  for  the  crew  are  designed.  The 
armored  ship  Xncarin  was  built  by  the  Company  of  Franco- 
Russian  Works  in  St.  Petersburg.  The  hull  alone  cost  $800,- 
000.  The  engine  was  also  made  by  the  same  Company,  and 
cost  $724,200,  and  with  supplementary  devices  and  evapora- 
tors, $770,800.  Therefore  the  whole  cost  of  the  ship  is  $1,570,- 
800.  For  comparison  we  will  say  that  the  armored  ship  Peter 
the  Great  has  cost  $3,000,000.  The  ship  is  not  yet  finished, 
and  now  she  has  gone  from  Newa  Channel  (in  St.  Petersburg) 
to  Kronstadt,  where  she  will  receive  the  armament,  and  next 
year  she  will  make  a  four  months'  cruise. 

Underground  Traction. — It  is  reported  that  the  Metropoli- 
tan Traction  Company,  of  New  York,  are  to  make  a  trial  of 
the  Siemans-Holske  system  of  underground  electric  trolley 
line  in  New  York.  The  system  has  been  in  use  successfully 
for  some  time  in  Buda  Pesth  on  several  lines,  the  first  of 
which  was  laid  down  in  July,  1889.  This  system  is  of  the 
simplest  construction,  consisting  of  a  conduit  of  pear-shaped 
section  with  two  angle  irons  on  one  side,  one  for  the  in-going 
and  the  other  for  the  return  current.  Sliding  contact  is  made 
by  means  of  shuttle-shaped  sliders.  Sixty  cars  are  now  run 
over  the  lines  at  Buda-Pesth,  at  an  average  speed  of  12  miles 
an  hour,  and  at  a  cost  of  54  cents  per  car  mile.  It  would  thus 
seem  that  this  system  has  demonstrated  its  practicability  at 
Buda-Pesth,  and  it  remains  to  be  seen  if  the  conditions  at  New 
York  would  militate  against  its  success  there.  It  may  be 
noted  that  in  a  report  of  the  United  States  Consul  at  Buda- 
Pesth,  made  about  a  year  ago,  it  was  stated  that  the  operation 
of  the  road  was  several  times  interrupted  by  unusually  heavj 
falls  of  snow,  though  otherwise  its  operation  was  declared  suc- 
cessful 

Spray  in  the  Boiler. — A  French  engineer  is  reported  to 
have  designed  a  safety  boiler  of  a  somewhat  novel  character. 
It  consists  of  a  nest  of  horizontal  tubes  placed  over  the  fur- 
nace. Into  this  nest  water  is  injected  in  the  form  of  spray, 
under  which  conditions  it  is  instantaneously  evaporated  anil 
superheated.  "  Solid"  water,  if  one  may  use  the  term,  is 
never  admitted  to  the  tubes.  The  evaporative  power  of  the 
boiler  is  said  to  be  remarkable,  and  it  is  stated  that  the  tubes 
do  not  burn  out. 

Cost  of  Transmitting  Power. — A  comparison  of  the  cost 
of  transmitting  power  by  various  methods,  as  given  in  a 
French  mining  journal,  presents  the  following  data  :  1.  Com- 
parative cost  on  10  H.P.  transmitted  in  1,093  yds.— by  cables, 
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1.77  per  effective  J  EL  P.  per  hour;  by  electricity,  2.21;  by 
hydraulics,  2.90  ;  by  compressed  air.  2.98.  2.  Comparative 
cost  on  50  II. P.  transmitted  1,093  yds. — by  cables,  1.35  per 
effective  II. P.  per  hour  ;  by  hydraulics,  1.87  ;  by  electricity, 
2.07  ;  by  compressed  air,  2.29.  3.  Comparative  cost  ou  10 
effective  II.  P.  transmitted  5,405  yds. — by  electricity,  2.04  per 
effective  II.  P.  per  hour  ;  by  compressed  air,  4.06  ;  by  cable, 
4.09  ;  by  hydraulics,  5.29.  4.  Comparative  cost  on  50  effec- 
tive IIP.  transmitted  5,405  yds.— by  electricity,  2.34  per  effec- 
tive II. P.  per  hour;  by  cables,  2.65;  by  compressed  air, 
8.99  ;  by  hydraulics,  3.02.  Steam  was  the  prime  mover  used 
in  each  of  the  above  instances,  and  it  appears  that,  for  long 
distances,  electricity  takes  the  lead  in  economy  over  all  other 
systems.  It  has  also,  remarks  the  journal  cited,  a  great  ad- 
vantage in  the  facility  with  which  the  power  may  be  sub- 
divided, and  there  appears  to  be  no  doubt  that,  in  fiiture  coal 
mining,  electricity  will  be  much  used  for  coal  cutting,  tunnel- 
ing, pumping,  hauling,  etc. 

The  "Ericsson." — Considerable  interest  has  been  excited 
from  the  fact  that  a  new  torpedo  boat,  the  Ericsson,  was 
launched  at  Dubuque,  1,500  miles  from  the  ocean.  The  de- 
signs for  the  hull  and  machinery  and  armament  of  this  boat  is 
154  ft.;  beam,  154  ft.;  draft,  4J  ft.  Her  displacement,  nor- 
mal, is  100  tons.  She  was  designed  to  be  longer  and  broader 
than  the  Gushing,  without  drawing  so  much  water,  and  giving 
a  greater  speed.  Completed,  with  slight  changes  in  the  design 
originally  adopted,  the  Ericsson  will  compare  with  the  dish- 
ing as  follows  : 

Ericsson:  Length,  154  ft.;  width,  154  ft.;  draft,  4}  ft.;  in- 
dicated II. P.,  2,500  ;  24  knots  speed  ;  displacement,  150  tons. 

Cashing:  Length,  138  ft.;  width,  15  ft.;  draft,  5i  ft.;  1,720 
II. P.  ;  22  knots  speed  ;  displacement,  116  tons. 

The  general  construction  of  the  vessel  is  on  the  transverse 
system,  and  special  attention  has  been  given  to  the  lougitudiual 
strength  and  stiffness  by  the  use  of  an  intercostal  vertical  keel 
and  broad,  heavy  stringer  plates.  At  the  bow  a  turtle-back 
deck  works  into  and  terminates  in  the  conning  tower.  The 
armament  of  the  vessel  will  consist  of  one  fixed  tube  in  the 
bow  for  firing  the  Howell  torpedo  ;  two  diverging  tubes  on  a 
training  circle  aft  for  the  firing  of  the  Whitehead  torpedo,  and 
four  1-pdr.  rapid-firing  guns.  The  turtle-back  deck  is  also 
worked  in  a  way  to  accommodate  the  torpedo  tube  and  load- 
ing gear  in  the  bow. 

In  the  interior  the  boat  is  thoroughly  modern,  and  that,  of 
course,  signifies  something  novel  in  a  United  States  torpedo 
boat.  The  motive  power  was  designed  by  the  Bureau  of 
Steam  Engineering,  and  consists  of  two  propelling  engines 
(rights  and  lefts)  of  the  vertical,  inverted,  direct-acting,  quad- 
ruple-expansion type,  with  Thornycroft  boilers,  all  placed  in 
a  common  water-tight  compartment.  These  are  calculated  to 
give  a  speed  to  the  vessel  of  about  23  knots  working  at  412 
revolutions  a  minute,  and  under  a  steam  pressure  of  250  lbs. 
to  the  square  inch.  The  weight  of  all  machinery,  boilers, 
auxiliaries,  and  contained  water,  but  exclusive  of  all  stores, 
spare  parts,  steering-gear  and  capstan,  is  less  than  52  tons.  An 
electric  plant  for  lighting  the  vessel  by  the  incandescent  sys- 
tem and  for  operating  a  search  light  has  been  provided.  This 
plant  is  installed  in  the  engine-room.  Every  means  for  the 
comfort  of  the  officers  and  crew  in  the  cramped  quarters  al- 
lotted to  them  has  been  employed,  the  fact  being  borne  in 
mind  that  the  radius  of  action  of  a  torpedo  boat  is  limited 
rather  by  the  endurance  of  the  people  on  board  of  her  than  by 
the  amount  of  coal  carried  in  the  bunker.  Two  state-rooms 
are  provided  for  the  officers,  and  a  large  room,  extending  the 
entire  width  of  the  boat,  containing  four  bunks,  is  provided 
for  the  petty  officers.  In  the  crew's  quarters  there  are  12 
bunks  and  a  swinging  space  for  four  hammocks. 

To  make  the  special  character  of  the  Ericsson  plain,  a  com- 
parison with  some  of  the  latest  built  torpedo  boats  of  the 
British  and  French  navies  is  herewith  given. 
Vessels.  Length.     Displacement.  Speed. 

Ericsson,  U.  S 154  ft.         150  tons        24     knots. 

Havock,  II.  M.  S ISO"  110    "  27        " 

Conreur,  France 149"         114    "  23.5     " 

Each  one  of  these  boats  is  intended  to  carry  three  quick- 
firing  guns  and  to  discharge  torpedoes  ahead  and  astern,  or  in 
practically  any  direction.  It  may  be  stated  that  of  these  three 
boats  the  Conreur  is  the  only  one  now  in  commission. — Provi- 
dence Sunday  Journal. 

Purdue  University  Laboratory.— President  Smart,  of  Pur- 
due University,  has  sent  out  a  circular  in  which  he  announces 
the  present  state  of  affairs  regarding  the  restoration  of  the 
laboratory  which  was  burned  on  the  23d  of  January  last.  The 
announcement  is  made  that  the  portion  of  the  buildings  which 
contained  the  foundry  and  wood-working  shop  has  been  re- 
paired, and  that  the  machines  and  tools  are  now  in  use  by  stu- 


dents. The  machine-room,  forge-room  and  steam  engineer- 
ing laboratory  are  in  process  of  reconstruction.  That  portion 
of  the  plant  which  has  excited  the  greatest  interest  among  the 
railroad  and  engineering  fraternity  is  the  locomotive  plant  for 
testing  locomotives,  and  every  one  will  be  glad  to  learn  that 
this  will  not  only  be  replaced,  but  that  the  facilities  for  doing 
work  will  be  very  greatly  increased.  This  plant  will  be  re- 
moved from  the  general  laboratory  to  a  new  building  especially 
designed  to  receive  it,  and  the  new  plant  will  be  larger  and 
more  complete  than  the  original.  Its  parts  will  be  made  ad- 
justable to  receive  any  locomotive  whatever  ;  and  in  order 
that  the  whole  may  be  available  for  testing  the  performances 
of  locomotives  from  any  part  of  the  country,  the  building  will  , 
be  connected  by  a  track  with  the  Lake  Erie  &  Western  Rail- 
road. A  new  traction  dynamometer  made  up  of  the  weighing 
portion  of  an  Emery  testing  machine  of  30,000  lbs.  capacity 
has  been  especially  designed,  and  is  now  being  built  by  Messrs. 
William  Sellers  &  Company.  The  possession  of  this  fine  piece 
of  apparatus  will  secure  great  accuracy  in  the  determination 
of  draw-bar  stresses,  which  is  one  of  the  important  elements 
in  the  performance  of  a  locomotive.  The  importance  of  the 
locomotive  work  that  originated  at  Purdue  has  been  especially 
recognized.  Before  the  fire  there  was  a  single  locomotive  ; 
now,  by  the  addition  of  the  Baldwin  working  model,  there 
will  be  in  effect  two  ;  then  the  locomotive  was  in  the  general 
laboratory,  now  it  is  to  occupy  an  annex  by  itself  ;  then  it 
was  an  isolated  plant  remote  from  railroads,  now  the  annex  is 
in  track  connection  with  the  railroads  of  the  country  ;  then 
the  plant  was  arranged  to  test  the  Purdue  locomotive  Schenec- 
tady only,  now  ample  provision  has  been  made  for  testing  any 
locomotive  that  may  be  ordered.  Certainly  the  officers  and 
faculty  of  Purdue  University  are  to  be  congratulated  upon  the 
prompt  response  for  assistance  which  they  have  received  and 
the  cheerfulness  with  which  large  sums  of  money  have  been 
made  available  for  the  restoration  of  this  most  valuable  labora- 
tory. 

Projected  Line  up  the  Jungfrau. — The  Swiss  Department 
of  Finance  has  received  from  the  well-known  financier  of 
Zurich,  Guyler  Zeller,  a  request  for  the  concession  for  a  road 
of  a  new  design  up  the  Jungfrau.  We  know  that  there  are 
already  three  old  projects  in  existence  at  which  the  point  of 
departure  is  put  in  the  upper  valley  of  the  Lauterbrunner. 
The  others  are  Messrs.  Coechlin,  formerly  Engiueer  of  the 
Eiffel  establishment  in  Paris  ;  Colonel  Locher.  and  Engineer 
Trautweiller,  but  up  to  the  present  time  none  of  these  projects 
have  any  chance  of  being  executed.  The  new  project  will 
start  from  Scherdegg  Station,  which  is  the  highest  point  reached 
from  the  railroad  Wengeralp  that  was  opened  to  traffic  in  1893. 
Starting  from  Scherdegg,  the  route  turns  to  the  west,  passes 
along  the  side  of  Fallboden,  and  abuts  directly  at  the  foot  of 
the  Eiger  glacier,  then  toward  the  east  and  afterward  to  the 
south  into  a  tunnel,  in  order  to  avoid  the  massive  Eiger,  and 
reaches  Eiger  Station,  located  at  an  altitude  of  10,171  ft.,  and 
is  built  in  under  open  cut.  Then  the  line  turns  to  the  right, 
still  in  the  tunnel,  towaid  Moench  and  the  neck  of  the  Jung- 
frau, which  will  be  pierced  at  a  distance  of  345  ft.  from  the 
crest  ;  it  then  turns  in  a  spiral  up  through  the  massive  rock  of 
the  Jungfrau  itself  to  emerge  on  a  small  plateau  located  4,593  ft. 
above  the  level  of  the  sea.  This  plateau  is  218J  ft.  from  the 
summit,  and  is  not  covered  with  snow  in  the  summer-time. 
Finally,  the  crest  is  reached  by  means  of  an  elevator  of  213± 
ft.  in  height,  composed  of  two  concentric  tubes  of  iron  ;  the 
interior  to  be  enclosed.  The  elevator  proper  and  the  annular 
space  between  them  is  provided  with  a  stairway.  At  the  cen- 
ter of  the  line  between  Scherdegg  and  Eiger  stations,  as  well 
as  between  Eiger  and  the  Jungfrau,  stopping  and  crossing 
places  are  located.  The  gauge  of  the  track  is  to  be  2  ft.  7A 
in.  The  minimum  radius  of  curves  will  be  197  ft.  and  the 
steepest  grade  will  be  25  per  cent.  The  line  in  the  open  will 
have  a  length  of  7,054  ft.,  the  tunnels,  33,629  ft.  ;  curves 
represent  26  per  cent,  of  the  total  length  of  line.  In  varia- 
tions from  this  project  the  figures  given  above  are  respectively 
820  ft.,  27,560  ft.,  and  the  total  length  is  6.77  miles  instead  of 
7.7  miles  of  the  original  project.  As  for  motive  power,  they 
propose  to  use  electricity.  The  tunnels  are  to  be  lighted  with 
electric  light  ;  their  section  will  be  129  sq.  ft.  The  water 
power  will  be  taken  at  Tunnelbach  or  at  one  of  the  two  Luts- 
chines.  The  line  will  first  be  built  up  to  Eiger  station,  and 
this  will  necessitate  further  service  and  a  delay  of  two  years. 
During  the  following  two  years  the  second  section  of  the  line 
will  be  built.  The  estimated  outlay  is,  for  the  main  line, 
$1,425,000  in  round  numbers,  of  which  $972,040  is  for  sub- 
structure, fltfl,  820  for  superstructure,  and  $115,900  for  rolling 
stock  from  the  elevator  for  the  State  lines;  the  cost  of  construc- 
tion will  rise  to  $1,254,000,  and  an  estimated  dividend  is  placed 
at  5.16  per  cent. 
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Cotton  Mills  in  Egypt. — The  success  which  has  attended 
the  establishment  of  mills  in  the  United  States  and  other 
countries  (in  the  neighborhood  of  cotton  fields  has  suggested 
to  capitalists  the  practicability  of  trying  the  experiment  in 
Egypt  of  fabricating  the  native  cotton  to  clothe  the  people  of 
the  country.  A  company  is  forming  with  English  and  local 
capital  to  establish  at  Cairo  a  factory  of  about  18.000  ring 
spindles  and  300  looms  of  the  newest  and  most  approved  make  ; 
and  if  the  venture  prospers  it  is  proposed  to  establish  mills  at 
Alexandria  and  other  points.  The  Cairo  factory  will  be  under 
English  management,  and  will  be  equal  in  many  respects,  it  is 
promised,  to  the  most  modern  and  best-equipped  factories  in 
England.  An  authorization  for  the  undertaking  has  been 
granted  by  the  Egyptian  Government,  and  assurances  have 
been  given  that  every  encouragement  will  be  afforded  the  new 
industry.  The  demand  for  cotton  cloth  in  Egypt  is  large  and 
constantly'  increasing,  while  Cairo  is  a  distributing  point  not 
only  for  Upper  and  Lower  Egypt,  but  also  for  the  supply  of 
cotton  goods  to  the  adjacent  countries.  Egyptian  cotton, 
both  brosvn  and  white,  is  well  known  to  be  of  excellent  qual- 
ity, and  can  be  delivered  in  Cairo  at  a  much  lower  price  than 
in  England  ;  the  rate  of  wages  is  also  much  lower.  The 
Egyptian  workmen  are  clever  and  easily  taught,  and  the  sup- 
ply of  suitable  labor  is  ample.  In  addition  to  the  cost  of 
freight  and  forwarding  expenses  on  all  goods  coming  into 
Egypt  from  Europe,  there  is  a  duty  of  about  8  per  cent,  ad 
valorem  payable  on  all  imported  goods.  These  charges  will 
be  saved  on  the  home-made  production  as  well  as  the  original 
1  per  cent,  paid  on  the  cotton  when  it  was  shipped  from 
Egypt.  This  saving,  coupled  with  the  suitability  of  the 
climate  and  the  abundance  of  gpod  labor,  furnishes  evidence 
of  the  practicability  of  the  undertaking.  The  site  of  the  pro- 
posed factory  is  in  the  immediate  vicinity  of  the  Nile,  whence 
water  for  all  purposes  will  be  obtained,  and  the  river  can  also 
be  used  for  the  conveyance  of  coal  and  cotton  to  the  mill.  A 
railway  runs  near  the  factory,  and  a  branch  line  of  rails  can 
be  extended  into  the  grounds,  thus  giving  direct  communica- 
tion with  all  the  railways  in  the  country.  With  a  population 
of  between  7,000,000  and  8,000,000  people,  in  a  climate  where 
garments  of  wool  are  worn  but  a  few  months  in  the  year,  the 
project  theoretically  has  much  to  commend  it  ;  and  with  in 
telligent  and  prudent  management  this  venture  may  be  the 
precursor  of  a  movement  that  will  make  the  people  of  Egypt 
independent  of  England  for  their  fabrics,  for  Manchester's 
looms  now  supply  more  than  90  per  cent,  of  the  textiles  com- 
ing into  the  country.  The  enterprise  should  render  its  pro- 
jectors a  fair  measure  of  profit  and  at  the  same  time  give  the 
Egyptians  the  advantage  of  a  saving  in  the  cost  of  their  cloth- 
ing, and  illustrate  for  the  benefit  of  other  nations  whether 
Egypt  offers  a  medium  for  the  profitable  employment  of  cap- 
ital in  cotton  working. — Consular  Reports. 

An  Ancient  Telephone. — It  is  a  pretty  widely  known  fact 
that  as  early  as  1667  the  English  physicist,  Robert  Hooke,  de- 
scribed the  transmission  of  sound  to  a  very  considerable  dis- 
tance. He  says  that,  by  the  help  of  a  tightly-drawn  wire, 
which  even  might  be  bent  in  many  angles,  sound  might  be 
propagated  to  a  long  distance,  and  with  a  rapidity  which, 
though  inferior  to  that  of  light,  was,  at  any  rate,  infinitely 
superior  to  that  of  sound  in  the  open  air.  It  is  a  most  curious 
fact,  and  one  which  is  not  so  generally  known,  that  Jacob 
Christoph  Von  Grimmelshausen,  a  German  author  of  the  seven- 
teenth century,  in  the  first  chapter  of  the  third  book  of  his 
celebrated  novel,  "Simplicius  Simplicissimus,"  mentions  an 
instrument  which,  according  to  his  description,  not  only  corre- 
sponds to  Robert  Hooke's  apparatus,  but  leads  to  the  assump- 
tion of  the  existence  of  a  contrivance  at  the  time  of  the  Thirty 
Years'  War  very  similar  to  our  present  telephone.  The  pas- 
sage from  the  book  reads  literally  as  follows  :  "  I  was,  as  al- 
ready mentioned,  so  eager  to  gain  honor  and  renown,  that  I 
could  not  sleep  while  all  this  was  passing  through  my  head. 
And  when  I  had  such  fancies,  and  lay  awake  many  a  night 
thinking  how  I  might  contrive  new  finds  and  stratagems,  I 
had  very  curious  notions  ;  consequently  I  bethought  myself 
of  an  instrument  with  which  I  could  on  a  calm  night  hear  a 
trumpet  being  blown  at  three  hours'  distance,  and  a  horse 
neighing  and  a  dog  barking  at  two  hours',  and  a  man  talking 
at  one  hour's  distance.  In  the  daytime  the  instrument  was 
not  so  useful  to  me  unless  it  were  in  a  quiet  place,  because 
one  would  have  heard  the  horses  and  the  cattle  down  to  the 
least  bird  in  the  air,  or  frog  in  the  water,  all  together,  so  that 
one  would  not  have  understood  one  in  consequence  of  the 
noise  of  the  other.  Now,  I  know  quite  well  that  there  are 
people  at  this  very  hour  who  do  not  believe  me  ;  but,  whether 
they  believe  me  or  not,  it  is  the  truth.  I  undertake,  by  means 
of  an  instrument  invented  by  me,  to  recognize  at  night  by  his 
voice  a  man  who  does  not  speak  louder  than  his  usual  cus- 


tom. And  no  one  would  believe  me  of  those  who  saw  with 
their  own  eyes  how  I  used  the  aforesaid  instrument,  and  when 
I  said  to  them,  '  I  hear  horsemen  galloping,  for  the  horses  are 
shod,'  or  '  I  hear  peasants,  for  the  men  gcT  barefooted  '  ;  then, 
'  there  goes  a  herd  of  cattle,  for  I  hear  sheep  bleating,  bulls 
bellowing,  and  pigs  grunting,  and  so  forth.'  My  own  com- 
rades ■at  first  took  these  speeches  for  '  fibs,'  but  when  they 
found  in  reality  that  I  was  always  speaking  the  truth,  then 
they  called  it  witchcraft  taught  me  secretly  by  the  devil's  own 
mother.  I  am  of  opinion  that  if  I  had  taught  this  science 
openly  I  should  have  become  very  popular,  because  it  would 
have  proved  of  great  advantage  to  those  engaged  in  war,  espe- 
cially in  sieges."  This  is  what  Grimmelshausen  says  about 
his  "  far-hearing  instrument,"  to  which  must  be  accredited  a 
certain  resemblance  with  the  present  telephone. — Machinery. 

Engineering  Feat  at  Holloway. — In  the  ordinary  perform- 
ance of  the  daily  work  at  a  terminal  station  the  coaches  which 
arrive  from  their  journeys  have  to  be  stored,  cleaned  and 
transferred  from  the  arrival  side  to  the  departure  side  of  the 
station.  At  King's  Cross  the  Great  Northern  Railway  has 
always  done  some  of  this  work  in  the  terminus  itself,  but  the 
recent  erection  within  it  of  two  additional  platforms  for  main 
lines  service  has  necessitated  an  entirely  new  storage  ground 
at  Holloway.  The  empty  coaches  will  be  run  up  to  if  by  an 
extra  line  of  railway,  but  between  the  site  itself  and  the  line 
of  rails  by  which  the  coaches  have  to  be  returned  to  King's 
Cross  there  are  eight  intervening  roads  of  main  line,  for  goods 
and  slow  and  fast  passenger  service,  upon  which  the  traffic  is 
so  busy  that,  between  midnight  of  one  day  and  midnight  of 
the  next  day,  there  is  only  one  free  time  of  a  quarter  hour— 
namely,  between  1.15  a.m.  and  1.30  a.m. — when  anything 
could  pass  across  without  interruption  from  one  side  of  the 
railway  to  the  other.  Nothing  could  be  done  on  the  surface 
without  extreme  danger,  and  nothing  at  all  in  a  fog.  To  con- 
struct a  passage  under  the  eight  main  lines  had.  therefore,  to 
be  done  under  circumstances  which  have  no  actual  parallel. 
The  Canonbury  Railway  has  for  years  dived  under  the  Great 
Northern  at  this  point,  and  another  subway  has  now  been 
made  alongside  of  it  under  the  eight  main  lines  referred  to. 

The  problem  was  how  to  effect  this  without  any  disturb- 
ance of  the  service  runnings  of  the  trains.  First  the  eight 
double  b'nes  of  tails  were  temporarily  secured  by  timbeis  put 
under  them— a  roofing  being  thus  formed  for  excavating  a 
working  trench  below.  The  abutment  wall  of  the  Canonbury 
Railway  was  next  strengthened,  and  at  the  required  distance 
away  from  it  a  second  wall  was  built  underground.  On  the 
east  side  of  the  main  lines  was  a  shunting-ground  with  numer- 
ous points  and  crossings.  This  constituted  the  crux  of  the  un- 
dertaking, because  only  in  the  intervals  of  the  cessation  of 
traffic  on  Sundays  could  this  tract  be  cleared  and  the  rails  re- 
placed. Steps  were  accordingly  taken  by  erecting  at  the  side 
of  the  railway  embankment  a  staging  of  piles  upon  which  the 
whole  main  portion  of  the  new  steel  skew-bridge — 105  ft.  long 
and  26  ft.  wide,  with  end  girders  on  the  skew  60  ft.  in  span 
— could  be  riveted  up  and  completely  framed  together.  On 
each  side  of  the  staging  was  laid  a  double  line  of  rails,  and  on 
each  of  them  was  made  up  a  train  of  four  six-wheeled  trolleys, 
kept  at  distances  of  35  ft.  apart  by  horizontal  struts  of  timber. 
Each  of  these  trolleys  was  fitted  with  two  hydraulic  presses, 
the  rams  of  which  were  raised  up  to  the  point,  so  that  the 
under  side  of  the  two  lateral  girders  of  the  bridge,  as  they 
rested  upon  the  rams,  would  be  a  few  inches  above  the  tops 
of  the  two  abutment  walls,  which  were  ultimately  to  carry 
this  portion  of  the  bridge.  'When  all  was  completed,  three 
crab-winches  were  attached  to  the  ropes  and  pulleys,  and 
worked  by  four  men  each.  The  bridge  section,  weighing  200 
tons,  was  thus  moved  slowly  forward,  the  rails  and  crossings 
being  pulled  up  and  the  ground  dug  out  for  about  3  ft.  in 
depth  before  it.  Thus  a  way  was  cleared  for  the  bridge, 
which  is  a  flat  box-girder  construction  about  2  ft.  thick,  to 
pass  onward.  When  the  steel  structure  had  been  brought  to 
its  final  position,  the  hydraulic  rams  were  lowered  until  the 
bridge  rested  firmly  and  permanently  on  the  two  subterranean 
abutments.  The  trains  of  trolleys  were  then  withdrawn  back 
to  the  timber  staging  to  be  dismantled  and  removed.  The 
core  of  earth,  or  "dumpling,"  which  remains  has  to  be  re- 
moved at  leisure,  and  then  the  new  line  will  be  free  for  the 
service  of  the  empty  coaches.  In  both  the  structural  arrange- 
ments and  in  the  moving  of  the  ponderous  mass  the  intricacy 
of  the  skew  form  was  intensified  by  its  being  also  on  the 
curve  ;  but,  notwithstanding  the  difficulties  of  construction 
and  of  moving  into  place,  the  designs  had  been  so  accurate, 
and  the  working  to  span  so  true,  that  the  massive  structure 
was  brought  without  any  adjustment  into  a  perfect  fit  with 
the  contiguous  line  of  roadway.  To  fulfill  the  whole  engage- 
ment, eight  smaller  sections  of  the  bridge  were  required  to  be 
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put  together  on  the  west  side  of  the  Great  Northern  Embank- 
ment, and  to  be  hauled  over  the  main  lines  into  position  on 
succeeding  Sundays. —  Indian  Engineering. 


STANDARD  MOGUL  FREIGHT  LOCOMOTIVE  OF 
THE  DELAWARE  &  HUDSON  CANAL  COM 
PANY. 


The  Delaware  &  Hudson  Canal  Company  have  a  number  of 
mogul  locomotives  that  have  been  built  at  the  Oneonta  shops 
under  the  direction  of  Mr.  R.  C.  Blackall,  Superintendent  of 
Machinery,  that  are  doing  most  excellent  service,  engravings 
of  which  are  shown  in  this  connection.  Some  of  these  engines 
have  been  in  service  for  three  years,  and  have  not  been  in  the 
shops  since  they  were  built.  They  are  rated  as  first-class 
freight  moguls,  but  have  been  used  on  some  of  the  fastest  pas- 


Length  of  main  connecting-rod  from  center  to  centre  or  _ 

journals V    83f* 

Tran-verse  distance  from  the  center  of  one  cylitiei  to  the 

center  of  ihe  other 6 

Diameter  of  cylinder  and  stroke  of  piston 18        M' 

Horizontal  thickness  of  piston  over  piston-head  and  fol- 
lower plate s?"»' 

Kind  of  piston  packing Cast  iron  rings. 

Diameter  of  piston-rod 3' 

ll!*'  X  16-  —  V 

Size  of  steam-port -    bridge  in  cen- 

(   ter  of  port. 
|M        11'.'  —  1" 

"    ■'  exhaust  port <   bridge  in  cen- 

I    ter  of  port. 

Greatest  travel  of  slide  valves 554" 

Outside  lap  of  valve 

Inside  lap  of  slide  valves Line  and  line 

Lead  of  slide  valves  in  full  stroke —     ,y 

Thro'v  of  upper  end  of  reverse  lever  from  full  gear  forward 
to  full  gear  backward,  measured  on  the  choro!  of  the  arc 
of  its  throw 5*J$" 


F^? 


r  ' —    '-  •£ 


-        -     f-s' - 


STANDARD   MOGUL  FREIGHT  ENGINE   OF  THE  DELAWARE   A   HUDSON   CANAL  COMPANY'S  RAILROAD. 


senger  trains  and  where,  in  many  places  on  the  road,  it  is  nec- 
essary to  run  at  the  rate  of  60  miles  per  hour  in  order  to  main- 
tain schedule  time.  This  engine,  No.  257,  has  never  yet  failed 
to  meet  the  requirements.  The  freight  locomotives  on  this 
road  are  loaded  very  heavily,  so  much  so  that  they  have  to  be 
run  "  down  in  the  corner"  in  order  to  get  over  the  road,  and 
the  motive-power  department  naturally  feel  lhat  when  an  en- 
gine can  be  kept  out  of  shop  for  three  years  under  such  treat- 
ment as  this  it  is  well  built.  The  following  are  the  principal 
dimensions  of  the  engine  : 

Kind  of  fuel  used Anthracite  coal. 

Gange  of  road 4'    8"^" 

Total  weight  of  locomotive  in  working  order,  including 

two  men,  actual  weight 100,800  lbs. 

Weight  of  loaded  engine  and  tender 158,000  " 

Total  weight  on  driving-wheels 886,930  " 

n"      wheel  base a      - 

Distance  between  center  of  from  and  back  driving-wheels. 14'    -" 
"       from  center  of  main  driving-wheels  to  center  of 

cylinders... 11'  10* 

Distanoe  from  center  of  main  driving-wheels  to  center  of 

.  back  driving-wheels 6'    8" 


Sectional  area  of  opening  in  each  steam-pipe  connected 

with  cylinders 14.18* 

Diameter  of  driving-wheels  outside  of  tires 57Ji- 

"'  "  centers 50" 

"        '•  front  truck-wheels 32" 

ThickneBsof  driving-wheel  tires 3^" 

Size  of  main  driving-axle  journal,  diameter  and  length T      -9* 

"other  "  "  "        ■■       ....  7"      X  9"4" 

'■    •'  truck  axle  journals,  diameter  and  length 5'      x  9' 

"    "  main  crank-pin  journals,  diameter  and  length 4'      x  4' 

"    "  coupling-rod  journals,  diameter  and  length,  front 

and  back 8\"  x  3' 

Size  of  coupling-rod  journals,  diameter  and  length,  main..  8"      x  4JV 
Length  of  driving-springs,  measured  from  center  to  center 

oOiangere 32' 

Description  of  boiler Wagon  top. 

Inside  diameter  of  smallest  boiler  ring' 50' 

Outside       ••       sheet 51" 

Driving-wheel  base 14'  1"^" 

Height  from  rail  ti  top  of  stack IT  4* 

Material  of  barrel  of  boiler Otis  steel. 

Thickness  of  plates  in  barrel  of  boiler Ty 

Kind  of  horizontal  seams  •' ^^.k™?? 

1    lap  with  welt. 

•'      "  circumferential  seams -J  D ,|aJpb^([iTeted 
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Material  of  tubes Iron. 

Number  of  tubes 208 


8- 

m* 

9V 
124- 
128" 

32" 

48" 
BO- 
3J£" 


Diameter  of  tubes,  outside. 

Distance  between  center  of  tubes 

Length  of  tubes  over  tube  plates ....11' 

"        "  fire-bos,  bottom 

"        *'        M        top 

Width    "       "       bottom 

14        "       "       top 

Depth    "       "       back  end  

"         "        "        front  end 

Water  space,  side  of  fire-box 

"  "      back  of  fire-box 

"  "      front  of  fire-box 

Material  of  outside  shell  of  9re-box Otis  steel. 

Thickness  of  plates  of  outside  shell  of  fire-box /B" 

Material  of  inside  fire-box Otis  steel. 

Thickness  of  plates  inside  of  fire-box  %"  sides. 

"      back  end  of  fire-box TV 

11  "l    crown-plate ...  %" 

Material  of  tube-plates  Otissteel. 

Thickness  of  front  tube-plates %" 

"  "  back  tube-plates A" 

How  crown-plate  is  stayed |  "crown  tars. '  ° 

Diameter  of  dome 27J4"  inside. 

Height  of  dome 25"" 

Maximum  working  pressure  per  sq.  in ...145 

1  Water  grate  of 

Kind  of  grate  1    2"  tubing,  ex- 

'  I     tra  heavy. 
Widtli  of  liars  (or  diameter  of  tubes  of  water  grates)  out. .  .2" 

"       "    "      "  "        "       "     "       "       •'      inside  1J£" 

"        "  opening  between  bars  (or  tubes) 1" 

Orate  surface ; 27)4  sq.  ft. 

Heating  surface  in  fire-box • 129       " 

"  "       of  the  inside  of  tubes 190       " 

Total  heating  surface 319       " 

Kind  of  blast  nozzle,  single  or  double  Double. 

Diameter  of  blast  nozzle 2%" 

Smallest  inside  diameter  of  chimney 16" 

Height  from  top  of  rails  to  top  of  chimney  13'    7" 

"  "      '*    "      "    "  center  of  boiler  6'    8" 

Weight  of  tender  empty 35,700  lbs. 

Nimiher  of  wheels  under  tender 8 

Diameter  of  tender-wheels. 30" 

Size  of  journals  of  tender  axles,  diameter  and  length 3%'  x  7" 

Total  wheel-base  of  tender     12'  11^" 

Distance  from  center  to  center  of  truck  wheels  of  tender..  3'    10^" 

"  "       "       "       "      "  tender  truck 9'    l" 

Water  capacity  of  tank  (in  gallons  of  231  cu.  in.) 3,300  galls. 

Coal  capacity  of  tender  or  iuel-bin 5j^  tons. 

Total  wheel-base  of  engine  and  tender 45'    3" 

"      length  of  engine  and  tender  over  all 55' 

Thickness  of  frames 4" 

Width  over  frames < 4'    ^%" 

Length  of  parallel  rod,  center  to  center,  front 90" 

'       "       "       back 913J" 

Throw  of  eccentric 5" 

Radius  of  links... * 50^" 


THE    RECIPROCATING   PARTS   OF   A   LOCOMO 
TIVE. 


By   F.   J.   Cole,    Mechanical   Engineer,    Baltimore  & 
Ohio  Railroad. 


( Continued  from  page  204.) 


The  influence  of  the  weight  and  velocity  of  the  reciprocat- 
ing parts  in  a  high-speed  engine  has  much  to  do  witli  its 
steadiness  of  motion.  The  uneven  force  exerted  on  the  crank- 
pin,  caused  by  cutting  off  steam  at  high  pressure  early  in  the 
stroke,  is  largely  corrected  and  made  uniform  by  the  accelera- 
tion required  at  the  commencement  of  and  retardation  at  the 
latter  part  of  the  stroke. 

The  subject  can  be  best  considered  by  plotting  the  curves 
of  variation  of  tractive  force  upon  the  same  diagram,  on  which 
the  curves  of  fluctuation  in  weights  borne  by  the  driving- 
wheels,  caused  by  the  vertical  influence  of  the  counterweight, 
are  shown. 

In  considering  this  subject  it  is  first  necessary  to  consider 
the  relation  that  the  movement  of  the  piston  bears  to  the  cir- 
cumferential velocity  of  the  crank.  Twice  in  one  revolution 
the  piston  comes  to  a  state  of  rest,  on  passing  a  dead  center, 
and  equals,  about  the  middle  of  the  stroke,  the  velocity  of  the 
crank,  which  it  is  assumed  is  revolving  with  a  uniform  mo- 
tion. During  the  first  part  of  the  stroke  the  piston  acquires 
an  accelerated  velocity,  until  it  reaches  the  middle,  when  it 
moves  at  the  same  speed  as  the  crank,  and  then  gradually 
diminishes  until  the  dead  center  is  reached,  after  a  movement  of 
180°. 

"  In  order  to  produce  the  acceleration,  pressure  must  be  ap- 
plied during  the  first  half  of  the  stroke,  and  the  necessity  of 
bringing  the  reciprocating  parts  to  a  state  of  rest  causes  the 
same  amount  of  pressure  to  reappear  during  the  second  half 
of  the  stroke  in  corresponding  ratios  upon  the  crank-pin."  * 
,-The  pressure  required  to  accelerate  the  reciprocating  parts 


•  Ar;hur  Bii 


1  Treatise  on  the  Steam  Engine.1 


equals,  when  the  crank  is  on  the  dead  center,  the  entire  cen- 
trifugal force,  and  gradually  diminishes  until  at  the  middle  of 
the  stroke  it  becomes  zero,  being  a  minus  quantity  to  be  de- 
ducted from  the  force  applied  by  the  steam  to  the  piston. 

Lr 


M 

r,&   l  i 

During  the  remainder  of  the  stroke,  owing  to  the  retarda- 
tion of  piston  speed,  the  same  force  is  gradually  given  out 
until  it  equals  again  at  dead  center  the  centrifugal  force,  being 
it  plus  quantity  to  be  added  to  the  steam  pressure. 

If  the  force  required  for  acceleration  be  calculated  for  the 
different  crank  angles,  assuming  the  connecting-rod  to  be  of 
infinite  length  and  the  pressures  marked  off  on  vertical  lines 
corresponding  to  the  different  positions  of  crank,  it  will  be 
found  by  joining  all  these  points  that  a  straight  line  is  pro- 
duced. 
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Fig.   12. 

Make  the  line  A  B,  fig.  11,  equal  the  piston  stroke,  and 
C  D  E  the  path  of  the  crank,  s  t  u  v,  etc.,  the  crank  angles. 
With  the  same  scale  as  the  indicator  diagram  make  F equal, 
at  the  commencement  of  the  stroke,  to  the  entire  centrifugal 
force  of  the  reciprocating  parts,  divided  by  the  area  of  the  pis- 
Cent.  F 

ton .     L,  the  middle  of  stroke,  where  the  speed  of 

area  piston 
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piston  equals  the  circumferential  velocity  of  crank  (no  force 
is  absorbed  or  given  out),  is  located  at  the  intersection  of  .1  B 
aud  L  D. 

y  B  equals  A  F,  for  the  reason  that  the  force  absorbed  at 
the  commencement  of  stroke  at  A  .P"  exactly  reappears  again 
on  bringing  the  piston,  etc.,  to  a  state  of  rest. 

The  positions  for  the  intermediate  crank  angles  can  be  found 
by  multiplying  the  entire  centrifugal  force  divided  by  the  area 


Fit  I  3 

lof  piston  by  the  cmine  of  the  crank  angle.     Joining  Fg  h  i  J  K, 
letc,  the  straight  line  F X'\s  produced,  giving  at  any  position 

I  of  piston  the  amount  measured  from  the  line  A  B  to  be  sub- 
tracted or  added  to  the  steam  pressure  on  piston.  Or  if  CO 
equals,  by  any  convenient  scale,  the  acceleration  required  at 
the  commencement  of  the  stroke,  the  horizontal  distance  be- 

Itween  any  of  the  vertical  lines,  g  h  i  J  K,  and  the  center  line  0 
will  equal  the  force  required  for  acceleration  at  that  position 
of  crank. 

.  It  is,  therefore,  only  necessary,  in  calculating  the  amount  of 
'acceleration  required  with  a  rod'  of  infinite  length,  to  make  the 
positions  FivaA  N  equal  to  the  entire  acceleration  required, 
Jand  joining  the  same  by  a  straight,  diagonal  line  to  obtain  the 


Fig.   14. 

amount  required  at  any  position  of  the  stroke.  In  practice, 
however,  as  the  disturbing  influence  caused  by  a  connecting- 
rod  of  finite  length  must  be  considered,  the  vertical  straight 
line  D  0,  fig.  11,  becomes  a  curved  line,  varying  according  to 
the  ratio  existing  between  the  length  of  the  rod  and  the  crank. 
",_Make  the  radius  E,  fig.  12,  equal  on  the  same  scale  as  the 
indicator  diagram,  the  acceleration  required  at  the  commence- 
ment of  the  stroke,  and  divide  by  the  vertical  lines  into  10  equal 
spaces,  the  two  end  spaces  in  each  side  being  subdivided. 
Join  these  perpendicular  by  horizontal  lines,  where  they  inter- 
sect the  circumference  at  the  points  ce  c  and  i  b  b.  Make  F 
at  the  center  line  and  the  top  and  bottom  of  circle  equal  the 
total  acceleration  required  divided  by  the  ratio  of  main  rod  to 
crank.     Find  a  radius  that  will  intersect  the  three  points  thus 


found,  aud  use  it,  instead  of  the  straight  line  D  0,  fig.  11, 
from  which  to  measure  the  ordinates. 

The  force  required  for  reciprocation  at  any  point  of  the 
stroke  can  be  accurately  determined,  and  the  disturbing  influ- 
ence caused  by  a  main'rod  of  some  given  length,  by  the  con- 
struction of  a  diagram  similar  to  fig.  1:5.  The  ordinates  just 
found  in  fig.  12  are  measured  off  and  plotted  on  correspond- 
ing vertical  lines  in  fig.  13.  These  points  when  joined  will 
produce  parabolas  A  B  and  CD. 

Having  considered  the  manner  of  constructing  the  diagrams 
representing  the  force  absorbed  or  given  out  at  different  points 
of  the  stroke,  it  will  be  necessary  now  to  show  their  relation 
to  the  indicator  diagram,  under  different  conditions,  weight 


Fig,  15 

of  reciprocating  parts,  and  speed.£  Fig.  14  shows  an  indicator 
diagram  taken  from  the  same  class  of  engine  previously  used 
its  illustrating  the  vertical  effect  of  counterbalance  on  the 
track.  Speed,  60  miles  per  hour  ;  boiler  pressure,  160  lbs.; 
cut-off,  8  in.,  or  one-third  of  stroke  ;  length  of  main  rod,  85-j'j  in. 
The  upper  dotted  lines  represent  the  uncorrected  card  as  it 
leaves  the  indicator.  Weight  of  reciprocating  parts,  589  lbs., 
which  are  the  actual  weights  now  in  service  on  the  engine. 

In  order  to  obtain  a  clear  understanding  of  the  diagram,  it 
is  first  necessary  to  imagine  the  indicator  card  as  it  really  ex- 
ists and  not  as  it  is  usually  shown,  in  which  each  card  for 
front  or  back  ends  of  cylinder  represents  the  varying  pressure 
for  that  end  and  not  the  actual  thrust  on  the  piston,  which  is 
the  steam  line  of  one  end,  combined  with  the  exhaust  and  back 
pressure  of  the  other,  as  shown  in  fig.  15.     A  diagram  of  this 


1NOICATOH    OUC«UMS  BASfD  ON  ACTUAL    CAKClS 

TAA6N    AT  .'**»«£    PiS^ON     SPltO 

SPEED.  6C1M.LC  k(f,   MOuft     CUTOFF  AT3STROKE 


Fig.   16. 

kind  shows  at  a  glance  the  foice  exerted  on  the  piston  and  the 
opposing  force  acting  against  it,  at  what  point  they  equalize 
each  other,  and  the  exact  relation  that  one  bears  to  the  other. 
In  fig.  14  the  curved  line  A  B  represents  the  influence  of  the 
reciprocating  parts  and  angularity  of  main  rod  for  the  for- 
ward stroke,  and  G  D  correspondingly  for  the  back  stroke, 
recommencing  with  the  forward  stroke  indicator  card,  the 
distance  which  the  curved  line  A  B  is  above  or  below  the  hori- 
zontal line  E  F  (representing  the  initial  pressure)  must  be 
tnkcn  from  or  added  to  the  indicator  diagram  measured  on 
the  vertical  lines.  The  irregular  curved  line  hj  k  is  thus  pro- 
duced, representing  the  actual  force  exerted  on  the  crank-pin. 
The  opposing  force  or  back  pressure  on  the  other  side  of  the 
piston  is  represented  by  the  curved  line  I  m  n  o.    The  effec- 
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tive  pressure,  then,  for  any  position  of  stroke  would  be  the 
distance  measured  on  any  vertical  line  bounded  by  these  curved 
Hues,  and  shown  in  diagram  by  cross-hatching. 

It  will  be  observed  that  the  small  triangular  space  I  in  k  rep- 
resents back  pressure  or  minus  quantities. 

The  card  for  back  stroke  is  corrected  in  a  similar  manner, 
commencing  at  I),  the  steam  pressure  being  represented  by 
the  line  D  p  r.  The  triangular  space  D  Q  I  being  deduced 
from  the  steam  card,  and  EGG  being  the  space  above  the 
horizontal  line,  added  to  the  card.  The  back  pressure  on  the 
back  stroke  is  shown  by  the  irregular  curved  line  E  s  t  u  v. 
The  small  triangle  E  s  r  represents  the  back  pressure  or  minus 
quantity.  The  most  noticeable  feature  about  this  diagram, 
fig.  14,  is  that  the  correction  for  the  acceleration  or  retarda- 
tion of  the  reciprocating  parts  exactly  reverses  the  conditions 
shown  by  the  primary  indicator  card.  The  pressure  on  crank- 
pin  is  much  less  at  the  commencement  of  the  stroke  than  at 
the  completion,  showing  clearly  that  the  weights  of  piston, 
etc.,  viewed  entirely  from  a  stationary  engine  standpoint,  and 
without  reference  to  any  injurious  effect  on  the  track,  are  too 
heavy  for  the  speed,  steam  pressure,  etc. ;  also  that  the  smooth 
running  of  the  engine  at  this  velocity  would  be  improved  by 
their  reduction  in  weight.  Fig.  16  represents  the  effect  of  the 
reciprocating  parts  weighing  420  lbs.,  constructed  as  previ- 
ously shown  in  figs.  4,  5,  6  and  7,  all  other  conditions  being 
similar  to  fig.  14.  This  shows  almost  the  same  pressure  on 
the  crank-pin  at  the  commencement  and  completion  of  the 
strol^,  and  represents  very  nearly  the  most  suitable  weight 
at  this  speed  for  correcting  the  irregular  steam  pressure,  and 
modifying  it  so  that  an  almost  uniform  pressure  on  the  crank- 
pin  is  produced. 

Turning  again  to  the  curves  of  tractive  force  plotted  out  at 
the  bottom  of  fig.  3,  the  effect  of  the  light  and  heavy  recipro- 
cating parts,  and  the  relation  existing  between  the  vertical 


if  the  point  is  stopped  successively  at  the  intersection  of  the 
radial  and  circumferential  lines,  the  exact  position  of  the  pis- 
ton for  each  5°  of  crank  movement  will  be  accurately  located 
on  the  horizontal  line  B  G.  The  varying  turning  moments, 
due  to  the  angularity  of  the  rod,  and  the  different  positions  of 
the  crank,  are  obtained  by  calculating  the  ratio  existing  be- 
tween the  radius  of  the  crank  and  the  vertical  height  of  the 
lines  representing  the  center  of  the  main  rod  for  the  forward 
stroke,  where  they  intersect  the  vertical  line  D  E.  For  the 
back  stroke,  the  lines  representing  the  center  of  the  main  rod 
must  be  prolonged  until  they  intersect  the  vertical  line  D  E. 

If  the  length  of  the  crank  is  divided  into  a  thousand  parts, 
the  vertical  height,  measured  from  the  horizontal  line  B  0  by 
the  scale,  will  equal  the  coefficient  marked  on  the  radial  lines 
outside  the  periphery  of  the  circle. 

The  tractive  force,  then,  for  one  side  at^each  5°  can  be  ob- 
tained as  follows  : 


INDICATOR  DIAGRAMS  BASED  ON  ACTUAL 
CARDS  TAKEN  AT  SAME  PISTON  SPEED 


effect  on  track  of  same,  is  clearly  shown.  The  effect  of  the 
heavy  parts  (589  lbs  )  is  shown  in  full  lines,  the  right  and  left 
sides  separately  in  lighter,  and  the  combined  effect  of  both 
sides  in  heavier  lines,  while  the  curves  of  the  light  parts 
(420  lbs.)  are  shown  in  the  dotted  lines.  The  manner  of  plot- 
ting these  curves  is  as  follows  :  The  turning  moments  on 
crank  circle  for  each  5°  of  crauk  angle  are  obtained  by  con- 
structing a  diagram,  fig.  17,  and  calculating  therefrom  the  co- 
efficient for  each  angle. 

Take  any  convenient  scale  and  make  A  equal  to  the  length 
of  crank,  B  G  the  horizontal  center  line  prolonged  sufficiently 
to  the  right  to  take  in  the  length  of  the  main  rod,  and  I)  E  the 
vertical  center  line  ;  divide" the  two  diagonal  quarters  by 
radial  lines  5°  apart.  Then,  with  an  opening  of  dividers  equal- 
ing the  length  of  the  main  rod  from  center  to  center  (SSj'jj  in.), 


B  =  radius  of  wheel  ; 

L  =       "       "  crank  ; 

0  =  coefficient  for  each  5°  of  crank  angle  ; 

E  =  effective  pressure  from  diagram  at  each  5" 

T  =  tractive  force  for  one  side  at  each  5°  ; 

CX  £  X  E     CX12XS      CxE 


T  = 


R 


30 


2.5 


These  curves  are  located  for  each  side  and  combined  in  a  sim- 
ilar manner  to  the  curves  for  vertical  effect. 

The  fluctuations  in  the  tractive  force  can  be  best  shown  by 
digressing  for  a  few  moments,  and  considering  only  the  trac- 
tive force  at  starting  and  at  slow  speeds  without  reference  to 
the  reciprocating  parts. 
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An  indicator  card  for  the  same  class  of  engine  speed,  start 
to  5  miles  per  hour  with  a  cut-off  of  2H  in.  (full  gear),  is 
shown  in  fig.  IS,  with  corresponding  curves  shown  in  fig.  19. 
This  gives  a  mean  tractive  force  of  18.315  lbs. — minimum, 
14,250  lbs.,  and  maximum,  22,750  lbs.;  the  lattei  equaling 
31  per  cent,  of  the  total  weight  on  the  drivers,  and  the  mean 


obtainable  from  an  engine  of  the  same  dimensions  in  ordinary 
mixed  service — speed,  30  miles  per  hour  ;  cutoff.  8  in.  (one- 
third  stroke).  Fig.  35  ghTes  the  curves  for  tractive  force — 
maximum,  11,700  lbs.:  minimum,  7,400  lbs.;  mean.  0,580  lbs. 
— showing  an  increase  on  the  mean  effect  of  1,730  lbs.,  or  23.8 
per  cent. 
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equaling  25.3  per  cent,  of  the  same.  Taking  the  mean  effec- 
tive pressure  at  140.8  lbs.,  as  shown  on  the  diagram,  and  cal- 
culating the  tractive  force  by  the  usual  formula, 

V  X  L  x  140.8 

=  18,247  lbs. 

W 

Or,  taking  85  per  cent,  of  the  boiler  pressure, 

IP  X  L  X  .85  (160) 

=  17,625  lbs. 

W 

Fig.  19  shows  graphically  the  reason  it  is  not  desirable  to 
increase  the  mean  tractive  force  above  about  25  per  cent,  of 
the  total  weight,  except,  perhaps,  in  some  exceptional  cases, 
such  as  engines  working  exclusively  on  steep  grades,  where 
it  is  often  necessary  to  start  a  heavy  train  with  the  cranks  in 
any  position,  the  most  difficult  being  when  one  is  on  the  dead 
center. 

Fig.  20  is  a  card  at  25  miles  an  hour,  cut-off  at  one-half 
stroke,  mean  effective  pressure  93  lbs.  The  tractive  force  of 
this  card  is  plotted  in  tig.  21— maximum,  14,700  ;  minimum 
10,500  ;  mean,  11,926.  Except  in  the  position  from  35"  to  in 
on  the  forward  stroke,  the  tractive  force  is  remarkably  uni- 
form, the  fluctuations  not  exceeding  2,000  lbs.  The  speed  at 
35  miles  per  hour,  given  in  lis.  22— cut-off,  8  in.  (one-third 
stroke)  ;  mean  effective  pressure,  57.6  lbs.  This  diagram  is 
corrected  for  the  influence  of  reciprocating  parts.  The  corre- 
sponding tractive  force  is  given  in  fig.  2:3— maximum  10  250 
lbs.;  minimum,  5,500  lbs.;  mean,  7,350  lbs.  The  tractive 
force,  based  on  the  primary  card,  is  shown  on  doited  lines 
and  the  corrected  card  in  full  lines.  These  three  cards,  figs! 
18,  20,  22,  are  based  on  actual  indicator  diagrams  taken  at  the 
same  speed.  It  will  be  interesting  at  this  point  to  compare 
the  last  one  with  a  corrected,  made-up  diagram,  tig.  24,  rep- 
resenting the  maximum,  mean,  effective  pressure  considered 


The  great  gain  in  this  is  at  once  apparent,  although  the 
limiting  efficiency  of  a  freight  engine  is  usually  by  its  failure 
to  surmount  some  difficult  place  on  the  road,  where  the  grade 
is  a  little  steeper,  longer,  or  the  curves  sharper  than  the  nor- 
mal conditions. 


SPSED  30  M/LES   PER  HOUR 


>T3     7063     60    33    30*33033  10     70© 
COmiCTEQ    OlAdRAM    REPRESEHTlNG    THE  MAXIMUM 
MEAN    EFFECTIVE    PRESSURE    OBTAINABLE    FROM 
ENGINE  OF  THESE  DIMENSIONS  INORDINARY  MIXED  SERVICt 

Fig.  24. 

The  speed  would  be  much  slower,  no  doubt,  on  these  con- 
ditions. This,  however,  serves  as  an  illustration  of  the  im- 
provement which  can  often  be  effected  by  the  reduction  of 
back  pressure,  higher  initial  pressure,  etc. 

Among  the  superior  attributes  of  the  future  motive  power 
—the  electric  locomotive— will,  no  doubt,  be  its  uniform  turn- 
ing moment.  The  tractive  force  drawn  in  the  same  manner 
would  be  a  straight,  horizontal  line,  which  could  be  raised  at 
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pleasure  in  parallel  Hues  from  zero  to  the  maximum,  allowing 
the  total  adhesion  to  be  utilized. 

Some  interesting  but  impossible  indicator  diagrams  can  be 
made  by  reversing  the  process  and  drawing  the  line  of  tractive 
force  straighter  than  it  actually  appears,  filling  in  the  low 
places  and  cutting  down  the  high  points  in  the  attempt  to 
make  it  more  uniform.  Such  efforts,  while  they  are  instruc- 
tive aud  useful  at  some  speeds,  must  necessarily  be  extremely 
limited  where  most  needed— that  is,  for  cards  taken  at  the 
start  to  3  or  4  miles  per  hour. 

The  conclusions  reached  by  the  writer  are  :  First,  that  the 


directly  as  the  square  of  the  number  of  revolutions  per  min- 
ute, the  effect  is  very  marked. 

At  70  miles  per  hour  the  number  of  revolutions  per  minute, 
with  68  in.  drivers,  is  346,  346s  =  119.716 

"    78  "         "        "  301,  301*  =    90.601 


29,115, 


the  reduction  in  centrifugal  force  being  24.3  per  cent.,  effect- 
ing at  the  same  time  a  much  better  distribution  of  steam  and 
greatly  reducing  the  wear  and  tear  of  machinery. 
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most  profitable  course  to  pursue  to  reduce  the  vertical  effect 
of  counterbalance  is  to  lighten  the  reciprocating  parts,  con- 
sidering carefully  the  strains  to  which  they  are  subjected,  and 
paring  down  the  unnecessary  weights  to  a  minimum  wherever 
possible  ;  25  per  cent,  can  be  removed  without  unduly  weak- 
ening the  parts,  and  in  many  cases  a  much  greater  improve- 
ment can  be  effected. 

Second,  for  high-speed  engines  decrease  the  piston  speed, 
and  consequently  the  revolutions  per  minute,  by  increasing 
the  diameter  of  the  drivers  ;  as  the  centrifugal  force  increases 


A  NEW  FOG-SIGNALING  APPARATUS. 


Though  the  public,  in  the  extraordinary  change  of  climate 
which  has  come  over  England  in  the  last  12  months,  may  have 
almost  forgotten  the  meaning  of  the  words  "  London  fog," 
the  matter  is  not  likely  to  pass  from  the  mind  of  the  railway 
manager.  Year  by  year  as  railway  traffic  gets  denser  and 
railway  lines  are  more  crowded,  the  delays  and  expense  caused 
by  a  serious  fog  become  more  intolerable.  Xor  is  this  the  only 
reason  why  the  old-fashioned  detonator  fastened  to  the  rail 
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with  a  wire  clip  by  human  agency  is  constantly  felt  to  be 
more  inadequate  for  its  purpose.  A  fog-man  must  not  only 
be  a  trained  railway  man,  but  also  must  be  familiar  with  the 
exact  spot  at  which  he  is  called  to  work.  With  the  new  ideas 
that  have  grown  up  on  the  subject  of  permissible  length  of 
hours  of  labor,  the  supply  of  such  men  is  likely  to  fall  short. 
The  risk,  moreover,  of  the  occupation  is  inevitably  great,  and 
risks  of  this  kind  are  less  submissively  borne  than  was  the 
case  a  few  years  back.  For  all  these  reasons,  a  satisfactory 
mechanical  system  to  replace  manual  labor  entirely  is  likely 
to  meet  with  a  cordial  welcome.  Before,  however,  any  sys- 
tem can  be  accepted  as  satisfactory,  it  will,  undoubtedly,  have 
to  run  the  gauntlet  of  a  great  deal  of  keen  professional  criti- 
cism, and  to  survive  the  ordeal  of  long  and  severe  tests  in 
every-day  use.  Meanwhile,  a  very  interesting  and  in  several 
respects  novel  mechanism  has  been  experimentally  fitted  up  a 
few  miles  out  of  London  on  the  new  Tottenham  &  Forest-gate 
Line,  where  it  has  been  examined  with  interest  by  a  number 
of  practical  railway  men.  Seeing  that  patents  for  fog-signal- 
ing apparatus  have  fallen  for  years  past  almost  as  thick  as  the 
leaves  in  Vallombrosa,  and  that  the  bulk  of  them  have  been 
wholly  unworkable  in  practice,  whatever  might  be  their  theo- 
retic advantages,  it  is  well  for  the  new  apparatus  that  its  pat- 
entees are  not  amateurs,  but  engineers  by  profession.  They 
are  Mr.  George  Abernethy,  the  son  of  the  famous  engineer, 
and  Mr.  Timmis,  the  maker  of  the  first  automatic  signals  ever 
introduced  in  England,  which  have  now  been  working  with 
entire  success  for~  months  past  on  the  Liverpool  Overhead 
Railway. 

In  brief  outline  the  system  consists  of  a  wire  circuit  passing 
down  the  signal-post  and  along  the  line  to  the  signal-cabin, 
then  back  to  a  point  opposite  the  signal,  where  it  is  attached 
to  a  contact-bar  laid  on  the  ground  between  the  rails.  With 
this  bar  connection'  is  made  as  each  train  passes  by  a  wire 
brush  fixed  on  the  front  of  the  locomotive,  and  the  circuit  is 
completed  by  the  current  passing  out  through  the  wheels  of 
the  locomotive  and  so  along  the  rails  to  the  point  of  origin. 
Both  on  the  engine  and  in  the  signal-cabin  the  current  is  led 
through  an  instrument,  looking  much  like  an  ordinary  block- 
signal  instrument,  with  a  polarized  needle,  so  that  as  long  as 
the  circuit  is  open  the  needle  hangs  straight  up  and  down  ; 
but  when  the  circuit  is  closed  by  the  brush  on  the  locomotive 
coming  in  contact  with  the  bar  fixed  between  the  rails,  the 
needle  is  deflected  to  the  one  side,  giving  "  line  clear,"  if  the 
position  of  the  signal  causes  the  current  to  flow  in  the  positive 
direction,  to  the  other  side,  showing  "  danger,"  if  the  signal 
arm  is  up  and  the  current  is  accordingly  a  negative  one. 
Further,  the  indicator  on  the  engine  is  supplemented  by  an 
audible  signal,  and  according  as  the  current  comes  from  a 
signal  that  is  "  off"  or  "  on,"  it  either  rings  a  shrill  chattering 
bell  or  strikes  a  deep-sounding  gong.  The  engine-driver, 
therefore,  has  no  need  to  watch  his  indicator,  and  might  know 
whether  the  line  was  clear  even  though  he  were  out  on  the 
running  board  with  his  head  under  the  boiler  while  he  was 
oiling  the  motion.  If  it  is  thought  necessary,  it  would  be  easy 
to  fitup  similar  audible  signals  in  the  signalman's  cabin  also. 
A  further  requirement  is  met  by  this  new  patent.  Conflicts 
frequently  arise  on  the  occasion  of  an  accident  between  drivers 
and  signalmen  as  to  who  was  responsible  —whether  it  was  the 
drivel  who  passed  a  signal  of  danger,  or  the  signalman  who 
left  it  "off"  when  it  ought  to  have  been  "on."  Messrs. 
Abernethy  and  Timmis  are  prepared  to  attach  to  the  signals 
an  automatic  recorder  which,  working  with  a  train  of  wheels 
something  after  the  fashion  of  an  ordinary  gas  meter,  shall 
keep  count  both  for  driver  and  for  signalman,  in  the  one  case 
of  every  signal  the  engine  has  passed,  in  the  other  case  of 
every  train  which  has  passed  the  signal. 

9  Such  is,  very  briefly,  the  new  apparatus.  Whether  it  will 
come  into  practical  use  it  is.  of  course,  impossible  for  any  one 
to  say,  for  though  the  apparatus  is  far  from  costly,  requiring 
only,  it  is  said,  an  expenditure  of  something  like  50.*.  per  en- 
gine, it  is  a  serious  matter  to  undertake  a  wholly  new  depar- 
ture where  the  safety  of  the  traveling  public  is  involved. 
But  it  is  possible  at  the  outset  to  find  more  than  one  point 
which  should  be  strongly  in  its  favor.  In  the  first  place,  it 
gives  not  merely  a  negative  but  a  positive  signal.  The  exist- 
ing fog  signals  only  tell  a  man  now  and  then  that  lie  must 
stop  instantaneously.  The  new  system  would  tell  him  each 
time  he  passed  a  signal  showing  "  line  clear"  that  he  might 
proceed  with  safety.  And  the  difference  may,  at  times,  be 
of  vital  importance,  for  accidents  have  happened  before  now 
through  drivers  losing  their  bearings  entirely,  and  Buddenly 
finding  themselves  some  miles  further  :di>n_'  the  line  than  they 
had  supposed.  Then,  again,  the  indicators,  both  in  the  siir 
nalcabin  and  on  the  engine,  being  on  the  same  circuit,  it  is 
impossible  for  them  to  tell  two  contradictory  talcs  at  the  same 
moment.     Xot  only  does  the  driver  know  where  the  signal  is, 


but  the  signalman  knows  it  too,  and  the  driver  knows  that 
the  signalman  knows  it.  With  these  great  advantages  in  its 
favor  at  the  outset,  we  shall  probably  hear  more  before  long 
of  Messrs.  Abernethy  and  Timmis's"  fog-signaling  patent.— 
Lon <hin  Times. 


DIMENSIONS  OF  CAST  IRON  PULLEYS  (DOUBLE 
ARMS) 


BltEADTH  FKOM  11   IN.  TO  11   IN. 


^ 

i 

UK 

'* 

b 

i 

I 

1  »* 
i    2 

i  A 

r  -i      r 

?* 

i 

t- 

i 

JB 

_ 

vV 

fcni 

^■^a 

X 


D. 

No.  of 
Arms. 

a 

0, 

b 

*■ 

8 

«i 

8  to  la 

12}    "   15J 
lf>i    '•   19J. 
20     "  23*    ,    . 

24     "  27} 

28     "  31 > 

36     "  39| 

40     "  43! 
433    "    471.... 
471    ■•   51     .... 

2x4 
2X4 
2X1 
2xfi 
2X6 
2X6 
2X6 
2X6 
2X6 
2X6 
2X6 
2X6 

H 
if 
ill 

m 

id 

I33 

is 

1A 

IS 

13 

l« 

l? 

i« 

2 
21 

2J3 

m 

1 

1 
1 

1 
1 

1* 

U-, 
1* 
1ft 

H 

n 
i| 

\t 

HI 

a, 

Jul 

m 

ft 
I 

H 

I 
I? 

7 
H 

if 
,« 

a! 

1 

n 

l 

n 

it 

a 
il 

13 
ft 
11 

B 

V, 
H 

ft 

H 

A? 

IE 

>« 

i 

1 

i 
| 

li 

If 
« 

» 

1 

B 

in 

ft 

u 

H 

ft 

ft 

B 

H 

■ 
9 
£ 

554    -61.. 
61  i   "   67    ... 

6H  "  72J 

67$  "  723 

7J|    "    7SJ 

723   "   78J.... 

2X6 
2X6 
2X6 
2X8 
2X6 
2X8 

Ii 

H 

n 
ii 

d        D  d         D 

W  =  -  + h  3  to  -  + 1- 15 

6        100  6        100 

r  =  0.80  a  =  radios  of  elliptical  arm. 


BllEADTH   FROM   14}  "IN.   TO  20  IN. 


8  to  12. 


12} 
16} 

20 
24 

28 

32 

36 

40 

433 

47J 

51} 

61} 
67J 
67} 
79i 


153. 
19! . 

23J. 
27} 
31} 
35} 
391 
43} 

■>■; 

51. 

55 

61. 

67. 

7*| 

72J 


No.  of 

Arms. 


2X4 
2X4 
2X4 
2X6 
2x6 
2X6 
2X6 
2X6 
2X6 

I  2X6 
2X6 
2X6 

I  2X6 
2X6 
2X6 

,  2X8 
2X6 
2X8 


a 

«l 

Hi 

1ft 

H 

U 

* 

13 

i} 

lil 

1H 

m 

ii 

ii 

■2: 

m 

1H 

1J 

113 

Hi 

15 

m 

Hi 

.1!    . 

«a 

- 

- 

2] 

21 

Hi 

i 

n 
v, 

i* 

i 

1A 

a 

if 
f 


n 

i! 

! 

if 

i 
■• 
1 
i 


ii 
1? 
13 


8 

1= 
5! 

.-i 

ii 

li 

55 
13 


» 
12 
12 

15 
15 

ii 
ii 

i5S 

i 

i 

ift 

ift 

ift 


,/        D  <l         D 

=  -  +  —  +  .*to-  +  —  +  1! 

6        100  6        100 

=  0.80  a  =  radius  of  elliptical  arm. 

—Mechanical  World. 


Vol.  LXVIII,  No.  6.] 


AND    RAILROAD    JOURNAL. 


257 


THE  VIBRATIONS  OF  STEAMERS. 


Further  Investigations  of  the  Vibrations  of  Steamers.* 


By  Herr  Otto  Schlick. 


The  paper  which  I  had  the  honor  to  lay  before  you  at  the 
last  year's  meeting  of  the  Institution  of  ifaval  Architects  ap- 
pears to  have  been  sufficiently  interesting  to  the  members  to 
encourage  me  to  communicate  to  you  now  the  results  of  my 
further  investigations  on  the  same  subject. 

It  is  no  doubt  very  desirable  to  have  a  reliable  formula  for 
determining  with  some  degree  of  accuracy  the  number  of  revo- 
lutions which  the  engines  of  a  steamer  should  make  in  order 
to  avoid  altogether,  or  at  least  reduce  to  a  minimum,  the  vio- 
lence of  the  vibration  inherent  in  ships  themselves,  and  in  the 
distribution  of  the  weights  in  them.  Such  a  formula  I  had 
already  worked  out  sime  time  ago.  but  before  publishing  it 
I  took  care  to  test  and  correct  the  coefficients  occurring  in  the 
formula,  by  applying  it  to  a  number  of  steamers  already  doing 
service. 

This  was  not  an  easy  task  for  me.  as  I  had  not  the  oppor- 
tunity of  ascertaining,  with  accuracv,  the  critical  number  of 
revolutions  of  the  engines  above  referred  to,  excepting  in  the 
case  of  a  very  limited  number  of  steamers  iu  the  merchant  ser- 
vice. Many  vessels  vibrate  violently  when  running  under 
steam,  but  in  most  cases  the  revolutions  of  the  engines  cannot 
be  increased  to  the  number  necessary  to  bring  about  a  decrease 
of  the  vibrations  ;  so  that  this  critical  number  of  revolutions 
can  ordinarily  not  be  ascertained. 

Tte  mathematical  formula  for  the  period  of  %'ibration  of  an 
elastic  rod  or  girder  is  very  complicated,  but  in  the  case  of  a 
ship's  hull  its  compilation  is  comparatively  simple.  Let  an 
imaginary  weightless  elastic  rod  be  firmly  secured  at  one  end, 
while  at  the  other  end  let  the  mass  .V  be  attached  and  the 
f  jrce  Q  applied.  The  latter  will  bend  the  rod  and  move  the 
ma«s  M  through  a  distance  A  from  its  original  position,  to 
which  M  will  return  with  a  certain  acceleration,  when  the 
force  Q  is  withdrawn. 

If  the  acceleration  at  the  distance  1  from  the  horizontal  posi- 
tion of  the  rod  is  called  q,  then  the  time  of  oscillation  of  the 
rod  will  be  found  by  the  well-known  formula 

W 

If,  now,  the  force  K  is  applied  to  the  fiee  end  of  the  rod, 
and  the  distance  through  which  il  is  moved  downward  by 
this  force  is  equal  to  X-  then 

'K       X   \ 

1 

'Q  ~  *' 

that  is,  the  distance  through  which  the  free  end  of  the  rod  is 
moved  by  the  bending  forces  are  proportional  to  these  forces. 

If  the  acceleration  given  to  if  by  the  bending  force  A"  at  a 
distance  x  is  called  p,  then 

--  -  JL 

If  x  is  put  equal  to  1,  then  will  be,?t 

Q 

1  =  — . 

a  signifying  the  distance  through  which  the  rod  is  bent  by  the 

force  Q,  and  —  being  a  constant  quantity,  a,  may  be  put  for  a 

Q    ■ 
in  the  case  of  the  bending  of  the  rod  having  been  caused  by 
the  weight  of  the  mass  M  alone.     We  can,  therefore,  putj 

Q  =  Mr,] 

ff  signifying  the  acceleration  of  gravity.     Therefore  the  |time 
of  oscillation  is 


>Vr 


'(1) 


The  distance  x  through  which  an  elastic  prismatic  rod  is 
bent  by  the  force  K,  the  weight  of  the  rod  being  negh •■ 
may  be  found  by  means  of  the  formula. 


•  Paper  read  before  the  Institution^  Naval  Architects. 


A'.  P 

X  = .  (2) 

3.  E .  T 

I  signifying  the  length  of  the  rod,  E  the  modulus  of  elasticity 
of  the  material,  Tthe  moment  of  inertia  of  the  section  of  the 
rod. 

If.  now.  in  the  formula  (1),  instead  of  X,,  the  value  of  x  from 
the  formula  (2)  is  put,  we  have 

/         KP 

t=   W\/ 

}      Z.E.T.g;  (3) 

The  direct  application  of  this  formula  for  calculating  the 
lime  of  oscil'ation  in  the  case  of  a  ship's  hull  is,  however,  only 
admissible  on  the  supposition  that  the  weight  of  the  ship  is 

concentrated  in  one  point.     Theiefore  — ,  half  the  length  of 

2 
the  ship,  mu-t  not  be  put  at  once  instead  of  I  in  formula  (3). 
It  is,  however,  admissible  to  suppose  that  the  weight  of  half 
the  ship,  the  same  being  divided  by  the  midship  section  into 
two  equal  parts  lengthways,  is  concentrated  in  one  point  at  a 
certain  distance  from  the  midship  section,  and  that  the  time  of 
oscillation  in  this  imaginary  case  be  the  same  as  in  that  of  a 
real  ship,  in  which  the  weights  are  distributed  in  the  usual 
wav  along  the  whole  length. 

L 
This  imaginary  distance  may  be  expressed  by  a  X  —  (a  being 

2 

smaller  than  1),  but  need  not  be  taken  into  consideration  at 
present. 

Upon  this  supposition  the  formula  (3^  may  be  used  at  once 
to  determine  the  time  of  oscillation  for  a  ship. 

If  D  signifies  the  displacement  (weight)  of  a  ship,  then  is 
the  time  of  oscillation  expressed  by  the  formula 

t  =  w  y : 

f         3. E.  T.g 

The  joint  value  of  all  the  factors  in  this  formula  being  put 
equal  to  f ,  we  have 

/zTTZ* 

•=M '— ■ 

From  which  follows,  if  the'number  of  vibrations  of  a  certain 
type  of  ship  per  minute  be  ; 

r6(T 

*:=:-  : 

t  m 

1      D.L> 

If  in  this  formula  D  is  expressed  in  English  tons,  L  in  Eng- 
lish feet,  and,  for  the  calculation  of  the  moment  of  inertia,  the 
sectional  areas  in  English  square  inches,  and  the  distances  of 
the  centers  of  gravity  from  the  neutral  axis  in  English  feet, 
then  the  coefficient  will  be,  for 

Vessels  with  very  fine  lines,  such  as  torpedo-boat 
destroyers 9  =  156850 

Large  transatlantic  passenger  steamers  with  fine 
lines <?  -  143-500 

Cargo  boats,  with  full  lines 9  =  127900 

This  formula  gives  generally  reliable  values,  and  even  alter- 
ations in  the  distribution  of  weights  do  not  materially  influ- 
ence the  result. 

In  order  to  adjust  the  coefficients  to  exceptional  cases,  it  is 
only  necessary  to  bear  in  mind  that  a  removal  of  the  weights 
from  the  ends  and  the  middle  of  a  ship— viz. ,  an  accumulation 
of  the  weights  near  the  nodular  points  of  vibration,  will  in- 
crease the  number  of  vibrations,  and,  tiet  rerga,  that  this  num- 
ber will  decrease  when  the  weights  are  accumulated  near  the 
ends  and  the  middle  of  a  ship. 

It  would,  of  course,  be  more  correct  to  consider  in  the  for- 
mula the  distribution  of  the  weights  in  the  longitudinal  axis 
of  the  hull  ;  but  as  this  would  require  a  very  tedious  calcula- 
tion, which  would,  moreover,  not  always  be  reliable,  and  as 
I  consider  it  particularly  important  to  construct  a  formula 
which  easily  adapts  itself  to  practical  use,  I  have  thought  it 
better  to  employ  only  the  coefficient  9,  which  I  ascertained 
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from  results  obtained  with  reference  to  existing  ships.  After 
more  experience  has  heen  gained,  it  will  he  possible  to  find 
perhaps  more  correct  coefficients  for  the  ordinary  types  of 
steamers  in  which  the  distribution  of  the  weight  is  analogous. 

In  order  to  avoid  vibration  with  perfect  certainty,  the  nor- 
mal number  of  revolutions  must,  as  is  known  from  experience, 
be  at  least  from  10  to  12  per  cent,  less,  or  else  considerably 
greater  than  the  number  of  vibrations.  In  case  the  number  of 
revolutions  should  be  only  inconsiderably  greater,  there  could 
arise  the  possibility  that  even  a  small  diminution  of  the  steam 
pressure,  hardly  always  to  be  avoided  in  practice,  would  im- 
mediately cause  vibrations  of  great  violence. 

A  ship's  vibrations  have  until  now  never  been  closely  exam- 
ined with  regard  to  the  influence  exercised  by  the  position  of 
the  engines  in  the  ship,  and  I  myself  touched  this  subject  ouly 


Fig.i. 


"K 


superficially  in  my  previous  publications.  Although  it  is  com- 
paratively easy  to  find  out  the  consequences  of  shifting  the 
engines  in  a  ship  by  argument,  yet  the  attempt  to  prove  the 
conclusions  arrived  at  by  practical  tests  on  a  steamer  will  re- 
main very  costly  and  dillicult.  I  therefore  had  recourse  to  a 
model  to  show  the  results  caused  by  shifting  the  engines  of  a 
ship  in  a  fore-and-afl  direction. 

This  model,  represented  by  figs.  2  and  3,  consists  princi- 
pally of  a  plank,  P  P,  about  8  ft.  long  and  11  in.  broad,  sus- 
pended horizontally  by  10  helical  springs,  6'  S,  arranged  in 
two  rows  lengthways  near  the  edges  of  the  plank.  These 
helical  springs  are  attached  to  a  frame,  F  F,  the  construction 
of  which  is  immaterial. 

Along  each  edge  of  the  plank  P  P  are  also  arranged  in  two 
rows  a  number  of  weights,   W  W,  which  can  be  easily  shitted. 


The  plank  suspended,  as  above  described,  can  thus  easily 
be  made  to  vibrate  in  the  manner  shown  at  fig,  4,  by  a  regu- 
larly repeated  impulse  of  the  hand,  either  at  the  middle  or  at 
I  lie  ends.  These  vibrations  will  be  called  in  future  vibrations 
of  the  I.  order,  in  distinction  from  vibrations  of  another  kind. 
Every  one  who  has  been  on  board  a  violently  vibrating  steamer 
will  acknowledge  at. once  the  perfect  analogy  of  the  vibrations 
of  the  plank  with  those  of  a  steamer. 

A  model  engine,  as  shown  at  fig.  5,  serves  for  further  in- 
vestigations. The  shaft  has  four  cranks,  which  can  be  easily 
adjusted  at  any  angle  with  each  other  by  a  screw  arrange- 
ment. The  pistons  are  represented  by  four  different  weights 
Pi,  p«,  Pi,  P<,  which  can  be  easily  removed  and  exchanged  for 
others,  to  show  the  effect  produced  by  the  use  of  pistons  of 
different  weights.  This  model  engine  is  placed,  as  shown  at 
fig.  2,  on  the  plank  P  l\  and  made  to  revolve  by  the  turning 
gear  G  in  connection  with  the  spindle  a  a,  which  is  furnished 
at  each  end  with  a  universal  joint  and  also  with  a  telescopic 
sliding  arrangement,  so  that  the  engine  A' can  work  perfectly 
freely. 

Another  model  engine  of  similar  construction,  but  with  three 
cranks,  is  used  to  explain  the  influence  of  ordinary  triple-ex- 
pansion engines  on  the  vibration  of  steamers. 

In  the  first  place,  let  the  pistons,  piston-rods,  and  connect- 
ing-rods of  two  cranks  of  the  three-crank  engine  be  removed, 
so  that  the  model  may  represent  a  tandem  engine — viz.,  an 
engine  with  only  one  crank.  When  the  apparatus  in  this  state 
is  set  in  motion,  only  forces  acting  alternately  up  and  down- 
ward in  a  vertical  direction  will  come  into  action,  without  any 
rocking  couples  being  formed  in  the  vertical  plane  through 
the  longitudinal  axis  of  the  ship. 

If  the  model  engine  be  placed  at  G,  the  middle  of  the  plank 
representing  the  ship  (see  tig.  4),  and  made  to  work  first  slowly 
and  then  gradually  faster,  it  will  be  observed  that  the  plank 
will  remain  at  rest  until  the  revolutions  have  reached  a  certain 
number,  when  violent  vibrations  of  the  form  A,  C\  Z>\  ami 
Ai  C?  B?  (see  fig.  4)  will  make  themselves  manifest.  The  vio- 
lence of  these  vibrations,  will,  however,  decrease  again  to  per- 
fect rest  when  the  number  of  revolutions  of  the  engine  is  grad- 
ually increased.  Exactly  the  same  will  be  observed  when  the 
model  engine  is  shifted  to  0  or  Q  near  the  end  of  the  plank. 
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APPARATUS  FOK   EXPERIMENTING   ON  THE   VII'.KATIONS   OF  STEAMERS. 


This  plank  represents  a  -hip's  hull,  ami  by  means  of  itthe 
origin  of  vibrations  in  a  ship  may  be  demonstrated,  by  apply- 
ing to  it  tones,  in  a  similar  way  as  they  would  occur  in  reality 
in  a  ship.  If.  for  instance,  at  one  part  "of  the  plank  a  pressure 
jig  exercised,  the  plank  will  give  way  in  the  direction  of  that 
pressure  either  up  or  downward,  until  through  the  increased 
tension  of  the  respective  springs  equilibrium  is  re-established, 
similar  to  the  action  of  increased  buoyancy  in  the  case  of  a 
ship. 


When,  however,  the  engine  is  placed  exactly  over  one  of  the 
nodular  points  A'or  >V, .  then  the  plank  will  remain  at  rest,  or 
nearly  so,  at  any  number  of  revolutions  thai  the  engine  may 
lie  worked  at.  The  vibrations,  as  shown  at  fig  I,  will  be  re 
placed  by  other-  of  a  higher  order,  having  more  than  two 
nodular  points,  depending  on  the  number  of  revolutions  the 
engine  is  worked  at. 

These-  facts  are,  however,  of  little  use  in  practice,  as  it  is 
impossible  to  determine  with  accuracy  the  position  of  the 
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nodular  points  for  a  ship  in  course  of  construction  ;  moreover, 
that  position  is  not  constant,  but  varies  with  the  distribution 
of  the  weights  in  the  ship. 

For  further  investigations,  the  cranks  belonging  to  the  cyl- 
inders I.  and  IV.  of  the  model  engine,  shown  at  fig.  5,  are 
placed  exactly  opposite  to  each  other — viz.,  at  an  angle  of 
1803.  The  weights  of  the  two  respective  pistons  pi  and  p,  are 
made  exactly  equal,  and  the  two  connecting-rods  and  piston- 
rods  of  the  cylinders  II.  and  III.  are  removed  altogether. 
With  such  an  engine  with  two  cylinders  the  algebraical  sum 
of  the  forces  will  always  be  zero — viz.,  they  will  be  perfectly 
balanced  in  a  vertical  direction  at  any  position.  During  the 
first  half  of  a  revolution  a  couple  will  be  created,  having  the 
tendency  to  lift  the  engine-bed  abaft,  and  during  the  second 
half  a  couple  with  the  exactly  opposite  tendency. 

Wh  n  such  an  engine  is  placed  exactly  in  the  middle  of  the 
ship,  vibrations  of  the  i.  order,  as  shown  at  fig.  4.  cannot  be 
produced,  but  the  ship  will  remain  at  rest.  Only  small  vibra- 
tions will  occur  when  the  engine  is  placed  near  the  end  of  the 
plank,  considerably  abaft  the  nodular  point.  Both  assertions 
can  be  proved  by  experiments  with  the  model. 

When,  however,  this  engine  is  placed  with  its  two  cylinders 
equidistant  from  the  nodular  point  (that  means  when  one  cyl- 
inder is  placed  at  the  same  distance  after  the  nodular  point  as 
the  other  one  is  placed  before  it),  very  violent  vibrations  of 
the  I.  order  will  be  produced  as  soon  as  the  revolutions  of  the 
engine  have  reached  the  critical  number.  This  can  easily  be 
gathered  from  fig.  4.  considering  that  during  the  first  half  of 
a  revolution  a  downward  force  at  n,  and  an  upward  pressure 
at  m,  will  take  place  simultaneously,  and  that  these  pressures 
will  be  reversed  during  the  second  half  of  the  revolution. 
Vibrations  will  also  be  produced  when  the  engine  is  placed 
with  its  cylinders  not  equidistant  from  the  nodular  point. 

If,  for  an  instance,  one  of  the  cylinders  is  placed  exactly 
over  the  nodular  point  A",  fig.  4.  and  the  other  toward  the 
middle  of  the  ship  over  r,  the  thrusts  of  the  piston  acting  ex- 
actly over  the  nodular  point  will  have  no  effect  in  producing 
vibrations,  while  the  thrusts  of  the  other  piston  acting  at  a 
distance  from  the  nodular  point  will  cause  violent  vibrations. 

In  shifting  the  engine  gradually  toward  the  middle  of  the 
ship,  the  vibrations  will  decrease  in  the  same  measure  until 
they  entirely  disappear  as  soon  as  the  engine  has  reached  the 
middle  position. 

The  following  rules,  based  on  the  above-described  experi- 
ments and  observations/may  be  laid  down  for  the  construction 
of  a  ship's  engines,  so  as  to  avoid  vibrations  : 

1.  In  the  case  of  engines  that  are  placed  exactly  at  the 
middle  of  the  ship  or  near  its  ends,  the  algebraical  sum  of  the 
vertical  forces  generated  by  the  reciprocating  masses  must  be 
made  equal  to  zero.  Rocking  couples,  which  may  possibly 
arise,  need  not  be  taken  into  consideration,  as  their  influence 
in  producing  vibrations  is  but  small. 

2.  In  the  case  of  engines  that  are  placed  over  or  near  one  of 
the  nodular  points,  rocking  couples  acting  in  the  vertical  plane 
through  the  longitudinal  axis  of  the  ship  must  be  avoided,  in 
order  to  do  away  with  vibrations.  It  is,  however,  less  impor- 
tant that  the  algebraical  sum  of  the  vertical  forces  be  equal  to 
zero. 

The  second  case  only  will  come  into  consideration  in  prac- 
tice, as  it  is  impossible,  under  ordinary  circumstances,  to  place 
the  engine  in  the  middle  of  the  ship.  On  the  contrary,  it  will 
be  requisite  for  the  proper  arrangement  of  the  boilers  to  place 
the  engine  considerably  abaft,  near  to  the  nodular  point 

In  designing  the  engine  special  care  must,  therefore,  be 
taken  to  avoid  rocking  couples. 

The  usual  arrangement  of  a  three  cylinder  engine  is  that  the 
high-pressure  cylinder  is  placed  foremost,  the  middle-pressure 
cylinder  in  the  middle,  and  the  low-pressure  cylinder  at  the 
after  end 

Considerable  rocking  couples  will  always  be  produced  with 
such  an  arrangement,  and,  moreover,  the  alternately  upward 
and  downward  forces  at  the  after  end  of  the  engine-bed  will 
be  greatly  in  excess  of  similar  forces  at  the  fore  end.  because 
the  weight  of  the  low-pressure  piston  is  naturally  greater  than 
that  of  the  high-pressure  piston.  An  ordinary  triple-expan- 
sion engine  may,  therefore,  be  used  when  it  is  placed  before 
the  nodular  point  in  question,  because  then  the  greater  press- 
ures are  applied  nearer  to  that  point  than  the  smaller,  and  the 
engine  will  therefore  work  better. 

But  when  the  engine  is  placed  abaft  the  nodular  point 
rally  the  case  with  tank  steamers,  then  the  greater  force 
will  act  also  at  a  greftter  distance  from  the  nodular  point,  and 
cause,  therefore  more  violent  vibrations.  The  usual  position 
now  given  to  triple-expansion  engines  in  tank  steamers  is, 
therefore,  as  regards  producing  vibrations,  the  most  unfavor- 
able. The  low-pressure  cylinder  of  the  engine  should  be 
placed  foremost,  and  the  high-pressure  cylinder  abaft. 


Moreover,  the  rocking  couples,  inherent  in  a  triple-expan- 
sion engine,  would  be  considerably  reduced  if  the  low-press- 
ure cylinder  were  arranged  between  the  high  and  middle- 
pressure  cylinders,  because  then  the  greatest  pressures  pro- 
duced by  the  reciprocating  masses  would  act  nearly  in  the 
center  of  gravity  of  the  engine.  With  such  an  arrangement 
not  only  the  violence  of  the  vibrations  would  be  reduced,  but 
also  the  strain  on  the  engine-bed,  which  often  causes  loosening 
of  the  fastenings. 

It  is,  therefore,  to  be  recommended  for  any  engine  of  the 
three  cylinder  type,  the  low-pressure  cylinder  should  be  placed 
in  the  middle  between  the  two  other  cylinders.  In  the  case  of 
an  engine  with  five  cylinders  and  three  cranks— viz. ,  one  cvl- 
inder  for  the  middle  crank,  and  a  pair  of  cylinders  for  each  of 
the  outer  cranks,  very  great  rocking  couples  are  produce 
the  piston  weights  for  each  pair  of  the  outer  cylinders  are  con- 
siderably greater  than  that  of  the  middle  cylinder.  These  en- 
gines will,  therefore,  cause  especially  violent  vibrations. 

An  ordinary  triple-expansion  engine  with  three  cranks,  if 
erected  in  a  particular  manner,  would  also  not  be  able  to  put 
the  body  of  the  ship  into  a  state  of  violent  vibration.  To 
make  this  clear,  refer  to  figs.  10  and  11.  Let  the  line  A  B 
represent  the  axis  of  the  ship  ;  let  A"  be  the  aftermost  nodular 
point  .  let  B  be  the  stern,  and  A  about  the  middle  of  the  ship. 
Let  it  be  also  assumed  that  the  engine,  as  is  usually  the  case, 
is  placed  somewhat  in  advance  of  the  nodular  point.  W  hen 
the  revolution  of  the  engine  takes  place  in  the  direction  indi- 
cated by  the  arrow  in  fig.  11,  and  the  cranks  occupy,  for  ex- 
ample, the  position  shown,  the  weight  of  the  piston  of  cylinder 
So.  III.  will  generate  a  considerable  upward  force,  while  the 
pistons  of  cylinders  Xos.  I.  and  II.  generate  forces  in  the  op- 
posite direction.  If,  now,  the  distance  z  of  the  engine  from 
the  nodular  point  A  be  such  that  the  moments  of  these  forces 
about  the  nodular  point  A"  be  equal  to  zero,  no  vibrations  of 
the  first  order  can  take  place. 

As,  however,  the  weights  of  the  moving  parts  of  the  sepa- 
rate cylinders  of  an  ordinary  triple-expansion  engine  generally 
stand  to  each  other  in  the  ratios  of  1  :  0.S2  :  0.73,  we  have,  in 
order  that  no  vibrations  may  take  place,  the  simple  calculation 
that  the  distance  x  of  the  low-pressure  cylinder  must  be  about 
five  times  a,  the  distance  apart  of  the  cylinders  from  center  to 
center.  It  results,  also,  that  for  every  type  of  engine  there  is 
a  position  in  the  ship  where  the  engine  may  be  erected  which 
renders  it  possible  to  avoid  vibrations. 

By  proper  balancing  rocking  couples,  as  well  as  vertical 
forces,  vibrations  may  be  avoided  altogether.  The  use  of 
counterweights  is,  however,  not  expedient,  when  the  same 
have  to  be  too  heavy,  and  is  almost  inadmissible  for  very 
large  engines.  For  instance,  for  a  triple-expansion  engine  of 
indicated  H.P.,  the  counterweights  require!  "would 
amount  to  44  tons,  if  the  stroke  of  the  eccentrics  for  moving 
these  weights  be  20  in.  at  one  end  and  12  in.  at  the  other  end 
of  the  engine.  It  is,  therefore,  by  all  means  necessary  to  re- 
duce the  counterweights  to  a  minimum,  or.  better  still,  to  do 
away  with  them  altogether.  This  may  be  carried  out  partially 
by  giving  the  engine  a  proper  construction  or  position  in  the 
ship. 

With  this  object  in  view,  the  weights  of  the  three  pistons 
for  a  three-cylinder  engine  have  been  made  exactly  equal. 
With  such  a  construction  the  algebraical  sum  of  the  vertical 
forces  is  equal  to  zero  for  any  position  of  the  cranks,  and  if 
such  an  engine  be  placed  exactly  in  the  middle  of  the  ship,  no 
vibrations  could  be  produced,  as  has  been  demonstrated  be- 
fore. But  as  soon  as  such  an  engine  is  placed  near  one  of  the 
nodular  points,  which  is  nearly  always  the  case,  violent  vibra- 
tions will  be  caused  by  the  rocking  couples  inherent  in  the 
construction  of  the  engine. 

These  couples  are  even  greater  than  those  inherent  in  an 
ordinary  triple-expansion  engine,  because  the  small  weight  of 
the  high-pressure  piston  at  the  fore  end  of  the  engine  is  re- 
placed by  the  much  greater  weight  of  the  low-pressure  cylin- 
der. However,  these  difficulties  may  be  overcome  entirely, 
or  at  least  greatly  reduced,  by  adopting  engines  with  four 
cylinders  and  four  cranks.  Two  methods  of  construction, 
which  differ  chiefly  in  the  relative  position  of  the  cranks  to 
each  other,  come  here  into  consideration.  In  one  of  these 
methods  the  cranks  are  so  arranged  that  in  each  pair  at  each 
end  of  the  engine  they  form  an  angle  of  1S0= — viz.,  stand  ex- 
actly opposite  each  other,  while  the  two  pairs  themselves  stand 
at  an  angle  of  90°.  The  two  small  cylinders  are  placed  at  the 
ends,  and  the  two  Iar_  is  between  them  in  the  middle 

of  the  engine. 

The-  construction  of  such  a  quadruple-expansion  engine  is 
represented  in  sketch  at  fig.  6.  The  steam  enters  at  cylin- 
der I.,  and  passes  through  the  cylinders  II..  III.  and  IV.  suc- 
cessively. The  cranks  of  v..  50  save  cylinders  stand,  there- 
fore, always  at  an  angle  of  90=  to  each  other.     The  steam 
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might  also  be  made  to  lake  a  different  course  through  the  re- 
spective cylinders  ;  but  care  should  always  be  taken  that  the 
two    heaviest    cylinders,   or  the    heaviest    piston    weights,    are 

placed  in  the  middle— viz.,  between  llie  two  lighter  cylinders. 

Fig.  7  represents  the  arrangement  of  a  triple-expansion  en- 
gine oi  this  system  with  two  low  pressure  cylinders.  The  ad- 
vantages of  this  construction  are,  lirst,  that  the  forees  pro- 
duced by  the  reciprocating  masses  of  any  two  adjoining  cyl 
inders  are  nearly  balanced  — viz.,  that  the  algebraical  sum  of 
the  existing  vertical  forces  is  approximately  equal  to  zero  ; 
and.  secondly,  that  only  very  small  rocking  couples  can  be 
produced.  In  mist  cases  counterweights  may  be  either  en- 
tirely dispensed  with,  or  will  only  require  to  be  of  such  a  size 
that  there  will  be  110  difficulty  in  their  adoptiou. 

In  case  the  engine  is  placed  very  near  the  nodular  point,  it 
is  very  desirable  to  balance  the  couples  that  might  be  formed. 
As  the  balance-weights  need  not  be  very  large,  it  is  admissible 
to  let  them  rotate,  without  any  fear  of  injurious  horizontal 
components  being  produced.  The  simplest  way  of  balancing 
the  respective  forces  is  to  fit  a  balance  weight  on  the  periphery 
of  the  wheel  of  the  turning  gear,  with  which  every  engine  is 
furnished  ;  and  also  a  disk  of  suitable  diameter  on  the  fore 
end  of  the  crauk-shaft.  This  disk,  which  also  bears  a  balance 
weight  on  its  periphery,  can  always  be  easily  tilted  and  offers 
no  danger  to  the  engine-room  staff. 

In  order  to  reduce  the  counterweights  for  these  disks  to  a 
minimum,  the  weights  which  work  at  the  two  outside  cranks 
of  the  cylinders  I.  and  II.,  fig.  6,  must  be  smaller  in  a  certain 
ratio  than  those  working  at  the  two  inside  cranks  of  the  cyl- 
inders III.  and  IV.  The  determination  of  the  exact  ratio  of 
these  weights  to  each  other  mathematically  is  rather  compli- 
cated, but  supposing  that  the  weights  which  act  ou  the  crank  II. 
are  in  the  same  proportion  to  those  which  act  ou  the  crank  IV., 
as  the  weights  which  act  on  the  crank  I.  are  to  those  which 
act  ou  the  crank  Hi.,  and  further  supposing,  for  the  sake  of 
simplicity,  that  the  counterweights  are  arranged  at  the  same 
distance  (a)  from  the  center  lines  of  the  outside  cylinders  as 
these  cylinders  are  distant  from  each  other,  then  the  weights 
of  the  moving  parts  of  the  outside  cylinders  must  be  6.823 
times  the  corresponding  weights  of  the  adjoining  inside  cyl- 
inder. 

If  the  counterweights  for  a  four-cylinder  engine  of  this  con- 
struction of  7,000  indicated  II. P.  are  calculated  according  to 
this  rule,  the  respective  weights  will  be  2.68  tons  and  2.45 
tons.  It  is,  however,  here  supposed  that  these  counterweights 
are  fitted  at  a  distance  from  the  center  of  the  crank-shaft  equal 
to  the  radius  of  the  crank.  Although  these  weights  are  con- 
siderable, yet  they  might  be  applied  to  an  engine  of  the  above 
size  without  hesitation. 

In  the  case  of  an  engine  with  four  cranks,  the  counterweights 
might,  however,  be  avoided  altogether,  and  all  possible  exist- 
ing forces  and  rocking  couples  be  balanced,  if  it  be  not  made 
a  condition  that  all  the  four  cranks  are  placed  at  an  angle  of 
90°.  This  arrangement  will  suffice  for  all  requirements  of  ■,, 
completely  balanced  engine.  The  masses  acting  on  the  outer 
cranks  form,  so  to  speak,  the  counterweights  for  the  forces 
acting  on  the  inner  cranks.  If,  therefore,  the  weights  of  the 
pistons  for  the  outer  cylinders  are  chosen  rightly,  and  their  re- 
spective crauks  arc  put  at  the  proper  angles,  such  "an  engine 
will  always  work  without  producing  vibrations  in  the  sliip. 
The  p  isitlOD  of  the  four  er.iuks  to  each  other  might  vary  con- 
siderably. For  instance,  the  position  of  the  two  inner  cranks 
in  ay  be  choseD  optionally,  and  the  weights  of  the  pistons  <  >  I 
the  outer  cylinders,  as  well  as  the  position  of  their  respective 
cranks,  be  arranged  accordingly. 

The  two  inner  cylinders  must,  in  this  arrangement,  be  fur- 
nished with  the  heaviest  pistons,  and  it  will,  therefore,  be  best, 
also,  to  place  the  largest  cylinders  tn  the  middle  If  the  cranks 
for  the  two  cylinders  111,  and  IV'.,  fig.  6,  are  placed  at  an 
angle  of  00"  to  each  other,  the  arrangement  shown  at  Bg.  8 

might  be  adopted  for  the  cranks.  The  relations  of  the  mov- 
ing  weights   for  each  cylinder  are   marked  at  each  crank   in 

brackets,  ;is  shown. 

The  movement  of  the  f  trees  acting  on  the  crank  shaft  dur- 
ing one  revolution  will,  in  this  arrangement,  vary  more  than 
would  he  the  ease  if  all  the  cranks  were  placed  at  an  angle  of 
exactly  '.10   to  eaidi  other.     These  circumstances  are,  however, 

not  so  unfavorable-  as  might  at  first  appear,  and  differ  but  little 

from  those  of  Ihtce  cylinder  engines,  if  the  cylinders  hav ily 

the  proper  diameters.  The  cranks  belonging  to  tin'  cylin- 
ders I.  and  II  might  also  he  placed  at  an  angle  of  ok  to  each 
other.    The  arrangement  id'  the  remaining  cranks  consequently 

required  will  he  seen  in  fig,  9. 

Any  number  of  arrangements  similar  to  those  represented 
at  figs.  Sand  'J  might  he  made  and  used  in  practice.  It  will 
be  easily  seen  that,  if  the  angle  at  which  the  cranks  of  the 
cyliu  lers  I.  and  II.  are  placed  to  each  other  is  made  smaller, 


the  angle  for  the  cranks  of  the  two  other  cylinders  will  a'so 
have  to  be  smaller. 

In  the  case  of  a  triple  expansion  engine  with  four  cylinders, 
as  shown  at  tig.  7,  the  relative  positions  of  the  cranks  to  each 
other  will  be  symmetrical,  and  therefore  the  motion  of  the  en- 
gine will  be  still  more  even.  This  principle  may  also  be  ap- 
plied to  engines  with  three  cranks  only,  when  the  moving  parts 
of  an  imaginary  fourth  cylinder  are  replaced  by  a  counter- 
weight at  the  after  end  of  the  engine.  This  counterweight 
may,  as  already  proposed  for  four  cylinder  engines,  be  at- 
tached to  the-  wheel  of  the  turning  gear.  By  using  such  a 
counterweight  and  adopting  the  proper  angles  for  the  clanks, 
the  vibrations  of  already  existing  steamers  can  be  greatly  re- 
duced, or  even  entirely  obviated. 

From  the  foregoing  observations  it  will  be  easily  seen  that 
in  designing  a  ship  it  is  of  the  greatest  importance  to  deter- 
mine, in  the  first  place,  the  position  of  the  nodular  points. 

If  the  weights  of  a  ship  were  distributed  equally  in  the 
direction  of  the  longitudinal  axis,  and  the  moment  of  inertia 
of  any  cross-section  at  any  distance  from  their  conunou  axis 
were  always  the  same,  then  Ihe  position  of  the  nodular  points 
would  be  0.2242  times  the  ship's  length  distant  from  its  ends. 

This  value  is,  however,  greatly  influenced  by  the  more  or 
less  equal  distribution  of  the  weights,  and  I  may,  perhaps, 
have  the  honor  to  lay  before  you  the  rcsu'ts  of  my  experiments 
and  observations  on  this  head  on  a  future  occasion. 


TRIALS  OF  H.  M.  S.  "HORNET.' 


A  NOTEWORTnY  series  of  trials  of  the  new  torpedo  boat  de- 
stroyer the  Hornet,  built  and  engined  by  Messrs.  Yarrow  A; 
Co.,  of  Poplar,  were  brought  to  a  highly  satisfactory  conclu- 
sion recently  by  the  completion  of  the  official  trials  of  the  ves- 
sel, which  took  place  olT  the  mouth  of  the  Thames. 

There  was  recorded  in  the  Times  of  November  22  ult. ,  under 
the  heading  of  "  Water  Tube  Boilers  in  the  Navy,"  the  ex- 
perimental trial  of  a  new  boiler  on  the  water-tube  principle 
patented  by  the  builders  of  the  Hornet.  The  boiler,  as  stated, 
was  one  of  eight  with  which  the  Hornet  was  to  be  titled,  and 
from  the  tests  to  which  it  was  then  subjected  it  gave  evidence 
of  capabilities  as  a  steam  generator  for  seagoing  purposes 
which  have  been  practically  realized  within  the  past  month. 
The  trials  of  this  new  type  of  vessel  have  been  in  each  case 
attended  by  Admiralty  officials. 

Preceding  the  final  official  trial  of  the  vessel,  a  first  private 
preliminary  one  was  made  on  January  31  ult.,  which  was  a 
great  success,  as  she  then  proceeded  to  sea  with  only  four 
boilers  on  board,  being  half  the  boiler  power,  in  a  compara- 
tively light  condition,  when  a  speed  of  23.3  knots  was  realized, 
the  boilers  working  at  a  very  moderate  air  pressure,  and  supply- 
ing with  ease  all  the  demands  made  upon  them  for  steam.  On 
February  23,  the  whole  of  the  eight  boilers  having  been  fitted 
on  board  in  the  mean  time  and  the  vessel  completed,  she  pro- 
ceeded on  a  trial  which,  in  its  results,  i3  memorable,  marking, 
as  it  does,  the  realization  at  sea  of  the  highest  steaming  speed 
yet  attained  by  any  vessel,  as  she  in  three  out  of  seven  runs 
on  the  Maplin  mile  made  over  30  knots,  the  average  speed  for 
the  seven  runs  being  28  knots,  the  engines  at  the  time  making 
nearly  400  revolutions  a  minute,  steam  being  maintained  in 
the  boilers  at  172  lbs.  pressure  a  square  inch,  with  a  little  over- 
all inch  of  air  pressure.  On  March  7  a  further  trial  was  made 
with  the  vessel  over  the  same  ground  with  very  fair  success, 
the  engines  developing  a  total  indicated  power  of  about  4.00(1 
horses,  with  1$  in.  of  air  pressure  in  the  stokeholds  ;  but  one 
of  the  guide-bars  of  the  engines  having  begun  to  heat,  it  was 
deemed  advisable  to  return  and  proceed  with  the  vessel  at  a 
moderate  speed  to  her  moorings.  Ou  this  occasion  the  vessel 
was  rather  deeper  in  the  water  than  her  normal  loaded  dis- 
placement. 

Matters  having  been  adjusted  by  the  docking  of  the  vessel, 
her  manganese  propellers  fitted,  trim  regulated,  and  engines 
in  sea-going  order,  she  left  Gravesend  on  Monday  last  and 
proceeded  down  the  river.  On  reaching  Thames  Haven. 
about  111  a.m..  a  three  hours'  continuous  trial  was  begun  under 
forced  draft,  during  which  six  runs  on  the  Maplin  mile  were 
made,  with  the  following  results  in  speed  attained  : 
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!s          2  T.8 
26.08       28.16 

Thus  a  mean  speed  was  attained  of  27.313  knots.     On  the 
completion  of  the  mile  runs,  the  vessel,  for  the  remainder  of 


Vol.  LXVIII,  No.  6.] 


AND    RAILROAD    JOURNAL. 


261 


the  trial  time,  was  run  straight  out  into  the  .jsorth  Sea.  and 
ou  the  expiration  of  the  three  hours  was  fouud  to  have  realized 
a  mean  speed  over  the  whole  of  the  lime  of  27.638  knots,  the 
engines  having  run  at  a  mean  of  388.3  revolutions  per  minute 
and  developed  a  total  of  4,000  indicated  II. P.,  with  steam  at  a 
pressure  of  169  lbs.  per  square  inch  and  14  in.  of  air  pressure. 

The  Hornet  is  180  ft.  long  and  18  ft.  6  in.  beam,  and  at  a 
mean  draft  of  5  ft.  has  about  220  tons  displacement.  Her 
propelling  engines  are  twin  triple  compounds  of  Messrs.  Vat- 
row's  ordinary  design  for  torpedo  boats.  The  cylinders  are 
18  in.,  26  in.  and  39£  in.  in  diameter  respectively,  the  piston 
stroke  being  18  in.  Her  boilers  are  eight  in  number,  having 
a  total  heating  surface  of  8,216  sq.  ft.  and  a  grate  surface  of 
164.8  sq.  ft.,  the  furuace-bar  length  being  6  ft.  6  in.  They 
are  arranged  in  two  stokeholds  in  groups  of  four,  each  pair  of 
boilers  having  a  funnel,  thus  giving  four  funnels  to  the  vessel 
—the  first  ever  fitted  with  so  many  in  the  British  Navy — which 
with  the  exception  of  cowls  for  carrying  air  into  the  fans  — 
horizontal  ones  in  the  case  of  the  Hornet—  and  for  other  ven- 
tilating purposes  are  the  only  important  projections  above 
deck  aft  of  the  forward  turtle  back. 

The  main  features  of  the  Yarrow  water-tube  boiler  having 
been  popularly  described  in  the  Issue  of  the  Times  before  re- 
ferred to,  we  have,  in  conclusion,  to  direct  attention  to  what 
appears  to  be  the  very  great  advantage  offered  by  the  watet- 
tube  boiler  of  the  Yarrow  type  over  those  wherein  bent  or 
curved  tubes  are  adopted  ;  as  it  is  a  matter  of  common  knowl- 
edge that  impurities  in  the  feed  water  of  a  boiler  are  far  more 
likely  to  adhere  to  the  inside  surface  of  a  tube  that  is  tortuous 
than  of  one  in  which  the  water  of  evaporation  has  a  straight 
unchecked  course  in  its  circulation  through  the  tubes  as  in  the 
Yarrow  boiler. — London  Time*. 


PIPE  CHUCK  FOR  LATHE. 


We  illustrate  a  pipe  chuck  which  has  been  designed  and  is 
in  use  at  the  shops  of  the  Philadelphia  &  Reading  Railroad,  at 
Heading,  Pa.,  with  a  16-in.  Bement  lathe.  It  is  very  fre- 
quently necessary  to  hold  a  pipe  in  order  to  cut  the  thread 
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PIPECnCCK  FOR  LATHE.  PHILADELPHIA  A  READING  KAILROAD. 

in  the  lathe,  and  for  this  purpose  it  is  necessary  that  the  chuck- 
ing should  be  central  with  the  spindle.  The  chuck  which  is 
illustrate  I  is  arranged  so  that  the  center  line  of  the  screws 
which  draw  tin-  jaws  together  is  exactly  in  line-  with  the  spin- 
die  of  the  lathe  when  set  on  the  carria.e.  or,  of  course,  if  it 
were  to  be  used  with  a  larger  lathe  blocking  up  would  be  re- 
quired, and  with  a  smaller  lathe  it  would  probably  have  to  be 


set  upon  the  ways.  The  construction  is  clearly  shown  from 
the  engravings.  There  is  a  haud-wheel  over  the  center  carrying 
a  spu^gear  which  meshes  in  with  two  others  that  are  keyed  to 
the  stems  of  screws  that  are  }  in.  in  diameter  at  the  bottom  of 
the  thread,  £  in.  outside  the  thread.  These  threads  are  rights 
and  lefts,  the  rights  being  at  the  upper  end.  so  that  the  jaws 
are  moved  together  and  grasp  the  pipe.  The  jaws  are  remova- 
ble, and  are  held  in  position  by  the  latches,  which  are  shown 
on  the  front  face  of  the  side  elevation,  so  that  pipes  of  varying 
sizes  can  be  held.  As  the  two  screws  draw  together  quite 
evenly,  there  is  no  vertical  thrust  in  either  direction  and  no 
wear  in  this  respect.  The  gears  are  housed  in  beneath  a  cap, 
which  holds  them  down  in  position  and  at  the  same  time  ex- 
cludes all  dust  and  dirt.  The  device  is  a  simple  one,  and  will 
undoubtedly  be  suggestive  to  others  from  which  they  can  ar- 
range a  similar  device  for  lathes  of  their  own  when  the  neces- 
sity may  arise. 

♦ 

PRESSED  STEEL  UNDERFRAMES. 


The  Leeds  Forge  Company  have  recently  added  to  theii 
establishment  a  large  and  important  department.  It  consists 
principally  of  a  large  building  12,000  sq.  yds.  in  area,  of  sub- 
stantial construction,  and  already  fitted  with  a  good  deal  of 
costly  plant,  for  the  most  part  designed  especially  for  the 
work  in  view.  This  work  is  the  stamping  out  of  the  various 
members  which  go  to  make  underframes,  bogies,  etc.,  for  roll- 
ing stock.  We  believe  that  the  idea  of  reducing  the  weight 
of  rolling  stock  on  railways  was  first  impressed  on  Mr.  Fox, 
who  has  worked  out  the  "details  of  the  system,  by  seeing  a 
heavy  man  on  a  light  bicycle.  He  argued  that  if  a  vehicle 
weighing  perhaps  no  more  than  33  lbs.  would  carry  a  man 
weighing  200  lbs.  on  the  high  road,  railway  trucks  and  car- 
riages could  be  constructed  with  a  somewhat  closer  approxi- 
mation of  the  ratio  of  weight  of  load  to  that  of  the  vehicle 
carrying  it.  In  the  case  of  the  bicycle  the  ratio  is,  as  will  be 
seen,  as  8  to  1  ;  the  weight  of  an  ordinary  railway  truck  de- 
signed to  carry  8  tons  is  about  5  tons,  18  cwt.,  which  gives 
a  ratio  of  1£  to"  1.  "So  doubt  Mr.  Fox  recognized  t:  at  the  con- 
ditions applying  to  a  bicycle  carrying  a  man  and  those  of  a 
railway  trutk  carrying  its  load  are  vastly  different.  However 
this  may  be,  Mr.  "Fox  considered  there  was  a  large  margin 
within  which  he  could  work,  and  the  results,  as  he  has  biought 
them  out  in  tangible  form,  stem  fully  to  confirm  his  conclu- 
sions It  may  be  inteiesting  here  to  give  some  figures  from 
estimates  which  have  been  formed  as  to  the  world's  consump- 
tion in  railwav  underframes.  In  England  there  are  (or  were 
at  the  time  the  estimate  was  made)  20,000  miles  of  railway, 
and  the  published  statements  give  548,000  underframes.  or 
about  27  to  the  mile.  Taking  the  whole  railway  mileage  open 
at  the  time  for  the  whole  world,  excepting  England,  so  far  as 
obtainable  from  published  statistics  (principally  "  Bradshaw's 
Railway  Manual'),  and  taking  the  number  of  underframes  of 
rolling  "stock  at  only  10  to  the  mile,  and  adding  the  sum  so 
obtained  to  the  known  number  of  underframes  on  English 
railwavs,  we  get  a  total  of  3,150,000.  We  assume  the  death- 
rate  at"  5  per  cent.;  there  would  be  157.500  new  underframes 
required  each  year,  or  over  one  every  10  minutes.  The  plan 
upon  which  the  new  works  have  been  laid  out  is'to  produce 
one  underframe  every  10  minutes. 

1  It  has  no  doubt  often  puzzled  engineers  unconnected  with 
railwav  matters— for  instance,  the  designers  of  steel  torpedo 
boats,  "how  it  is  that  wood  has  managed  to  hold  its  own  for  so 
long  in  the  construction  of  underframes.  There  are,  however, 
virtues  in  wood  which  do  not  appear  on  the  surface,  and  diln- 
culties  in  the  way  of  application  of  iron  and  steel  on  a  whole- 
sale scale.  Mr.  Fox,  having  taken  the  bicycle  as  his  proto- 
tvpe.  naturallv  elected  to  stand  or  fall  by  steel.  He  came  to 
the  conclusion  that  where  members  had  to  be  joined  they 
must  be  riveted  together  by  means  of  a  flange  stamped  in  one 
with  the  solid  metal,  and  that  the  use  of  angle  irons  riveted  on 
must  be  abandoned.  It  may  be  said  generally,  therefore,  that 
Fox's  svstem  consists  mainly  of  flanging  steel  plates  into  vari- 
ous forms.  The  most  usual  required  for  underframes  is  that 
of  a  plain  channel  section  with  ends,  or.  in  other  words,  a 
trough  form  ;  so  that  while  in  cross  section  the  form  diffeis 
little  from  that  of  an  ordinary  rolled  channel  bar,  the  blank  is 
solid,  flanged  all  round,  both  at  the  sides  and  ends.  In  this 
way,  when  two  bars  are  joined  together,  nothing  further  is 
reqnired  for  attachment  but  the  necessary  bolts  or  rivets  :  the 
latter  being  preferable,  as  nuts  are  liable  to  shake  loose.  The 
abandonment  of  anirle  irons  as  a  means  of  attachment  en 
a  considerable  saving  to  lie  made  in  weight,  and  greatly  re- 
duces the  number  of  separate  pieces.  It  will  be  evident  that 
it  is  bv  no  means  necessary  that  all  joints  should  be  made  at 
right  "angles  ;  when  required,  they  can  be  made  at  various 
decrees  of  inclination. 
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Where  pieces  which  may  l>c  called  angles,  or  which  corre- 
spond to  angles,  can  be  used  with  advantage  in  building  up 
the  patent  nnderframes,  they  are  of  large  si/e.  and  may  be 

formed  out  of  plates  only  ±  in.  thick.  In  this  way  a  saving  is 
made  of  50  per  cent,  of  weight  over  that  required  for  similar 
augles  or  knees  formed  in  the  usual  way  ;  at  the  same  time 
there  is  no  loss  of  strength.  The  system  ot  pressing  thin 
plates  also  adapts  itself  very  readily  to  the  combination  of 
separate  parts  ;  thus,  a  wagon  or  carriage  headstock  may  be 
made  which  can  be  riveted  in  the  flanges  of  every  other  piece 
abutting  upon  it  ;  in  tins  way  there  is  no  occasion  for  the 
numerous  angle  irons,  gussets  and  knees  used  in  the  more 
ordinary  forms  of  construction.  With  respect  to  the  strength 
of  frames  produced,  it  may  here  be  stated  that  a  small 
bogie  frame,  weighing  728  lbs.,  was  recently  tested,  and  stood 
a  load  of  24  tons  without  deflection  ;  it  was  not  until  the  load 
was  increased  to  a  total  of  55  tons,  10  cwt.,  2  qr.  that  deforma- 
tion took  place.  The  flanges  then  were  bent  or  deformed,  but 
there  was  neither  crack  nor  flaw  in  the  metal,  nor  did  the  riv- 
eting give  way,  and  the  parts  could  with  ease  and  trifling  ex- 
pense be  restored  to  their  original  form.  This  test  was  made 
by  dead  weight  piled  on  the  bogie.  Another  test  of  a  similar 
nature  was  made,  in  which  a  pair  of  American  bogies,  each 
weighing  812  lbs.,  had  a  dead  weight  test-load  on  the  center- 
bar  of  both  bogies  of  130,186  lbs.  There  was  no  deflection  or 
deformation  of  any  kind,  the  test  gauges  pointing  to  zeio. 
The  bolster  springs  were  pressed  close,  metal  to  metal. 

This  system  of  building  up  frames  admits  of  duplication  of 
parts  being  carried  to  great  perfection.  A  design  being  once 
decided  upon,  the  manner  in  which  the  various  parts  are 
molded  insures  exact  similitude,  and  the  necessary  holes  arc 
spaced  with  precision  by  means  of  templates.  The  manufac- 
turers claim  that  frames  can  be  built  up  to  given  dimensions 
with  the  utmost  nicety,  the  various  parts  square  and  true  with 
each  other,  and  the  dimensions  over  all  as  exact  as  if  the 
pieces  had  been  planed  to  size.  The  result  is  a  structure 
which  cannot  be  destroyed  unless  by  violent  collision  or  sim- 
ilar accident.  In  ordinary  cases,  however,  if  a  bar  become 
bent  it  may  be  put  right  by  an  ordinary  smith  ;  but,  supposing 
a  piece  is  bent  out  of  shape  so  badly  as  to  become  useless,  the 
makers  undertake  to  supply  a  duplicate  that  will  tit  properly 
if  the  other  parts  are  uninjured.  From  the  character  of  the 
material,  fractures  are  extremely  unlikely  to  be  produced  even 
by  collision,  as  the  flanges  can  be  beaten  down  close  without 
cracking. 

Those  who  have  had  experience  of  the  pressing  of  metal 
sheets  into  hollow  forms  will  easily  understand  that  it  is  no 
easy  matter  to  obtain  parts  such  as  those  shown  in  our  illus- 
tration with  a  gauge  of  metal  uniform  throughout.  To  stamp 
single  trough  sections  would  be  a  comparatively  easy  mat- 
ter, but  this  would  necessitate  the  riveting  on  of  angle  attach- 
ment pieces,  a  mode  of  procedure  which  is  diametrically  op- 
posed to  Fox's  system,  and  the  avoidance  of  which  consti- 
tutes the  great  merit  of  his  plan.  The  rectangular  trough, 
therefore,  has  to  be  provided  with  ends  stamped  out  solid  at 
one  operation  with  the  rest.  To  encompass  this,  the  die  and 
mold,  or  "  the  tools,"  as  they  are  called,  have  to  be  very 
nicely  proportioned.  Great  exactitude,  which  can  only  be 
attained  by  much  experience,  has  to  be  observed  in  the  forma 
tion  of  the  upper  edge  of  the  mold.  This  has  to  be  of  a  con- 
tour which  will  cause  the  proper  flow  of  metal  to  the  part  re- 
quired. It  is  further  necessary  that  the  edges  of  the  trough, 
which  is  to  form  a  member  of  the  carriage  frame,  should  he 
fair  and  even,  without  one  part  standing  up  above  another, 
otherwise  a  certain  amount  of  machining,  in  the  shape  of  saw- 
ing off  or  otherwise,  would  be  necessary,  and  this  would  natu- 
rally add  greatly  to  the  expense. 

The  strips  of  steel,  bar  and  plate,  which  form  the  blanks 
from  which  the  troughs  are  pressed,  contain  exactly  the 
amount  of  metal  required  for  the  finished  piece.  They  are 
placed  in  a  furnace  and  brought  to  the  required  temperature 
for  pressing— viz.,  a  fair  red  heat.  They  are  then  placed  flat 
upon  the  female  mold  in  the  hydraulic  press,  the  table  of 
which  rises  until  the  dies  have  duly  entered  the  mold,  thus 
forcing  the  flat  plate  into  the  required  shape.  If  one  were  to 
attempt  to  perform  such  an  operation  as  this,  say,  with  a  piece 
of  paper  or  a  sheet  of  cold  metal,  the  surfaces  would  be 
doubled  over  each  other,  supposing,  of  course,  the  material 
were  sufficiently  tough  for  rupture  not  to  take  place.  In  the 
present  case,  however,  were  there  any  doubling  over  of  the 
metal,  there  would  be  obviously  a  weak  place  ;  but  doubling 
over  is  absolutely  prevented,  for  the  clearance  or  space  between 
the  die  and  mold  is  exactly  the  same  as  the  thickness  of  the 
metal  strip,  which  in  turn  is  exactly  the  same  as  that  of  the 
finished  part.  It  will  be  evident,  therefore,  that  there  can  be 
no  folding  over  of  the  plate,  in  place  of  which  the  metal  is 
made  to  flow  in  due  proportion,  so  as  to  fill  every  part  of  the 
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space  between  the  tools,  which  space  is  of  exactly  the  same 
extent  as  that  of  the  cubic  capacity  of  the  blank.  The  proper 
flow  of  metal  is  inducer!,  as  already  stated,  by  the  contour  of 
the  top  edge  of  the  mold.  Whatever  doubling-over  tendency 
there  niay  be  is  converted  into  end  pressure  in  lines  parallel 
to  the  surface  of  the  part,  or,  as  it  may  be  termed,  an  "  upset- 
ting" or  "  jumping"  action. 

It  may  be  pointed  out  that  naval  architects  are  becoming 
strongly  alive  to  the  virtues  of  bending  over  or  flanging  plates 
in  the  building  of  steel  ships,  in  place  of  riveting  on  angles  or 
reverse  bars  ;  hydraulic  machines  of  large  size  are  now  being 
manufactured  for  this  purpose,  especially  in  the  case  of  bend- 
ing over  floor  plates  and  transverse  divisions  for  double  bot- 
toms. It  is  impossible,  however,  from  the  nature  of  the  case 
for  shipbuilders  to  have  at  their  command  such  beautifully 
designed  machines  and  such  accurately  worked-out  practice  as 
that  in  use  at  the  Leeds  Forge. 

It  should  be  stated  that  for  many  years  past  the  Great  West- 
ern Railway  have  used  steel  underframes  for  rolling  stock, 
but  these  are  not  pressed  in  the  manner  followed  by  the  Leeds 
Forge.  There  is,  however,  an  important  plant  at  Swindon 
for  constructing  these  underframes,  and  the  success  attained 
with  them  shows  that  steel  is  a  suitable  material  for  the  purpose. 

The  Leeds  Forge  Company  on  this  principle  are  the  same 
in  general  design.  The  railway  companies  specify  the  dimen- 
sions of  some  of  the  parts,  and  that  circumstance  naturally 
goes  far  to  determine  the  weight  ;  but  the  Leeds  Forge  Com- 
pany very  emphatically  state,  as  the  result  of  experiment  and 
experience,  that  by  proper  distribution  and  formation  of  the 
parts,  and  by  the  use  of  suitable  material,  the  section  of  the 
bars  may  be  such  as  to  reduce  the  weight  of  an  underframe 
very  considerably,  as  compared  with  underframes  of  wood, 
iron  and  steel,  built  up  in  the  ordinary  way  with  channel  or 
other  bars,  fastened  together  by  means  of  angle  irons.  De- 
tails in  regatd  to  this  matter  will  be  given  later.  The  number 
of  separate  pieces  used  with  Fox's  system  is  said  to  be  less 
than  one-half  that  required  with  well-made  underframes  of 
the  present  ordinary  types.  In  all  types  of  wagons  with 
these  underframes  the  tares  are  less  than  half  the  gross  weight, 
including  the  wagons  and  full  load,  whereas  in  wooden  under- 
frames the  tare  seldom  approaches  so  low  as  half  the  gross 
weight.  The  reduction  in  weight  of  an  underframe  made  on 
this  principle  is  about  25  per  cent.,  as  compared  to  frames  of 
ordinary  channel  steel,  in  which  the  attachments  are  made  by 
angles,  gussets,  knees,  etc.  The  decrease  in  weight  is  not, 
however,  the  only  advantage,  for  there  is  an  increase  in 
strength  and  a  reduction  in  parts,  making  the  underframe 
simpler  to  construct,  as  already  referred  to.  An  instance  of 
this  may  be  given  in  the  case  of  a  foreign  railway,  where  com- 
petitive designs  were  invited  from  various  makers,  the  order 
going  to  the  Leeds  Forge.  In  the  stock  which  the  Company 
proposed  to  use  the  underframes  were  made  of  steel,  and  con- 
sisted of  68  pieces.  By  the  adoption  of  the  pressed  steel  un- 
derframes the  number  of  pieces  was  reduced  to  13  ;  the  weight 
at  the  same  time  was  reduced  from  19  cwt.,  3  qr.,  21  lbs.  to 
13  cwt.,  7  lbs.,  a  saving  of  between  6  cwt.  and  7  cwt.,  or  about 
35  per  cent.  In  addition  to  this  the  number  of  rivets  was  re- 
duced from  282  with  the  old  arrangement  to  104  with  the 
new;  while  the  number  of  rivet-holes  was  brought  from  680 
to  220. 

Fig.  9,  page  262,  is  an  illustration  of  a  20  ton  truck,  with 
bogies  which  have  been  designed  to  cempete  with  the  Ameri- 
can Diamond  bogie  design,  which  was  supposed  to  be  the  type 
that  possessed  the  virtue  of  lightness  above  all  other  forms  of 
construction. 

One  of  the  earliest  to  appreciate  the  merits  of  pressed  steel 
underframes  was  the  late  Sir  George  Berkley.  President  of 
the  Institution  of  Civil  Engineers,  ne  having  introduced  the 
system  largely  in  his  work  for  the  Natal  Government  railways. 
The  pressed  steel  bogie  frames  have  been  in  use  on  the  Natal 
Government  Railway  since  1890,  and  orders  for  a  fresh  quan- 
tity were  repeated  a  short  time  ago  ;  the  gauge  is  3  ft.  6  in. 
On  the  Mexican  Railway,  of  which  Sir  Alexander  Rendal  is 
the  Consulting  Engineer,  the  pressed  steel  bogie  frames  have 
also  been  for  a  considerable  time  used. 

English  railway  engineers  have  been  reproached  with  having 
lost  sight  of  the  important  question  in  railway  economics,  of 
the  amount  of  non-paying  load  that  is  hauled  by  the  locomo- 
tives. Our  critics  say  that,  having  a  long  purse  to  draw  upon, 
our  engineers  have  not  troubled  themselves  to  do  the  Kest  that 
could  be  done  from  an  economical  point  of  view.  There  is  no 
doubt  that  in  the  United  States  engineers  have  been  more  suc- 
cessful in  reducing  the  tare  of  wagons  in  terms  of  the  full 
load.  The  conditions  of  traffic  in  this  country  are  different  to 
those  of  America,  but  even  in  the  United  States  it  is  question- 
able whether  the  size  of  goods  wagons  has  not  been  carried  to 
an  undesirable  extent,  and    that   very   frequently   very  big 


trucks  are  run  with  comparatively  small  loads,  so  that  the 
actual  weight  of  wagons  as  compared  to  the  actual  weight  of 
goods  carried  is  sometimes  in  excess  of  that  of  English  rail- 
ways. In  this  country  we  are  bound  to  a  great  extent  to  our 
smaller  goods  wagons  by  the  nature  of  sidings,  etc..  which 
are  not  suitable  for  lung  wagons,  but  there  are  signs  of  change 
in  this  respect,  and  the  Manchester,  Sheffield  &  Lincolnshire 
Railway  are  working  in  this  direction.  Indian  railway  engi- 
neers have  of  late  turned  their  attention  largely  to  this  ques- 
tion of  dead  load,  and  they  look  forward  to  a  reduction  in  the 
weight  of  rolling  stock  to  enable  them  not  only  to  carry  the 
present  traffic,  but  to  provide  for  an  increase  of  traffic  for 
many  years  to  come,  using  only  the  existing  power  and  the 
present  permanent  way.  The  Leeds  Forge  have  constructed 
for  Sir  George  B.  Bruce  a  number  of  carriage  underframes 
and  bogies,  which  have  been  sent  to  India,  and  also  some  open 
platform  wagons,  made  entirely  of  pressed  steel. — Engineering. 

« 

LOCOMOTIVE    FOR    LOCAL    TRAFFIC    ON    THE 
FLINT  &  PERE  MARQUETTE  RAILROAD. 


Mr.  T.  J.  Hatswell,  Master  Mechanic  of  the  Flint  &  Pere 
Marquette  Railway,  has  some  engines  in  service  hauling  local 
passenger  trains  between  Saginaw  and  Bay  City,  in  which  only 
one  pair  of  drivers  is  used.  Our  full-page  illustration  on  page 
264  is  a  reproduction  of  a  photograph  of  one  of  the  engines. 
The  side  elevation  shows  the  detail  of  construction.  These 
engines  are  doing  remarkably  good  work  in  the  passenger  ser- 
vice between  the  two  points  named,  hauling  trains  ranging 
from  two  to  six  cars  on  fast  schedule  time.  The  line  running 
from  Saginaw  to  Bay  City  is  a  branch,  and  is  operated  by  sepa- 
rate engines  from  those  working  the  main  line  traffic.  The 
engine,  as  shown,  is  a  double  ender.  It  is  easily  handled,  and 
has  the  neat  appearance  in  running  of  all  single-driver  engines, 
giving  perfect  satisfaction  in  the  service  for  which  it  was  de- 
signed. The  following  is  a  list  of  dimensions  and  detail  of 
the  engine  : 

Kind  of  fuel  used Bituminous  coal. 

Gauge  of  road 4'    8*4' 

Total  estimated  weight  of  locomotive  in  working  order, 

including  two  men  . .     . .   80,000  lbs. 

Total  weight  on  driving-wheels 40.000" 

wheel  base,  including  tank ...   29* 

Distance  from  center  of  main  driving-wheels  to  center  of 

cylinders        lO*    TJ4' 

Transverse  distance  from  the  center  of  one  cylinder  to  the 

center  of  the  other 6' 

Diameter  of  II.  P.  cylinder  and  stroke  of  piston  15'  X  — 

Horizontal  thickness  of  piston  over  piston-head  and  fol- 
lower plate 5" 

Kind  of  piston  packing Dunbar. 

Diameter  of  piston-rod 2J4" 

Size  of  steam-port 154*  >   !■*' 

'•     -  exhaust  port 2J4- X  14- 

Greatest  travel  of  slide  valve 5^>' 

Outside  lap  of  slide  valve {V 

Inside  lap  of  slide  valve 3V 

Throw  of  upper  end  of  rt-verse  lever  from  full  gear  forward 

to  full  gear  backward,  measured  on  the  chord  of  the  arc 

of  the  reach  rod-pin  throw    14J4' 

Sectional  area  of  opening  in  each  steam  pipe  connected 

with  cylinders 15-9  sq.  in. 

Sectional  area  of  opening  in  each  exhaust  pipe  connected 

with  cylinders 23.75  sq.  in. 

Diameter  ot  driving-wheels  outside  of  tires 67iV 

••  front  truck-wheels 30' 

■  tank  '•  32/ 

Si2e  of  main  driving-axle  journal,  diameter 

"    "  truck  axle  journals,  diameter  5' 

"    '■  main  crank-pin  journals,  diameter  and  length 3*4* 

Length  of  driving  springs,  measured  from  center  to  center 

of  hangers  - BJ    "K' 

Description  of  boiler Belpaire. 

Inside  diameter  of  smallest  boiler  ring 3'    1 

listeria!  of  barrel  of  boiler H'  steel. 

Thickness  of  plates  in  barrel  of  boiler -V 

Kind  of  horizontal  seams  Lap  triple  riveted 

•■  circumferential  seams "double 

Material  of  1  nbes "  weldeo  iron. 

Number    '"      " 133 

Diameter  of  tubes  outside -' 

Distance  between  centers  of  tubes 

Length  of  tubes  over  tube  plates ..11'  _  1' 

"fire-box 4'    5* 

Width  of  fire-box - 

Depth"        "        " 

Water  space,  side  of  the  fire-box 4' 

back  of  tire-box 4' 

11       •*       front  of  fire-box 5' 

Material  of  outside  shell  of  fire-box Steel. 

Thickness  of  plates  of  outside  shell  of  firebox ?»' 

Material  of  inside  fire-box ..   Steel. 

Thickness  of  plates  inside  of  fire-box  

••     back  end  of  fire-box 

"  crown  plate - 

Material  of  tube-plates Steel. 

Thickness  of  front  tube  plates 

"  back  tube  plates Js'     , 

...       1  1  Stay  bolts  4V 

How  crown  plate  13  stayed }     pitch. 

Diameter  of  dome 30*  ontside. 

Heightofdome »  10' inside. 
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Maximum  working  pressure  per  Bq.  in  130 lbs 

*nd  of  grate  '   \  llSI^iS 

Width  of  opening  between  burs     l^" 

Grate  surface 12.51  sq.  ft. 

Heating  surface  in  lire-box 84.49 

of  the  inside  of  tubes 708.88 

Total  beating  surface 780.87 

Kind  of  blast  nozzle  .. Single. 

Diameter  of  blast  nozzle 3J^' 

Smallest  inside  diameter  of  chimney     16"" 

Height  from,  top  of  rails  to  top  of  chimney 12'    9' 

"    "     "    "  center  of  boiler 6' 

Distance  from  'center  to  center  of  truck  wheels  of  tender. . .  5'    G' 

Water  capacity  ..f  lank  nn  gallons  of  881  cu.  in.) 1,200. 

Coal  capacity  of  tender  or  lnel-bin 2  tons. 

Total  wheel  base  of  engine  and  lender  over  all 42'    1" 


ELECTRIC  POWER   INSTALLATIONS  IN   ENGI 
NEERING  AND  IRON  WORKS. 


At  the  meeting  of  the  Cleveland  Institution  of  Engineers  on 
the  9th  inst.,  at  Middleborough,  Mr.  J.  Phillips  Bedson,  of 
the  new  Cleveland  Wire  &  Iron  Works,  Middleborough,  read 
a  paper  by  Mr.  D.  Selby  Bigge,  of  Newcastle-on-Tyue,  on  this 
subject.  Tlie  following  is  an  abstract:  The  author  said  that 
electricity  had  for  many  years  come  under  the  notice  of  civil, 
mechanical,  and  general  engineers  ;  but,  as  a  rule,  this  had 
been  in  connection  with  lighting.  For  some  four  or  five  years 
electricity  had  been  employed  as  a  motive  power  in  connection 
with  mining  operations,  such  as  hauling,  winding,  pumping, 
ventilating,  coal-cutting,  drilling,  a.id  oilier  minor  uses.  The 
application  of  electric  power  hail,  therefore  been  confined 
chiefly  to  what  might  be  called  long-distance  transmission  ;  in 
some  cases  over  many  miles,  as  in  the  case  of  mining  woik  or 
traction.  The  general  tendency  had  been  to  consider  the  ap- 
plication of  electric  power  in  those  cases  only  where  the  power 
had  to  be  conveyed  a  considerable  distance.  The  writer  de- 
sired in  his  paper  to  draw  the  attention  of  engineers  to  short- 
distance  transmission  or  concentration  of  power.  In  order 
fully  to  grasp  this  idea,  he  would  take  the  case  of  any  large 
engineering  works  in  which  the  motive  power  was  derived 
from  a  number  of  scattered  and  auxiliary  steam-engines,  which 
in  some  cases  were  used  for  driving  shafting  iu  fitting  shops, 
and  in  other  cases  were  applied  to  various  machine  tools, 
winches,  traveling  cranes,  overhead  cranes,  hot  saws,  cold 
saws,  rolls,  forge  blowers,  punching  and  shearing  machines, 
straightening  machines,  planing  machines  and  the  numberless 
other  apparatus  which  were  daily  employed  in  engineering 
establishments.  Cases  were  often  found  in  which  numbers  of 
pumping  and  shearing  machines  were  driven  by  means  of  belts 
and  pulleys,  receiving  their  power  through  long  lines  of  main 
shafting  and  countershafting.  In  many  cases  the  boilers  ncces- 
saiy  for  producing  steam  for  all  these  engines,  were  situated 
at  a  considerable  distance  from  them,  and  the  steam  had  to  be 
conveyed  through  lung  lengths  of  pipe.  The  boilers,  instead 
of  being  all  concentrated  together  in  one  battery,  were  scat- 
tered about  the  works.  Such  were  the  conditions  daily  met 
with  when  looking  through  engineering  establishments. 

The  writer  then  set  himself  to  show  how  short-distance  elec- 
tric power  installation  could  be  advantageously  adouted.  and 
what  great  economies  could  be  realized  by  a  concentration  of 
all  that  scattered  power. 

1.  Taking  the  case  of  separate  engines  for  driving  individual 
machinery,  it  would  readily  be  admitted  by  all  engineers  that 
much  better  steam  economy  could  be  obtained  from  the  em- 
ployment of  one  huge  highly  efficient  engine  than  from  a  large 
number  of  small  engines,  which  for  many  reasons  were  not  of 
so  efficient  a  character,  the  steam  consumption  in  each  of  the 
small  engines  being  proportionately  four  to  six  times  greater 
than  it  would  be  in  a  large  engine  of  a  triple-expansion  con- 
densing type. 

2.  Taking  the  case  of  a  machine  shop  driving  off  shafting, 
there  was  considerable  loss  incurred  in  transmitting  power 
through  long  lines  of  mains  and  counter  shafting  with  all  the 
attendant  gear  wheels,  bearings,  pulleys,  belts,  etc.,  this  loss 
varying  from  20  per  cent,  up  to  60  per  cent,  of  the  power 
transmitted. 

3.  The  disadvantage  of  having  boilers  at  long  distances  from 
the  engines  they  had  to  drive  did  not  need  to  be  recounted, 
nor  the  inconvenience  of  having  boilers  scattered  about,  »nd 
the  inefficiency  of  working  at  a  low  pressure. 

All  ihese  disadvantages  could  he  obviated  by  a  well-consid- 
ered application  of  electric  power.  The  writer  proceeded  to 
demonstrate  the  way  in  which  this  could  be  realized.  The 
first  thing  would  be  to  find  out  the  individual  power  of  all  the 
steam-engines  in  the  works  and  the  total  II.  P.     Having  arrived 
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at  the  unit  t>l  p  >wcr  to  adopt,  the  next  tiling  was  Hie  ^in-  thai 
the  generating  plant  should  occupy.  If  hi  the  neighboi 
of  a  river  or  other  water,  the  plant  should  be  placed  in  Bach  a 
manner  as  to  afford  every  Facility  for  condensing  purposes, 
nnd  if  waste  furnace  gases  were  available  the  plant  should  be 
placed  so  that  the  boilers  would  derive  full  benefit  fr>m  gas 
tiring.  Tue  site  arc  1  not  necessarily  be  in  the  works  at  all,  as 
distances  not  exceeding  half  a  mile,  or  even  a  mile,  were,  elec- 
trically Bpeatdng,  n  it  ol  great  importance  when  compared  with 
the  advantages  to  be  derived  from  gas  firing  and  condensing. 
The  next  question  to  be  considere  1  was  what  form  of  engine 
anil  dynamo  should  be  adopted  for  generating  the  electric 
power.  The  boilers  should  work  at  high  pressure — 150  lbs. 
up  to  ISO  lbs  — the  engine  should  be  triple-expansion,  and  be 
coupled  direct  to  a  dynamo  capable  of  giving  out  a  p  iwcr 
equal  to  the  full  output  of  the  engine.  He  would  assume  this 
to  be  500  II. P.  Willi  dynamos  of  this  size  and  power  there 
would  be  three  types  of  engines  to  select  from,  running  at 
three  different  speeds  :  First,  a  horizontal  Corliss  engine,  run 
ning  at  80  revolutions  per  minute,  and  coupled  direct  to  a 
dynamo,  of  which  the  armature  would  form  the  fir-wheel  of 
the  engine  :  second,  an  engine  of  the  triple-expansion  marine 
vertical  type,  also  coupled  direct  to  the  dynamo,  and  running 
at  a  speed  of  150  to  ISO  revolutions  a  minute  ;  and,  third,  an 
engine  of  the  high  speed  electric  lighting,  or  WlUana  type,  and 
running  at  a  speed  of  300  revolutions  per  minute.  In  any  of 
the  above  named  cases  the  electric  power  should  be  generated 
for  not  more  than  li  lbs.  of  coal  per  indicated  IIP.  The  cur- 
rent would  then  be  led  from  the  generating  dynamo  to  a  main 
switch-board  in  the  engine-house  itself,  and  by  circuits  would 
be  brought  back,  from  the  various  motors  about  the  works  to 
t liis  one  central  board,  in  which  measuring  instruments  would 
be  placed  so  that  the  attendants  in  charge  could  see  at  a  glance 
what  each  individual  motor  or  set  of  motors  in  the  works  n  as 
doing  at  any  time  of  the  day  01  night.  The  cables  from  the 
main  board  should  be  taken  to  minor  distributing  boards,  or 
sub  stations,  if  the  works  were  of  any  very  great  extent,  and 
further  branched  off  again  to  the  different  motors.  The  cables, 
in  some  instances,  would  be  run  overhead,  and  in  others  in 
culverts  or  channels  underground.  It  was  most  important 
that  the  motors,  etc.,  should  be  kept  as  dry  as  possible. 
Where  necessary  each  machine  tool  could  be  provided  with  its 
own  electric  light. 

In  works  not  exceeding  800  yds.  in  length,  the  efficiency  of 
such  a  plant  would  be  made  up  as  under  :  Loss  in  main  gen- 
erating dynamo,  7  per  cent.;  in  mains,  3  per  cent.:  in  motors, 
15  per  cent.:  total  efficiency,  75  percent. 

With  an  ideal  electric  power  installation  there  would  be 
self-contained  electric  machine  tools,  in  which  the  motor  would 
be  embodied  as  part  of  the  machine  ;  but  in  existing  w  rks 
this  was  difficult  to  realize,  and  the  method  was  either  to  drive 
by  belt  on  to  existing  fly  wheels,  or  else  couple  the  motors 
direct  by  means  of  gearing. 

The  very  small  loss  in  distributing  the  power  through  cables 
was  a  matter  which  must  be  evident  to  all  engineers,  when 
compared  side  by  side  with  long  lengths  of  shafting  or  of 
st<am-pipe,  in  which  condensation  and  loss  of  power  were 
bound  to  take  place.  Considerable  economy  in  wages  could 
be  effected  by  the  application  of  electric  power,  especially  in 
works  where  there  were  a  number  of  boilers  scattered  about. 
These  scattered  boilers  could  generally  be  entirely  done  away 
with,  and  replaced  by  one  or  two  large  high  pressure  boilers 
adjoining  the  generating  plant. 

In  establishments  where  the  wjrk  was  of  an  intermittent 
character,  electricity  was  particularly  applicable.  Under  pres- 
ent circumstances  large  numbers  of  outlying  machines  were 
kept  constantly  running  whether  in  operation  or  not.  These 
took  almost  as  much  steam  when  running  light  as  when  doing 
their  work.  Tha  amount  of  coal  wasted  during  the  year  in 
keeping  idle  machinery  runnin_'  wis  very  considerable.  A 
large  proportion  of  this  waste  could  be  avoided  by  the  use  of 
electric  motors  which  CoulJ  be  switched  on  or  olf  instantane- 
ously. 

Another  very  practical  application  of  electricity  was  the 
driving  of  all  forms  of  cranes  and  winches.  Almost  every 
modern  crane  in  America  was  electrically  driven — at  ao}"  rate 
in  those  places  where  electric  current  was  available. 

A  further  advantage  of  electric  power  was  the  small  size 
and  weight  of  the  motors  themselves  and  their  foundations. 

As  to  the  cost  of  the  upkeep,  for  installations  of  300  HP. 
and  upward,  it  would  be  5  per  cent,  per  annum  on  the  capital 
outlay,  though  with  care  and  attention  it  should  not  exceed 
3  per  cent.;  the  bearings,  brushes,  and  commutators  were  the 
only  wearing  parts  of  a  dynamo  or  motor.  There  was  hardly 
any  depreciation  in  the  copper  cables,  and  copper  would  gen- 
erally find  its  value.  Switching  apparatus  required  seldom 
renewing  if  properly  constructed. 


Where  electricity  ha  1  bjen  applied  to  old  works,  and  the 
generating  plant   was  not  of  such  a  character  as  would  be 

found  in  an  entirely  new  works,  economics  from  30  to  60  per 
cent,  had  been  obtained  in  the  coal  consumption,  entirely  due 
to  the  electrical  distribution  of  the  power.  The  writer  thought 
that  it  was  almost  the  duty  of  an  engineer  who  wished  for 
economical  working  results  to  study  the  application  of  electric 
power  when  extending  or  remodelling  old  works  or  building 
new  ones. 

The  writer  mentioned  that  three  large  works  in  Middlebor- 
ough  ha  1  alrea  ly  adopted  or  were  adopting  the  use  of  elec- 
tricity as  a  motive  power,  and  several  other  manufacturers  had 
the  matter  under  consideration.  He  expected  that  within  the 
n "\t  five  m  'nth*  nearly  1,000  H  P.  of  electric  power  would  be 
running  in  Hiddleborough,  and  this  was  far  in  advance  of 
what  had  been  done  in  any  other  town  in  this  country.  As 
r  _  irderi  the  applicati  in  of  electric  power,  the  American  and 
continental  manufacturers  were  perhaps  far  ahead  of  ours. 
In  Belgium  and  Germany  large  works  were  operated  exclu- 
sively by  electricity,  and  had  been  running  for  three  years 
with  very  remarkable  results  as  regarded  economy.  Theie 
was  ni  u'reat  difficulty  in  constructing  dynamos  of  almost  any 
size.  The  largest  that  had  been  constructed  was  a  2.000-H.P. 
multipolar  dvnamo,  built  by  the  General  Electric  Company, 
of  New  York.  It  was  employed  in  running  the  Intramural 
Railway  at  the  World's  Fair,  and  was  coupled  direct  to  a  com- 
pound condensing  Corliss  engine.  It  weighed  3o  tons,  and  the 
efficiency  obtained  was  96  per  cent.  —  The  Engineer. 


MEETING  OF   THE   MEMBERS  OF  THE  AMERI- 
CAN SOCIETY  OF  MECHANICAL  ENGINEERS. 


The  Use  of  Water-Tube  Boilers  in  the  Nayy. 


By   Walter   M.   Mi  Faiu.anh.    Past   Assistant   Em. inker, 

u.  >.  x. 


Having  l>ecn  honored  by  the  Committee  which  is  in  charge 
of  these  monthly  meetings  of  the  Society  with  an  invitation 
to  prepare  a  few  remarks  to  serve  as  a  basis  for  a  discussion 
of  the  subject  of  water-tube  boilers,  with  special  reference  to 
their  use  in  the  Navy,  1  have  pleasure  in  complying  ;  but 
must  state  at  the  outset  that  the  request  came  at  a  time  when 
pressure  of  other  matters  did  not  give  me  the  leisure  necessary 
to  go  into  the  subject  as  carefully  as  I  might  have  wished. 

In  this  matter  of  water-tube  boilers  I  shall  confine  myself 
to  the  type  known  as  tubulous  or  coil  boilers,  merely  mention- 
ing thai  years  ago  a  water-tube  boiler,  invented  by  Engineer- 
in  thief  Martin  of  the  Nav3",  was  in  use  for  some  years  and 
gave  satisfaction.  This,  however,  was  a  shell  boiler,  and  its 
weight  was  about  the  same  as  that  ol  fire  tubular  boilers,  so 
that  it  does  not  come  properly  in  the  category  we  propo- 
discuss. 

It  may  be  stated  at  the  outset  that  coil  boilers  possess  certain 
advantages  which  recommend  them  for  use  in  naval  vessels. 
and  would  make  their  adoption  a  cert  inty  but  for  one  or  two 
features.  From  their  successful  use  naval  designers  have  had 
their  ultimate  adoption  in  mind  and  have  watched  the  develop- 
ment with  the  greatest  interest.  In  our  own  Navy  extended 
experiments  were  made  by  Boards  of  Naval  Engineers  under 
the  direction  of  that  great  engineer  Isherwood  on  the  Herre  - 
hoff  boilei,  so  that  full  information  was  possessed  in  this  re- 
spect. Experience  with  them,  however,  was  not  such  as  to 
warrant  their  adoption  for  use  in  large  vessels. 

The  advantages  offered  by  coil  boilers  for  naval  vessels  may 
be  stated  as  follows  : 

Reduction  of  weight  of  boiler  and  contained  water. 

Adaptation  to  very  high  pressures, 
rous  explosion. 

Rapidity  of  raising  steam. 

Freedom  from  injury  due  to  forced  combustion. 

Facility  in  renewal  when  worn  out. 

Against  these  advantages  is  to  be  set  : 

Greater  injury  by  corrosion. 

More  care  required  in  feeding. 

A-  a  matter  of  fact,  if  it  were  not  for  the  trouble  due  to  cor- 
rosion, there  would  be  hardly  anything  to  be  said  against  the 
coil  boiler,  for  the  difficulty  sometimes  due  to  feeding  is  a 
matter  of  training  of  the  attendants.     A  friend  recently  wrote 
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me  in  regard  to  the  boilers  of  the  Monterey,  where  each  lire- 
room  has  two  Ward  boilers  and  one  cylindrical  :  "  One  feed- 
pump can  be  made  to  supply  both  Ward  and  Scotch  boiler  in 
battery,  but  every  chump  who  calls  himself  a  water  tender 
can't  do  it." 

~  It  is  hardly  necessary  to  elaborate  the  advantages,  but  it 
may  be  remarked  that  the  reduction  of  weight  is  the  greatest. 
For  the  last  10  years  the  demand  on  the  designer  of  naval 
machinery  for  increased  power  on  reduced  weight  has  been 
growing  stronger,  and  although  forced  draft  does  materially 
reduce  the  boiler  weight,  it  has  not  been  an  unmixed  blessing. 
When  we  reflect  that  coil  boilers  weigh  less  than  half  as  much 
as  cylindrical  ones  for  the  same  power,  and  that  they  can  be 
forced  to  any  extent  without  danger  of  injury,  we  see  how 
desirable  the  coil  boiler  becomes. 

"  As  in  the  case  with  many  other  improvements  in  steam 
machinery,  the  Navy  lias  followed  rather  than  led  outside 
practice.  The  reason  for  this  is  not  hard  to  understand  when 
we  reflect  that  the  officers  charged  with  the  carrying  out  of 
Government  work  have  not  the  free  hand  of  those  in  civil 
life.  A  designing  engineer  frequently  has  unusual  opportuni- 
ties given  him  by  the  fact  that  some  yacht  owner  demands 
exceptional  speed,  and  is  willing  to  sacrifice  almost  everything 
to  attain  it.  Such  a  case  woufd  offer  a  splendid  opening  for 
the  trial  of  a  tubulous  boiler. 

In  1885  the  late  Admiral  Simpson  of  the  Navy,  who  had 
been  President  of  the  Naval  Advisory  Board,  in  an  inaugural 
address  as  President  of  the  Naval  Institute,  made  the  remark 
that  the  great  necessity  for  improvement  in  naval  vessels  was 
in  reduction  of  weight  of  machinery,  and  that  he  thought  it 
lay  in  the  direction  of  using  Herreshoff  boilers  rather  than 
those  of  the  ordinary  shell  type.  He  doubtless  selected  the 
Herreshoff  boiler  for  the  reason  that  some  launches  with  this 
boiler  had  been  used  in  the  Navy,  and  it  was  the  only  one 
with  which  he  was  familiar.  In  that  Society  it  was  not  con- 
sidered the  proper  thing  to  discuss  or  criticise  the  inaugural 
address  of  the  President,  so  that  no  reply  was  made  to  the  re- 
mark at  the  time,  as  could  very  readily  have  been  done  ;  but 
at  an  adjourned  meeting  which  I  attended,  Passed  Assistant 
Engineer  Kafer,  then  attached  to  the  Bureau  of  Steam  Engi- 
neering, did  discuss  the  subject  in  an  informal  way.  and  he 
remarked  that  the  Engineer-in  Chief  of  the  Navy,  who  was 
then  Mr.  Charles  H.  Loring,  who  has  since  been  President  of 
our  Society,  was  fully  alive  to  the  promise  of  tubulous  boilers, 
but  that  he  was  not  willing  to  stake  his  professional  reputa- 
tion on  their  success  by  powering  a  vessel  of  any  size  with 
them.  He  was  perfectly  willing,  Mr.  Kafer  said,  to  advocate 
their  adoption  experimentally  on  a  small  vessel,  but  it  must 
be  understood  that  it  was  an  experiment  ;  and  he  called  atten- 
tion to  the  fact  that  it  was  a  very  easy  matter  for  people  who 
had  no  responsibility  attending  their  recommendations  to  ad- 
vise certain  lines  of  action,  while  the  ones  on  whom  the  re- 
sponsibility came  were  necessarily  compelled  to  be  more  con- 
servative. 

$  Not  very  long  after  this  a  test  of  a  Ward  launch  boiler  was 
made  by  a  Board  of  Naval  Engineers.  Mr.  Ward  having  offered 
his  boiler  for  test  and  agreed  to  defray  the  expenses,  and  this 
test  showed  excellent  results,  both  as  regards  economy  of 
evaporation  and  power  for  a  given  weight.  Herreshoff  boilers 
had  been  used,  as  I  have  already  said,  in  naval  launches  for 
some  time,  but  they  were  not  entirely  satisfactory  in  every 
respect  and  had  not  been  generally  adopted.  The  test  of  the 
Ward  boiler  gave  information  of  a  type  of  boiler  adapted  to 
all  the  requirements  of  naval  purposes,  and  in  1888  several  of 
them  were  fitted  to  naval  launches.  Their  success  was  very 
marked,  and  since  that  time  no  new  boats  have  been  built 
which  have  not  been  fitted  with  coil  boilers,  although  other 
types  besides  the  Ward  have  been  used,  a  number  of  Towne 
boilers  having  been  fitted,  and  also  one  or  more  each  by  Rob- 
erts and  Almy.  Our  experience  with  the  Ward  boiler  has 
been  more  extended  than  with  any  of  the  others,  and  I  have 
heard  a  number  of  officers  who  have  had  experience  with  it 
in  different  portions  of  the  globe  testify  uniformly  to  their 
entire  satisfaction  with  it. 

"  About  1888  the  Navy  Department  made  a  contract  with  the 
Herreshoffs  to  build  the  Gushing,  and  the  design  in  every  re- 
spect was  left  to  them.  At  first  it  was  the  intention  to  use 
Herreshoff  boilers,  but  subsequently  that  firm,  having  ac- 
quired the  control  of  the  Thorneycroft  patents  for  this  coun 
try,  requested  and  obtained  permission  to  use  Thorneycroft 
boilers  in  the  Gushing.  In  the  early  part  of  1890  the  Cashing 
was  tested  officially,  after  having  been  given  a  number  of 
private  tests  by  the  builders.  The  official  test  as  well  as  the 
others  were  very  satisfactory,  and  showed  the  boilers  to  fulfill 
the  requirements  of  the  case  with  great  satisfaction.  In  the 
Journal  of  the  American  S)cietg  of  Naval  Engineers  for  1892, 
Chief  Engineer  Isherwood  has  written  an  article  about  the 


Gushing,  which  gives  an  extended  account  of  the  boat  and  all 
her  various  I 

In  the  fall  of     -  •    -  of  tests  ol  one  of  the  ljoilcrs  of 

the  Cashing  was  conducted  by  a  Board  of  Naval  Engii 
under  the  Presidency  of  Chief  Engineer  Loring,  and  a  IarL'< 
amount  of  valuable  information  obtained.     A  copy  of  the  re- 
port of  this  Board  was  published  in  the  report  of  the  Bureau 
of  Steam  Engineering  for  1891. 

In  1888  Engineer-in-Chief  Melville  of  the  Navy  urged  upon 
the  Secretary  the_  importance  of  experiments  on  a  Iaige  scale, 
to  determine  the  suitability  of  tubulous  boilers  for  use  as  a 
part  or  all  of  the  boiler  power  of  our  naval  vessels,  and  in 
accordance  with  his  recommendation  the  Secretarv  sent  out 
an  invitation  to  all  the  builders  of  coil  boilers  in  this  country, 
inviting  them  to  submit  plans  and  prices  to  meet  specifications 
which  had  been  prepared  by  the  Department.  Some  15  or  20 
replies  were  received,  and  in  1S89  an  invitation  was  sent  to  the 
makers  of  those  boilers  which  appeared  adapted,  asking  them 
to  suggest  a  time  when  they  would  be  ready  to  have  their 
boilers  tried.  Four  of  the  firms  who  had  previously  replied 
acknowledged  the  receipt  of  this  letter,  but  only  two  of  them 
actually  submitted  boilers  for  trial,  Mr.  William  Cowles  and 
Mr.  Charles  Ward.  A  boiler  made  by  each  of  these  gentlemen 
was  tested  by  a  Board  of  Naval  Engineers  under  the  Presi- 
dency of  Chief  Engineer  Loring,  and  the  report  giving  the 
results  was  published  in  the  report  of  the  Bureau  of  Steam 
Engineering  for  1890. 

As  a  result  of  this  competitive  test  the  boiler  submitted  by 
Mr.  Ward  was  adjudged  to  have  given  the  best  performance, 
and  in  accordance  with  the  terms  of  the  proposition  under 
which  the  tests  were  made  a  contract  was  concluded  with  him 
for  supplying  boilers  for  the  l\  S.  S.  Monterey,  to  furnish  the 
steam  for  4.200  H.P.  in  triple-expansion  engines.  The  trial 
of  the  Monterey  took  place  in  1892,  and  the  boilers  gave  a  very 
good  account  of  themselves,  the  engineer  officers  who  attended 
the  trial  speaking  in  the  highest  terms  of  their  creditable  per- 
formance. The  trial  of  the  Me  \h  rey  was  not  in  every  respect 
a  complete  success,  because  the  H.P.  of  the  machinery  fell 
slightly  below  that  required  by  the  contract,  and  in  explana- 
tions as  to  the  cause  of  this  deficiency  there  was  some  differ- 
ence of  opinion.  There  was  no  means  of  telling  certainly  how 
much  steam  was  supplied  by  each  kind  of  boiler  1  there  being 
two  single-ended  cylindrical  fire  tubular  boilers  besides  the 
four  Ward  boilers).  The  naval  engineers  who  were  present 
attributed  the  failure  to  attain  the  H.P.  to  lack  of  skill  on  the 
part  of  the  firemen,  while  I  have  understood  that  engineers 
connected  with  the  Union  Iron  Works,  who  built  the  vessel 
and  all  the  machinery  except  the  Ward  boilers,  thought  that 
the  trouble  was  partly  due  to  the  coil  boilers.  They  thought 
this  was  not  due  to  any  defect  in  the  boilers  themselves,  but 
to  the  fact  that  their  position  in  the  ship  was  such  that  it  was 
difficult  to  clean  the  fires  and  keep  them  in  the  best  possible 
condition,  and  that  on  this  account  there  was  a  falling  off. 

It  is  to  be  noted  in  connection  with  this  trial  that  a  very 
high  air  pressure  was  used  at  times,  as  much  as  4  in.  of  water, 
and  although  some  leaky  tubes  were  developed  in  the  cylin- 
drical boilers,  the  coil  boilers  showed  no  signs  of  injury  in 
any  respect,  and  after  the  trial  were  as  tight  as  before. 

This  comprises  the  actual  experience  in  use  in  our  own  Navy 
up  to  date.  The  Ericsson,  a  sister  torpedo  boat  to  the  Cashing 
with  a  few  changes,  now  building  at  the  Iowa  Iron  Works,  is 
to  have  Thorneycroft  boilers,  while  four  third-class  torpedo 
boats  for  the  Maine  and  Ihe^Texas  are  to  have  Mosher  boilers. 

In  a  design  elaborated  at  the  Bureau  of  Steam  Engineering 
last  year,  coil  boileis  in  connection  with  cylindrical  are  to  be 
used  in  supplying  a  quadruple-expansion  engine.  The  coil 
boilers  will  furnish  steam  at  250  lbs.  to  the  high  pressure  cyl- 
inder, while  the  cylindrical  boilers  will  supply  steam  of  about 
150  to  160  lbs.  to  the  first  receiver.  The  type  "of  coil  boilers  to 
be  used  has  not  yet  been  settled,  as  it  is  the  policy  of  the 
Department  to  permit  the  contractors  to  make  the  selection  in 
the  first  instance  subject  to  approval. 

Last  summer  at  the  International  Engineering  Congress  a 
paper  was  read  on  the  subject  of  coil  boilers  in  general  by 
Sir.  Ward,  and  in  the  discussion  of  that  paper  I  remarked 
that  it  appeared  to  me  that  the  most  important  question  in 
connection  with  coil  boilers  was  their  longevity.  Ik-in^  com- 
posed entirely  of  tubes  of  small  diameter  and  quite  thin,  it 
naturally  follows  that  corrosion  will  be  a  very  important  factor 
in  their  usefulness.  Mr.  Ward  has  informed  me  personally 
that  some  of  his  boilers  which  have  been  used  on  Western 
rivL-rs,  and  have  never  been  exposed  to  the  influence  of  salt 
water  in  any  way,  have  already  been  in  service  for  over  10 
years  and  are  still  in  excellent  condition.  There  are  also  some 
in  use  on  yachts,  I  believe,  which  have  had  sis  or  seven  j 
service,  and  the  revenue  cutter   '•'  has  a  boiler  which 

was  put  in  in  18.88,  I  believe,  and  is  still  in   good  condition. 
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The  launch  boilers  that  we  have  used  in  the  Navy  have  been 
-factory  in  respect  to  longevity,  a-  unne  of  them  have  as 
yet  given  out.  except  in  an  occasional  tube  here  and  there. 
which  were  easily  repaired.  The  M  I  ...  of  course,  has 
been  too  short  a  lime  in  service  to  have  any  question  of  Ion- 
y  raised  The  boilers  of  the  ''  <•  \g  have  now  been  built 
at  least  five  years,  and  they  are  in  excellent  condition,  and 
nave  shown  no  signs  of  pitting  or  other  serious  deterioration. 

The  question  of  corrosion  assumes  a  somewhat  different 
phase  for  coil  boilers  from  the  same  phenomenon  for  shell 
boilers,  because  in  the  latter  the  tubes  form  a  relatively  sec- 
ondary part  of  the  boiler,  while  in  the  former  they  practically 
are  the  boiler  ;  and,  as  has  been  repeatedly  pointed  out.  a  leaky 
tube  in  a  shell  boiler  can  be  plugged  while  steam  is  up  ;  but 
this  cannot  be  done  in  the  coil  boiler.  There  is  no  reason  why 
the  tubes  of  a  coil  boiler  should  deteriorate  any  mine  rapidly 
than  those  of  a  shell  boiler,  and  in  many  types  they  ought  to 
last  longer  because  thicker. 

Mr.  Ward  has  stated  that  one  of  his  boilers  built  nearly 
14  years  ago  has  lost  only  one  tulie.  while  a  number  of  other 
boilers  have  been  in  use  for  sis  or  seven  years  and  given  no 
trouble.  Mr.  Roberts  also  slates  that  the  first  of  his  boilers 
built  abr>ut  15  year-  n;n  has  never  given  any  trouble  from 
corrosion.  It  is  probable,  however,  thai  most  or  all  of  these 
li  lilers  have  been  carefully  kept  free  from  the  deleterious  action 
of  salt  water,  although  a  good  many  of  these  boilers  are  fitted 
in  yachts  aliout  New  i  ork. 

I  might,  then,  sum  up  our  experience  with  coil  boilers  by 
saying  that  as  regards  lightness,  rapidity  of  raising  steam, 
safety  against  disastrous  explosion  and  safety  against  injury 
by  excessive  forcing,  they  have  given  entire  satisfaction. 

The  experiments  on  the  Ward  and  Cowles  boilers  in  com- 
petition, and  those  on  the  Ihorneycroft  boilers  of  the  Outhing 
and  the  Ward  boilers  on  the  Monterey  show  conclusively  that 
coil  boilers  will  stand  any  amount  of  forcing  without  injury, 
as  these  were  all  subjected  to  air  pressures  of  2  in,  and  over 
for  long  periods  without  a  single  leak  being  developed.  We 
als)  made  a  severe  test  of  a  small  Towne  boiler  at  one  of  our 
Navy  Yard-  by  running  it  for  several  hours  under  forced 
draft,  then  hauling  fires  as  quickly  as  possible  and  turning  a 
stream  of  cold  water  on  every  part  of  the  boiler  from  a  hose, 
so  as  to  get  the  full  effect  of  sudden  contraction.  Xol  a  leak 
developed  anywhere. 

With  regard  to  longevity,  it  is  as  yet  too  early  to  speak,  but 
such  experience  as  we  have  had  leads  us  to  believe  that  with 
proper  care  to  guard  against  corrosion  they  should  have  a 
reasonable  life. 

In  this  connection  it  is  worth  noting  that  the  Belleville  boiler 
baa  been  in  use  in  the  French  Navy  for  at  least  10  years,  and 
t'ie  experience  with  it  has  apparently  been  so  satisfactory  as 
to  lead  the  Euglish  Government  to  place  an  order  for  a  set  of 
•  boilers  for  the  large  English  cruisers  Powerful  and  Ter- 
.  which  are  to  have  about  30  000  H.P.  each.  The  Belle- 
ville boiler  differs  very  materially  from  the  coil  boilers  invented 
in  this  country  and  all  others  invented  abroad,  in  having  its 
lubes  of  very  large  diameter  and  much  thicker  than  thus  in 
any  other  coil  boiler.  The  tubes  are  generally  about  4  in.  in 
diameter,  and  the  lower  row  are  about  three-eighths  of  an  inch 
thick,  and  no  tubes  are  less  than  .20  of  an  inch.  This  un 
doubtedly  accounts  for  the  long  life  of  these  boilers,  as  it  is 
manifest  that  a  trilling  bit  of  corrosion  which  would  go  clear 
through  a  thin  tube  will  only  affect  these  thick  ones  half  as 
much,  and  will  still  leave  them  serviceable  for  a  long  time. 
The  great  trouble  with  the  Belleville  boiler,  compared  with 
most  other  coil  boilers,  is  its  weight.  We  shall  doubtless 
shortly  have  some  valuable  data  in  regard  to  this  particular 
boiler  from  the  experience  with  the  fast  express  steamers  on 
the  great  lakes,  which  are  to  tie  fitted  with  boilers  of  this  type. 

The  number  of  coil  boilers  is  almost  legion,  and  every  in- 
ventor brings  out  some  change  in  his  own  type  at  frequent 
intervals.  I  presume  it  would  be  safe  to  say  that  neatly  all 
that  are  designe  1  with  any  regard  to  a  good  circulation  will 
gi«e  good  results,  and  such  has  certainly  been  our  experience 
with  those  thus  far  used  in  our  Navy.  It  is  curious  to  ob- 
.  however,  how  ideas  change  in  regard  to  what  is  neces- 
lo  secure  a  good  circulation.  Mr.  Ward  has  always 
claimed  that  you  could  put  your  down  current  almost  any- 
where if  the  feed  went  into  it,  and  that,  of  necessity,  if  the 
water  went  up  in  some  tubes  it  must  come  down  in  others. 
For  awhile  Thorneycroft,  Mosher  and  some  others  provided 
downcast  pipes  entirely  outside  the  boiler,  but  they  have  now 
abandoned  that  plan. 

I  feel  that  I  must  apologize  for  the  incompleteness  of  this 
paper,  but  I  would  refer  those  who  desire  an  elaborate  investi- 
gation of  the  subject  to  the  paper  by  Mr.  Ward,  read  Ik  fore 
the  International  Engineering  Congress,  and  published  in  the 
Proceedings  of  the  Division  of  Marine  arid  Natal  Engineering 


and  .\  .iid  to  papers  read  last  year  and  this 

before  the  Institute  of  Naval  Architects  in  England,  by  Mr. 
.1.  T.  Milton.  Chief  Engineer  Surveyor  to  Lloyd's.  The  sub- 
ject is  a  thoroughly  live  one,  and  I  am  glad  the  Society  has 
taken  it  up.  A  number  of  our  members  have  much  greater 
personal  knowledge  of  the  characteristics  of  particular  types 
of  these  boilers  than  the  writer,  and  it  is  to  be  hoped  that  dur- 
ing the  discussion  on  this  subject  they  will  give  the  Society 
the  benefit. 

DISI  I  BSIOH. 

Mr.  Boyd  :  Several  years  ago  I  was  engineer  at  the  At- 
lantic Works,  ami  we  put  in  the  first  Belleville  boilers  that 
were  put  in  in  this  country.  They  were  put  in  the  yacht 
d  the  objection  then  raised  was  their  weight. 
We  had  no  very  good  comparison  at  the  lime,  but  those  boil- 
ers performeil  very  successfully.  One  winter  they  went  on  a 
cruise  to  the  Caribbean  Sea.  and  for  about  Ihree  weeks  they 
were  not  free  from  salt  water.  When  the  boiler  was  opened  I 
went  down  and  examined  the  tulies  carefully.  There  was  no 
deposit  of  salt,  and  there  were  no  apparent  detects  in  the 
boiler.  She  was  sold  about  two  years  ago  by  her  owner,  and 
I  thiuk  has  been  running  in  New  York  since  then.  The  owner 
of  the  vessel,  Mr.  Forbes,  built  a  yacht  of  about  double  the 
capacity,  and  he  put  in  two  Belleville  boileis  and  then  two 
small  donkey  boilers.  Those  boileis  have  been  in  use  now 
three  years,  anil  so  far  as  any  internal  or  external  examination 
can  be  made,  they  are  apparently  as  good  as  the  day  ihcy  were 
put  in.  We  are  so  much  interested  in  the  subject  in  Boston 
that  we  are  investigating  it,  and  probably  will  undertake  the 
building  of  Belleville  boilers  thereunder  the  Belleville  patents. 
From  our  experience,  without  going  intodelail  at  all.  we  think 
it  possesses  qualities  that  are  not  possessed  by  any  other  mul- 
titubular boilers.  The  experiments  made  by  the  Government 
on  the  Shearwater  were  made  to  test  the  rapid  evaporative  ilti- 
ciency  with  100  lbs  of  steam  only.  The  Belleville  system  is  to 
carry  from  200  to  250  lbs.,  and  then  through  a  reducing  valve 
to  reduce  the  pressure  in  the  engine.  I  think  they  are  to  carry 
250  lbs.  on  their  boilers  and  180  to  200  lbs  on  the  engines.  I 
am  very  sorry  that  I  did  not  think  of  coming  to-night  because 
I  might  have  brought  some  dates  in  regard  to  the  time  the  boil- 
ers have  been  in  use  and  the  repairs  on  them.  But  nothing,  I 
think,  except  the  renewal  of  gaskets  has  been  expended  on  any 
of  the  b  liters  I  speak  of.  I  am  sorry  to  say  I  cannot  say  how 
much  these  boilers  weighed  per  H.P.  I  think,  in  the  report 
published  by  the  Navy  Department,  that  they  gave  fully  all 
the  weight  that  was  credited  to  the  boilers,  and  my  impression 
is  that  it  weighed  between  15  and  20  per  cent,  of  what  the 
Scotch  boiler  would.  The  claim  is  that  when  the  pressure 
gets  to  200  lbs.  the  weight  of  the  ooiler  is  vi  ry  much  less. 

Mi:  11.  Dk  B.  Parsons  :  I  have  had  a  little  experience  with 
water-tube  boilers,  especially  in  yachts.  I  am  a  believer  in  the 
water  tube  types,  although  myremarks  would  probably  appear 
as  il  the  water-tube  type  was  not  the  best.  Yacht  boiler  Ber- 
ts probably  the  hardest  for  the  boilers  of  any  marine  ser- 
vice. The  consequence  is  that  the  boilers  in  a  yacht  of  the 
water-tube  type  do  not  usually  last  more  than  two  years.  At 
the  end  of  the  second  year  some  trouble  is  developed.  I  bad 
a  yacht  that  had  a  water-tube  type  boiler  of  the  Herresuoff 
pattern.  It  was  not  the  old-fashioned  Herreshoff,  fed  at  the 
top,  but  it  was  the  boiler  that  they  got  out  immediately  after 
that.  The  first  of  their  tvpe  fed  at  the  bottom.  The  boiler 
!  about  two  years,  and  the  third  summer  was  replaced 
with  a  boiler  of  another  design.  That  boiler  was  absolutely 
worthless;  and  my  services  were  retained  to  find  out. the 
trouble,  and  I  condemned  the  whole  thing  on  the  ground  that 
it  was  too  small  for  the  engine.  The  boiler  designer  had  so 
much  confidence  in  his  boiler  that  he  stretched  the  point  of 
H.P.  per  square  foot  of  grate,  and  in  consequence  we  could 
not  do  anything  with  it.  We  put  the  boilers  on.  The  yacht 
supposed  to  run  with  forced  draft,  and  I  took  it  over  the 
four-hour  trial  trip  as  specified,  and  nothing  was  i  >'  r  Been  of 
the  water.  I  trusted  to  the  Worthington  duplex  feed  pump 
and  to  the  engineer's  experience,  who  had  been  with  the  yacht 
about  three  years,  as  to  the  speed  the  pump  could  run  at,  and 
we  let  the  pump  go  at  that  speed,  every  now  and  then  feeliDg 
a  litl  le  cock  on  the  pump  to  see  if  it  was  pumping  water.  The 
engine  apparently  was  taking  steam  all  right  and  exhausting 
all  right  :  and  when  our  trial  was  over,  about  three  or  four 
minutes  after  the  engine  was  stopped,  the  water  came  back 
and  stood  about  an  inch  above  the  bottom  of  the  glass  gauge. 
During  the  four  hours  it  was  absolutely  out  of  sight  — never 
came  back  at  all  ;  you  couldn't  get  it  back  Everything  blew 
Steam.     The  boiler  was  condemned 

In  another  case  a  yacht  was  furnished  with  a  Ward  boiler 
which  wore  out  in  about  three  or  four  years.     I  was  retained, 
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and  the  owner  put  in  four  boilers  in  place  of  the  one  large 
Ward  boiler,  of  the  Roberts  type,  against  my  wishes.  The 
grate  surface  was  increased  from  about  56  to  64  sq.  ft.  with 
four  boilers.  Result  :  the  fire  room  was  so  hot  you  could  not 
stay  in  it  ;  and  as  the  boilers  backed  up  against  the  engine- 
room,  you  could  not  stay  in  the  engine-room.  The  biilers 
would  "give  no  steam  at  all.  The  engine  was  three-cylinder 
compound,  20  in.  X  24  iu.  for  the  high  pressure,  and  it  took 
more  steam  than  the  four  boilers  could  give.  The  consequence 
was  that  the  yacht  was  laid  up  all  summer  and  never  used. 
The  boilers  were  put  on  the  dock  and  replaced  with  the  old 
Scotch  boiler  which  I  recommended  originally.  Although  the 
grate  surface  is  only  50  sq.  ft.,  the  Scotch  boiler  gave  plenty 
of  steam  to  run  the  engine. 

The  residt  of  my  experience  from  these  cases  and  others  is 
this  :  If  you  are  going  to  use  a  water-tube  type  of  boiler,  you 
have  got  to  have  plenty  of  grate  surface.  They  need  more 
grate  surface  than  the  other  type.  I  know  they  will  stand 
foicing,  according  to  the  tests  ;  but  my  experience  does  not 
indicate  that  they  will  give  in  ordinary  practice  the  H.P.  per 
squire  foot  of  grate  that  you  can  get  out  of  the  old  fashioned 
boiler.  The  reason  of  that  is  probably  that  there  is  no  storage 
of  steam,  no  steam  space,  and  no  energy  stored  in  hot  water, 
and  the  consequence  is  when  the  steam  once  gets  down  you 
cann  >t  bring  it  up  very  well  ;  the  engine  will  take  it  faster  than 
it  is  made,  unless  you  have  boilers  of  ample  size.  My  first 
effort  in  boiler  designiug  was  an  absolute  failure.  It  was  such 
an  effort  as  most  young  men  make  in  attempting  to  design 
something  which  they  know  very  little  about.  I  undertook  to 
design  a  coiled  boiler.  My  ignorance  led  me  to  use  tubes  of 
different  sizes.  Result  :  the  small  tubes  evaporated  faster  than 
the  larger  ones,  and  the  consequence  was  that  there  was  some 
sort  of  circulation— I  don't  know  what.  But  the  boiler  acted 
very  strangely.  There  was  absolutely  no  water  to  be  found 
anywhere  in  it.  There  was  steam  iu  it,  but  where  the  steam 
came  from  I  do  not  know.  Being  the  designer,  I  had  to  sit 
up  with  my  creation,  and  it  was  no  pleasant  day  that  I  spent 
with  it  on  the  Hudson  River.  I  was  very  anxious  to  so  back 
to  the  dock  and  get  ashore  and  leave  it,  but  they  told  me  to 
keep  on.  They  had  not  said  the  word  more  than  twice  when 
there  was  a  terrible  rattling  inside  and  we  could  do  nothing 
with  it.  The  minute  we  would  start  again  the, small  tubes  ap- 
parently sucked  everything  out  of  the  large  ones  and  reversed 
the  operations  that  were  designed  to  take  place.  The  water 
was  forced  back  apparently  into  the  large  down  draft  tube  and 
there  it  stayed,  and  as  fast  as  it  came  out  it  was  evaporated 
and  the  steam  in  volume  held  it  back.  The  result  proves  to 
my  mind  that  you  need  a  large  water  tube  if  you  are  going  to 
use  one  for  the  sake  of  economy  and  for  the  sake  of  comfort, 
and  that  the  circulation  should  be  well  designed  so  as  to  work 
as  designed. 

Mr.  ICafer  :  The  design  of  water  tube  boilers  has  been  to 
make  steam  on  very  little  weight.  If  we  were  satisfied  lo 
make  it  as  wTe  were  thirty  or  forty  years  ago  there  would 
be  no  water  tubes  in  existence.  But  the  problem  now  is  to 
get  maximum  power  from  minimum  weight,  and  that  is  the 
problem  for  the  water-tube  boiler.  The  great  difficulty  in  the 
water-tube  boiler  is  to  get  it  perfectly  accessible.  With  tubes 
readily  removable  repairs  cau  be  easily  made,  and  it  should  be 
made  to  last  a  reasonable  length  of  time— not  to  last  the  length 
of  time  that  a  Scotch  boiler  will  last.  I  do  not  know  of  any 
one  boiler  iu  the  market  that  will  fulfill  all  the  conditions  and 
yet  have  maximum  power  for  minimum  weight.  The  great 
difficulty  with  designers  has  been  to  crowd  too  many  small 
tubes  in  the  space  Allotted  to  them,  and  for  that  reason  they 
want  to  get  rid  of  the  weight  of  water.  That  is  the  chief  ad- 
vantage "of  the  water  tube  boiler  having  small  tubes.  The 
Belleville  boiler  is  a  very  excellent  boiler  to  operate  under 
natural  draft.  But  if  you  will  take  a  box  coil  and  have  a 
hot  fire  under  the  lower  coil  and  burn  50  lbs.  of  coal  per 
square  foot  of  grate  you  will  find  trouble  before  you  get  up  to 
the  upper  end.  That  is  one  reason  why  a  Belleville  boiler  will 
weigh  more  than  a  Scotch  boiler,  or  nearly  as  much  as  a  Scotch 
boiler  of  the  same  relative  H.P.  under  forced  draft.  The 
Belleville  boiler  must  be  operated  at  a  lower  rate  of  combus- 
tion than  that  at  which  the  Scotch  boiler  can  operate  with  per- 
fect safety.  With  reference  to  the  other  types  of  boilers— Yar- 
row and  Thornycroft  and  others— they  all  depend  on  natu- 
ral circulation.  "  It  is  well  known  that  a  boiler  of  that  type 
will  hardly  evaporate  as  much  water  per  pound  of  coal  under 
ordinary  conditions  as  the  ordinary  Scotch  boiler.  But  if  you 
could  have  an  engine  on  the  outside  and  force  the  water 
through  the  tubes,  so  that  you  knew  when  the  shaft  was  turn- 
ing the  water  was  going  through  the  tubes,  you  would  accom 
plish  perfect  circulation,  and  yet  you  might  have  the  tubes  in 
such  a  position  as  not  to  have  corrosion  when  the  vessel  was 
laid  up. 


Mr.  Isiierwood  :  The  merits  of  the  water-tube  boiler  have 
been  very  clearly  slated  in  the  paper  read  by  the  secretary, 
and  its  principal  merit,  of  course,  is  the  lighter  weight.  The 
vital  defect  ab  nit  it— one  which  has  been  very  little  alluded  to 
heretofore,  if  known  at  all— is  that  it  is  impossible  to  obtain 
with  it  the  same  economic  evaporation  that  you  can  obtain 
with  the  ordinary  shell  boiler.  That  is  to  say,  if  you  make  the 
two  boilers — the  pipe  boiler  and  the  shell  boiler — both  with 
the  same  grate  surface  and  the  same  heating  surface,  and  burn 
the  same  quantity  of  coal  iu  both  per  unit  of  time,  it  will  he 
found  that  the  pipe  boiler  gives  about  10  percent,  less  eco- 
nomic evaporation.  That  is  to  say,  if  one  boiler  will  evaporate 
10  lbs.  of  water  to  the  pound  of  coal,  the  other  will  evaporate 
but  9  lbs.  Of  course  there  is  a  reason  for  this,  and  I  think  it 
is  very  easy  to  see.  It  arises  from  the  air  leakage  iu  the  case 
of  the  water-lube  boiler.  Iu  the  case  of  the  shell  boiler,  no  air, 
no  exterior  air,  can  get  mingled  with  the  gases  of  combustion. 
The  only  air  that  enters  is  that  entering  through  the  furnace 
iu  the  ash  pit  and  over  the  bed  of  coal  on  the  grate  through 
the  holes  in  the  furnace  door.  Every  particle  of  air  that  enters 
into  and  mingles  with  the  gases  of  combustion  after  they  have 
passed  over  the  bridge  wall  reduces  the  economic  evaporation 
of  the  boiler  very  largely.  In  the  first  place,  it  cools  those 
gases  so  that  they  do  not  have  the  temperature  upon  the  heal- 
ing surfaces  that  they  should,  consequently  cannot  give  the 
evaporation  ;  and.  in  the  second  place,  it  requires  a  certain 
quantity  of  heat  to  force  those  gases  out  against  the  resistance 
of  the  atmosphere,  the  opposing  resistance  at  the  top  of  the 
chimney,  which  is  also  at  the  expense  of  the  heat  of  the  coal. 
The  two  things  put  together  will  make  that  difference  about  10 
per  cent.,  as  I  have  stated,  of  the  economic  evaporation  of  the 
twutypesof  boiler.  There  is  no  practical  wavof  excluding  the 
air  leakage  ;  and  while  I  am  on  this  subject  I  will  say  that 
there  is  just  the  same  difference  of  10  per  cent,  in  boilers  set  in 
brickwork.  You  take  the  ordinary  boiler  with  straight  tubes 
aud  the  shell  and  you  set  it  in  brick-work.  Y'ou  have  a  brick 
furnace.  You  will  never  get  the  same  economic  evaporation 
from  it  as  with  a  shell  boiler— that  is,  the  Scotch  form  of 
boiler — for  the  simple  reason  that  there  will  percolate  through 
the  brickwork  setting  a  certain  quantity  of  air  very  much 
larger  than  any  one  would  suspect,  and  that  reduces  the  econo- 
my of  the  evaporation.  In  the  early  days  of  my  practice  as 
an  engineer  I  was  confronted  with  the  fact  that  all  the  boilers 
set  in  brick  masonry  gave  a  lower  economic  evaporation  than 
those  not  so  set.  Iu  other  words,  that  the  interior  fired  boiler 
gave  a  higher  evaporation  than  the  exterior  tired  boiler.  I 
made  quite  a  table  of  the  results  from  all  the  boilers  of  the  two 
types  that  I  could  obtain.  A.  very  great  many  of  those  experi- 
ments were  made  by  me.  and  I  took  the  mean  of  them  and  1 
found  that  they  approached  .the  10  per  cent,  very  closely.  I 
did  not  at  that  time  know  the  reason.  I  had  not  the  faintest 
idea  of  it.  I  thought  it  was  something  in  the  type  of  boiler. 
But  really  I  could  not  reconcile  it.  I  had  the  same  grate  sur- 
face, heating  surface  and  combustion  of  coal  in  both  cases.  I 
could  not  see  why  this  difference  should  be  for  a  long  while. 
But  the  difference  was  there  as  a  practical  fact,  and  it  was 
caused,  as  I  afterward  ascertained,  by  what  I  have  stated— the 
iu-leakage  of  air  into  the  gases  of  combustion,  cooling  them 
aud  requiring  more  expenditure  of  heat  to  expel  them  from 
the  chimney. 

Now,  let'us  see  what,  in  a  ship,  a  difference  of  10  per  cent, 
in  the  evaporation  of  the  boiler  means.  It  means  a  good  deal 
more  than  appears  on  the  surface.  To  develop  the  same 
power  for  the  same  length  of  time,  you  have  got  to  carry  10  per 
cent,  more  coal  in  your  bunkers.  If  you  have  a  vessel  that 
carries  1,000  tons  of  coal  in  its  bunkers  it  has  got  to  carry  1,100 
tons  if  you  replace  theshell  boiler  with  the  pipe  boiler.  Now, 
that  difference  of  10  per  cent,  of  course  becomes  more  impor- 
tant as  you  carry  more  and  more  coal  and  make  longer  and 
longer  voyages.  That  difference  goes  very  far  to  counterbal- 
ance the  saving  of  weight  with  "the  water-lube  boiler,  of 
course  upon  the  land,  where  the  weight  is  of  no  importance, 
you  simplv  lose  youi  10  per  ceut.  of  fuel.  But  on  a  ship  you 
not  only  lose  that,  as  far  as  cost  is  concerned,  but  you  have 
got  to  carry  this  extra  weight,  and  if  you  do  not  carry  it  you 
have  reduced  the  steaming  efficiency  of  your  vessel  that 
much. 

In  addition  to  this  iu-leakage  of  air.  the  radiation  from  the 
water  tube  boiler  is  very  much  greater  than  from  the  shell 
boiler.  In  the  case  of  the  shell  boiler  the  temperature  is  that 
of  the  water  inside  of  the  boiler  ;  that  is,  the  temperature  which 
is  on  one  side  of  the  shell,  the  atmospheric  temperature  being 
upon  (he  other.  In  the  ease  of  a  water-tube  boiler  the  tern 
perature  of  tin-  gases  of  combustion  is  upon  one  side  of  the 
shell  or  easing,  and  the  same  temperature  of  the  atmosphere 
on  the  other.  The  radiant  heat,  in  a  vessel  with  a  water-tube 
boiler  is  intense  compared  with  the  radiant  heat  from  the  ordi- 
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nary  shell  boiler.  Those  are  facts  that  have  to  be  met,  and  we 
have  to  account  for  them  in  designing  boilers.  For  small  ves- 
sels, launches,  torpedo  boats,  aud  that  class  of  vessels,  you 
have  generally  but  one  boiler,  and  you  have  plenty  of  aircir- 
culation  around  it  where  it  can  be'  kept  clean  and  well  cared 
for.  If  any  repairs  are  to  be  made,  it  can  be  hoisted  out  by  a 
few  men  on  the  dock  and  put  back  again.  But  it  is  a  very 
different  thing  when  you  put  an  enormous  power  into  a  vessel 
and  boilers  of  this  type.  As  a  general  rule,  they  will  probably 
last,  under  ordinary  circumstances  of  sea  practice,  from  two 
to  three  years.  It  is  difficult  to  understand  that  they  can  last 
longer  than  that.  I  am  aware  that  some  boilers,  like  tin  I 
trie's  and  a  few  otheis,  have  lasted  much  longer;  but  why! 
They  have  been  protected  by  /inc.  Large  quantities  of  zinc 
have  been  put  into  them  according  to  the  practice  of  the 
Thornycroft  people  and  others  building  those  boilers.  That 
answers  very  well.  But  it  is  very  expensive.  The  simple  ques- 
tion is.  Will'  you  pay  in  zinc  or  will  you  pay  in  boiler?  But 
you  have  got  to  pay  for  the  thing  one  way  or  the  other.  In 
the  ease  of  a  water-tube  boiler  with  its  thin  outside  casing  of 
sheet  iron,  apart  from  the  great  loss  of  heat  by  radiation,  there 
comes  the  difficulty  of  repairing.  Any  person  who  has  exam- 
ined those  boilers  and  has  seen  the  wilderness  of  small  tubes  in 
them,  the  impossibility  of  getting  at  any  one  of  them  or  at 
their  joints,  will  see  that  to  repair  one  you  have  got  to  lift  it 
out  as  a  general  rule.  You  cannot  find  the  place.  It  may 
happen  to  be  an  outer  or  an  inside  tube,  and  you  can  see  it"; 
but  if  it  is  any  of  the  interior  tubes  that  leaks  it  is  impossible 
to  tell.  In  the  case  of  a  vessel  that  is  a  very  serious  piece  of 
business  to  have  your  boilers  break  down  all  at  once  at  sea 
What  is  required  is  durability.  That  is  a  very  important 
point.  In  the  case  of  the  ordinary  Scotch  boiler,  in  which  iron 
tubes  or  steel  tubes  will  last  from  two  to  three  years,  you  can 
always  see  when  your  tubes  are  going.  It  is  only  a  matter  of 
eyesight,  and  they  are  easily  replaced.  They  are  a  straight 
tube.  Your  fireman  can  replace  them  with  very  little  trouble. 
But  it  is  a  very  difficult  thing  in  a  water-tube  boiler  in  a  large 
vessel,  where  you  have  to  break  all  the  connections,  piping, 
everything,  and  actually  lift  the  whole  affair  out,  amounting 
to  almost  a  reconstruction  each  lime  you  attempt  to  make  ex 
tensive  repairs.  Of  course  these  are  facts  which  will  probably 
develop  as  these  boilers  come  more  and  more  into  use,  and  I 
hive  no  doubt  they  will  come  into  use,  but  not  permanently. 
I  have  very  great  doubts  of  that  for  anything  like  seagoing 
vessels.  But,  like  all  other  physical  subjects,  we  must  depend 
on  practice  and  experience  for  that  purpose.  The  tubes  of  an 
ordinary  tubular  shell  boiler  will  last  from  two  to  three  years. 
and  there  is  no  imaginable  reason  why  they  should  last  any 
longer  in  the  water-tube  boiler,  if  as  long.  The  old  Martin 
boilers  which  we  had  in  the  Navy  had  vertical  water  tubes 
■laced  in  the  tube-box.  When  those  tubes  were  made  of  iron 
the  lower  0  to  9  in.  began  to  rust  out  in  less  than  a  year.  You 
had  to  commence  renewal  at  about  that  time,  and  continue  it 
constantly  until  they  were  all  renewed.  The  upper  part  of  the 
tube  was  not  touched.  They  were  as  good  as  new.  The  lower 
part  was  entirely  gone.  Now,  why  was  it  1  Simply  this:  the 
lower  portion  of  the  tubes  was  in  ashes -the  ashes  from  the 
coal  deposited  in  that— and  every  lime  the  boilers  were  cooled 
down  there  was  a  deposit  of  moisture  en  the  surface  of  the 
tubes  which  trickled  down  into  this  ash  and  made  a  veTy  cor- 
rosive lye,  an  alkaline  solution  which  corroded  the  tubes  very 
rapidly.  Now.  why  should  not  this  result  take  place  in.  we 
will  say,  the  Thomycroit  boilers;  in  which  the  lower  parts  of 
the  tube.-  are  vertical  V  They  are  inaccessible  for  cleaning  ; 
the  ash  and  soot  must  collect  and  they  must  be  damp  at  times, 
aud  there  must  be  the  same  alkaline  solution  there  that  there 
was  in  the  Martin  boiler,  on]}-  much  more  so.  and  why  should 
it  not  produce  the  same  effect  of  eating  out  the  lubes  ?  These 
are  all  matter-  which  future  experience  will  have  to  solve,  but 
they  are  very  important  ones,  and  lead  us  not  to  be  too 
guine  on  the  success  of  the  new  class  of  boilers. 

With  regard  to  the  Belleville  boiler,  that  was  tir-t  used  in 
the  French  Navy  as  far  back  as  the  days  of  Napoleon  III.  lis 
use  CO leneeil  then.  It  was  put,  I  think,  in  some  half-a- 
do/en vessels,  and  I  do  not  know  that  the  type  of  boiler  has 
been  modified  at  all  since.  That  which  was  put  in  the  Shear- 
was  exactly  the  same  as  used  in  the  earlier  French  ves 
sels,  and  every  one  of  them  waa  taken  out.  A  number  Of  yean 
ago  I  was  in  France  and  visited  every  French  dockyard",  and 
I  conversed  very  freely  with  the  French  engineers  stationed 

there.      Their    opinions    to   a    man    were   against    that    type  of 

boiler.  They  were  all  removed  fiom  the  vessels.  Since  that 
they  have  been  reintroduced,  and  with  what  success  it  i-  in,; 
ble  for  me  to  say,  because  the  most  instructive  of  such  trials 
rarely  ever  reach  the  world.  I  mean  the  failures.  We  hear  all 
about  the  successes,  but  we  bear  nothing  of  the  failures  ;  and 
that  is  one  of  the  great  difficulties  we  have  in  engineering,  in 


getting  at  the  correct  statement  of  facts.  Nevertheless,  I  think 
that  the  Navy  should  make  large  experiments  on  this  type 
of  boiler  ;  build  one  of  that  type,  try  it  thoroughly,  stop  at  no 
expense  on  it,  because  the  subject  is  well  worthy  the  cost.  But 
thus  far  we  have  not  had  an}-  such  experiments,  not  complete 
enough  or  extensive  enough  to  enable  us  to  form  a  real  opin- 
ion upon  it. 

As  regards  the  forcing  of  that  type  of  boiler,  it  can  be  forced 
to  any  extent  from  the  simple  fact  that  tin  tube-  are  curved 
so  that  any  difference  of  expansion  does  not  injure  the  joints, 
but  the  tube  merely  curves  or  straightens  more,  while  the  joint 
remains  unaffected,  nor  is  the  tube  at  all  injured.  In  the 
Scotch  boiler  we  have  a  straight,  rigid  tube,  and  whenever  the 
temperature  of  that  tube  becomes  much  greater  than  the  tem- 
perature of  the  water  which  surrounds  it,  it  is  sure  to  expand 
and  force  the  tube  ends  through  the  tube-plates.  That  has 
always  been  the  result  when  the  attempt  is  made  to  force  com- 
bustion in  a  Scotch  boiler  beyond  40  or  47  lbs.  of  coal  per 
square  foot  of  grate  per  hour,  which  is  the  maximum  rate  of 
combustion  possible  with  it. 

In  the  British  Navy  the  attempt  was  made  to  go  beyond 
that,  aud,  as  all  the  world  knows,  it  was  a  failure.  The  boil- 
ers leaked  a  deluge  the  moment  that  rate  of  combustion  was 
passed.  Then  it  was  stated  that  by  means  of  a  species  of  fer- 
rules they  succeeded  in  overcoming  that  difficulty.  Well,  that 
was  one  of  the  little  romances  that  are  sometimes  used  to  cover 
a  failure.  The  truth  is,  the  so-called  ferrules  did  no  good 
whatever,  and  the  proof  of  it  was  ihe  fact  that  they  were 
obliged  to  lessen  the  rate  of  combustion  down  to  a  point  some- 
where in  the  neighborhood  of  from  40  to  45  lbs.,  which  is  now 
the  maximum  at  which  those  boilers  are  perfectly  safe,  while- 
above  it  they  are  not. 

These  are  about  all  the  facts  we  have  to  go  by  ;  and  what 
we  want  now  are  careful  experiments  made  by  competent  peo- 
ple here  in  America,  where  we  know  the  persons  and  can  wit- 
ness the  processes.  The  subject  is  a  very  important  one  in- 
deed, and  I  would  be  the  last  one  to  throw  cold  water  upon  it. 
Still.  I  think  the  chances  of  ultimate  success  are  much  better 
when  all  the  difficulties  are  known  in  advance  and  can  be 
calmly  and  deliberately  provided  against. 

Mr,  Ei  ki.ey  B.  Coxfi  :  I  wanted  to  ask  whether  anybody 
knows  what  effect  the  increasing  or  decreasing  the  amount  of 
coal  consumed  per  square  foot  of  grate  surface,  or  the  burning 
of  coal,  has  on  the  relation  of  the  temperature  of  escaping 
gases  ;  and  secondly  upon  the  relation  of  the  carbonic  oxide 
and  the  free  oxygen.  From  experiments  I  have  made  lately  I 
am  satisfied  that  a  great  many  of  the  wonderful  divergences 
that  are  found  in  experiments  on  boilers  are  due  to  the  fact 
that  that  relation  between  the  free  oxygen  and  the  carbonic 
acid  and  carbonic  oxide  varies  very  considerably.  I  have  re- 
cently, in  an  experiment,  had  as  high  as  15  per  cent,  carbonic 
acid  and  no  carbonic  oxide.  I  have  also  had  as  much  as  about 
!l  per  cent,  carbonic  acid  and  8  per  cent,  of  free  oxygen,  and 
still  nearly  2  per  cent,  of  carbonic  oxide.  Now,  it  is  not  nec- 
essary to  tell  anybody  that  that  will  make  a  good  deal  of  dif- 
ference in  evaporation.  The  reason  that  I  ask  the  question  is 
that  I  cannot  find  much  about  the  subject  anywhere,  and  I 
would  like  to  know  about  it.  The  question  with  me  is  this  : 
When  you  are  burning  30,  35  or  40  lbs.  you  force  that  up  to 
45  or  SO  lbs.,  how  does  the  relation  between  the  CO,  the  CO' 
and  the  free  oxygen  change  ? 

Mit.  Ibhrrwood  :  I  think  I  can  answer  the  question  in  part 
— that  is,  the  relation  of  the  different  gases  of  combustion  de- 
pends altogether  on  the  thickness  of  the  bed  of  coal  upon  the 
grate  surface.  If  the  thickness  of  the  bed  of  coal  does  not  ex- 
ceed 12  in.  in  one  direction  and  6  in.  in  the  other,  it  will  be 
found  that  there  is  practically  a  perfect  combustion  with  coal 
of  the  ordinary  lump  size,  and  that  just  twice  the  quantity  of 
oxygen  or  atmospheric  air  has  been  supplied  that  is  chemically 
required.  If  you  will  simply  increase  the  depth  of  the  coal  on 
tie  grate  bars  you  can  have  any  proportion  between  carbonic 
acid,  carbonic  oxide,  unconsumed  air  and  free  oxygen  lhat  you 
like.  If  you  will  make  sufficient  grate  you  will  get  the  ordi- 
nary gasogen,  in  which  nearly  the  whole  of  the  carbon  of  the 
coal  is  converted  into  carbonic  oxide.  The  temperature  of 
combustion  is  entirely  independent  of  its  rapidity.  The  tem- 
perature of  all  fires  at  the  surface  of  the  coal  is  exactly  the 
-inn-,  and  you  will  have  perfect  combustion  if  you  will  keep 
within  those  limits  of  thickness.  Oood  firing  consists  in  know- 
ing what  those  limits  are  and  keeping  within  them.  Some 
particular  fireman  or  some  particular  watch  of  firemen  do  a 

great  deal  better  than  Others.  They  carry  the  same  steam 
with  very  much  less  fuel,  and  if  you  watch  them  you  will  find 
the  reason  very  plainly.  They  have  found  out  by  practice  the 
exact  thickness  of  the  bed  of"  coal  that  gives  them  the  maxi- 
mum result,  and  they  adhere  to  that.  Other  firemen,  less  ob- 
serving, do  not  know  that  aud  violate  the  rule,  and,  of  course, 
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make  a  great  deal  of  carbonic  oxide  and  lose  a  great  deal  of 
the  economic  effect.  But  the  whole  question  is  simply  one  of 
thickness  of  coal  on  the  grate-bars.  By  varying  that  you  can 
obtain  just  any  ratio  of  those  gases  among  themselves  that  you 
desire. 

Mr.  McBride  :  I  happen  to  have  in  my  pocket  the  analysis 
of  the  gases  of  some  boilers  that  I  am  running.  I  find  that 
the  amount  of  carbonic  acid  gas,  carbonic  oxide  and  oxygen 
can  be  varied  to  almost  any  extent  you  waul  by  increasing  or 
decreasing  the  amount  of  air  admitted  to  the  ash-pit :  CO';,  15.6  ; 
oxygen,  3  3  ;  CO,  one-tenth  of  one  per  cent.  ;  carbonic  acid,  17  ; 
one-half  of  one  per  cent,  of  oxygen  and  5.1  of  carbonic  oxide. 
Now,  in  that  particular  case  I  did  not  have  oxygen  enough  ad- 
mitted to  the  ash  pit,  so  I  gave  it  more,  and  I  immediately 
brought  down  the  carbonic  oxide  to  one-tenth  of  one  per  cent. 
This  is  burning  a  by-product  which  we  have— logwood  chips. 
It  is  nearly  50  per  cent,  water.  Here  is  one  of  coal  :  Carbonic 
acid,  11.48  ;  oxygen,  2.7  ;  carbonic  oxide,  1.6. 

I  use  the  Elliott  gas-testing  apparatus,  and  I  make  analyses 
of  the  gases  every  few  days.  I  find,  when  the  boilers  are  not 
making  steam  as  they  ought,  by  an  analysis  of  the  gases,  a  large 
amouut  of  carbonic  oxide  going  to  loss  and  not  sufficient  oxy- 
gen. I  can  regulate  it  very  nicely  by  increasing  or  decreasing 
the  amount  of  fuel  burned  and  by  regulating  the  air. 

Mr.  Forney  :  I  will  inquire  if  any  one  present  has  any  data 
with  reference  to  the  water  capacity  of  water-tube  boilers  in 
proportion  to  the  quantity  of  fuel  consumed.  It  has  seemed  to 
me  from  the  general  drift  of  the  papers  on  this  subject  that 
some  difficulty  in  the  operation  of  water  tube  boilers  was  ex- 
perienced from  the  fact  that  the  water  capacity  of  the  boiler 
was  so  extremely  small  in  proportion  to  the  old-fashioned 
shell  boiler,  and  that  naturally  led  me  backward  to  the  experi- 
ence in  locomotives,  which,  as  you  know,  years  ago  were  of 
small  dimensions,  and  as  traffic  and  business  increased  the  de- 
mands upon  the  locomotives  increased  in  somewhat  like  pro- 
portions, but  the  size  of  the  boilers  unfortunately  did  not. 
Now  I  think  it  has  been  proved  a  great  many  times  in  locomo- 
tive practice  that  the  increased  water  capacity  is  a  decided  ad- 
vantage in  the  operation  of  the  locomotive  and  the  boiler.  I 
may  relate  a  little  experience  which  has  already  been  in  print, 
but  which  may  be  new  to  most  of  you,-  that  I  had  some  years 
ago  with  some  engines  built  for  a  Western  railroad,  and  which 
had  what  we  called  straight-top  boilers — that  is,  there  was  no 
wagon-top  for  steam  space,  and  the  boilers  were  of  compara- 
tively small  diameter.  Those  engines  were  put  to  work,  and 
gave  considerable  trouble.  They  would  not  make  steam,  and 
they  did  not  do  their  duty  properly.  Finally  a  trial  was  made 
of  those  engines  with  some  others  which  had  boilers  of  a  larger 
diameter  and  wagon-tops  of  considerable  height  to  give  steam 
room,  and  they  were  run  in  competition,  taking  alternate  trains 
every  other  day.  The  result  was  that  the  straight-topped 
boiler  was  very  badly  beaten.  The  method  of  operating  was 
this  :  The  large  boilers,  having  a  large  water  capacity  and  plenty 
of  steam  room,  on  approaching  a  heavy  grade  were  pumped 
as  full  as  it  was  possible  to  carry  the  water  without  working 
the  water  through  the  cylinders.  The  result  was  that  in  com- 
ing to  a  difficult  place  in  the  grade  the  engineer  could  shut  off, 
or  partly  shut  off.  his  water  supply,  and  work  up  the  hot  water 
which  was  stored  up  in  the  boiler  to  a  certain  extent.  This 
gave  him  a  reserve  power  that  he  could  fall  back  upou.  I  am 
aware,  of  course,  that  marine  engines  and  boilers  are  not  called 
upon  to  work  under  as  many  different  degrees  of  power  as 
locomotives  ;  but  at  the  same  "time  it  seems  to  me  that  a  large 
water  capacity  must  be  a  matter  of  considerable  importance 
even  in  marine  boilers,  and  inasmuch  as  the  water  capacity  of 
water-tube  boilers  is  very  much  less  than  of  cylinder  boiiers, 
that  it  must  be  a  matter  worthy  of  attention.  I  may  add  that 
I  have  in  my  hand  a  letter  wh  a  I  have  received  from  Mr. 
Hazelhurst,  Superintendent  of  Machinery  of  the  Baltimore  & 
Ohio  Kailroad,  in  which  he  gives  me  the  water  capacity  of  an 
engine  on  that  road.     Mr.  Hazelhurst  says  : 

"  It  gives  me  pleasure  to  furnish  you  the  information  as  to 
the  water  capacity  of  engine  937.  which  is  the  one  that  we  test- 
ed on  the  17-mile  grade,  burning  some  192  lbs.  of  coal  to  the 
square  foot  of  grate  per  hour.  The  results  given  are  actual 
results,  and  are  not  calculated,  the  engine  being  weighed  with 
the  water  at  the  different  gauges  and  when  full  : 

Capacity  of  Cold  Water 

in  Boikr.  Ll».  lub.  Ft. 

Full  to  whistle ...   14,400  230.93 

Fourth  gauge 11.100  17s.oi 

Third  gauge 10,400  L66.78 

Seco ml  gauge 10.050  161.17 

First  gauge 9,300  147.54 

Steam  space  with  three  gauges  of  water 64.15 


"  The  outside  diameter  of  boiler  at  smallest  ring  is  54  in.  ; 
height  of  wagon-top,  8  in.  ;  and  square  feet  of  grate  surface, 
2-.tl3." 

Mr.  Almv  :  I  would  say  in  regard  to  the  weight  of  water  in 
a  tubulous  boiler  that  has  been  in  use  some  three  years,  that 
the  weight  of  water  is  about  If  lbs.  per  square  foot  of  heating 
surface.  This  boiler  develops  272  indicated  H.P.  on  3±  in.  air 
pressure,  and  weighs  about  54  tons.  There  is  trouble  to  main 
tain  the  water  in  it  and  carry  a  steady  steam  pressure.  It  runs 
with  about  225  lbs  steam  pressure,  and  has  been  run  at  250 
lbs.  I  have  one  boiler  that  I  built  four  and  one-half  years  asro 
that  weighed  6,500  lbs.  that  had  1,400  lbs.  of  water.  That  has 
run  about  75,000  miles,  developing  140  indicated  H.P.,  and  it 
shows  an  economy  over  a  tubular  boiler  of  13  per  cent,  in  four 
and  one  half  years.  In  regard  to  the  heat  of  the  outside  cas- 
ing, the  temperature  is  about  120°. 

Professor  Htjtton  :  For  the  credit  of  my  old  friend  and 
colleague,  Professor  Trowbridge,  I  should  like  to  refer,  in  this 
discussion  of  water-tube  boilers,  to  a  boiler  which  he  designed 
and  which  was  experimented  with  far  some  time  at  New 
Haven,  and  which,  I  think,  deserved  a  better  fate  than  it  has 
received.  Professor  Trowbridge's  coil  boiler  was  a  spiral  coil, 
built  very  much  upon  the  design  of  a  base-burning  stove.  The 
hopper,  which  was  intended  to  be  a  magazine  feed  for  the 
boiler,  came  down  in  the  middle,  and  this  coil  of  pipe  surround- 
ed it.  But  the  special  feature  of  interest  in  that  boiler  was 
the  forced  circulation  to  which  reference  has  been  made.  The 
feed  pump  of  the  boiler  was  not  only  a  feed  pump  but  a  circu- 
lating pump,  so  that  the  water  which  was  to  be  evaporated 
was  kept  continuously  circulated  in  the  evaporating  coil,  and 
was  delivered  from  the  top  of  that  coil  into  a  little  bit  of  a 
steam  space  from  which  the  engine  took  its  supply.  As  a  re- 
sult of  the  design  and  that  feature  of  forced  circulation  in  the 
boiler,  a  little  bit  of  a  boiler,  which  you  could  cover  with  a 
flour  barrel,  was  competent  to  run  a  40-ft.  launch,  and  they 
got  a  surprising  amount  of  efficiency  from  it  without  so  much 
reference  to  economy.  But  the  quantity  of  steam  that  little 
machine  would  make  was  surprising.  Professor  Richards,  of 
,the  Sheffield  School,  made  an  elaborate  investigation  of  it.  It 
was  the  aim  to  supply  the  demand  for  a  boiler  which  should 
be  practically  self  managing— that  would  require  no  more  at- 
tention from  anybody  than  a  base-burning  stove.  You  filled 
it  in  the  morning  and  you  filled  a  magazine  of  water,  and  it 
was  to  be  self-feeding  and  keep  its  level  constant  until  some- 
body thought  of  looking  at  it  again,  with  the  idea  that  in  print- 
ing offices  and  other  places  in  the  country  such  a  thing  would 
be  useful.  Financial  and  other  reasons  prevented  the  thing 
from  getting  the  opportunity  that  I  would  have  been  glad  to 
see  for  it.  But  the  device  showed  the  principle  of  forced  cir- 
culation in  a  coiled  boiler  of  that  type. 

Mb.  Parsons  :  The  tendency  of  the  meeting  seems  to  be  to 
lay  stress  on  the  earlier  wearing  out  of  the  tubes  in  the  water- 
tube  type  compared  with  the  fire-tube  type.  That  has  not 
been  my  experience.  The  ri  .son  that  I  have  given  to  myself 
I  should  like  to  state  as  a  suggestion,  as  I  have  never  seen  it 
offered  by  any  one  in  discussing  the  subject  of  water-tube  boilers. 
While  the  conditions  would  not  seem  to  warrant  much  change  in 
the  two  types  of  boiler,  the  conditions  are  exactly  reversed  ;  the 
water  "none  side  in  one  type,  the  products  of  combustion  in  the 
other  t_,  pe.  We  know  that  it  is  impossible  3  make  a  sheet  of 
metal  absolutely  homogeneous.  We  know  that  because  it  does 
pit  irregularly.  If  it  was  absolutely  homogeneous,  uniform  in 
its  character,  there  is  no  more  leason  why  a  pit  should  lake 
place  in  one  place  than  in  another.  But  we  know  the  metal  is 
not  homogeneous.  That  sheet  of  metal  which  is  shown  here 
in  section  is  drawn  into  a  tube  the  thickness  of  which  I  have 
exaggerated.  The  metal  is  compressed  on  this  side  and  length- 
ened on  that.  If  this  is  the  fire  side  it  meets  the  compressed 
metal.  If  it  is  the  water  side,  the  fire  side  meets  the  stretclu  d 
metal,  and  I  have  attributed  the  earlier  loss  of  life  as  due  to 
that  cause.  I  offer  it  as  a  suggestion.  It  may  not  be  new  ; 
but  I  have  never  seen  it  offered  before,  and  if  I  am  wrong  I 
would  like  to  be  corrected.  The  tire  tube  lasts  longer  appar- 
ently than  the  water  tube,  and  the  condition  is  reversed.  The 
elongated  metal  in  one  case  is  next  to  the  products  of  combus- 
tion and  subject  to  the  deleterious  action  of  the  gases  ;  while 
if  the  gases  pass  through  the  tube  they  are  acting  on  the  com- 
pressed side.  If  the  metal  is  pulled  apart,  and  if  it  is  granu- 
lar or  fibrous,  the  gases  would  have  more  of  a  chance  to  enter 
in  and  start  the  action.  We  all  know  that  corrosion,  once 
started  continues  very  rapidly. 

Mi:.  Hknnim;  :  I  think  this  effect  is  explained  much  more 
readily  oil  another  theory.  If  we  take  a  tire  tube,  the  ashes 
and  sulphurous  acids  thai  are  formed  by  the  moisture  in  these 
ashes  deposited  by  tin-  tires,  or  the  lye  alkalines  that  are 
formed,  will  corrode  the  tire  lube  inside.  If  it  is  a  water  tube, 
the  water  is  inside  and  the  fire  outside  and  the  tension  side  of  the 
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metal  « ill  corrode  before  the  other.  1  think  that  is  the  reason 
of  it.  I  il  1  not  think  that  the  hot-formed  tube  has  any  com- 
pression or  tension  on  either  side  of  the  metal,  because  the  an- 
nealing effect  of  the  slowly  cooling  tube;  will  make  the  mate- 
rial perfectly  uniform  on  both  sides. 

M11.  Sewell  :  I  would  like  to  ask  if  it  is  well  known  that 
tubes  will  last  longer  as  tire  tubes  than  as  water  tubes.  I  saw 
a  tube  some  time  ago  that  had  been  in  use.  sav  15  years,  running 
nearly  '-'4  hours  a  day.  It  was  taken  out,  and  you  could  hardly 
tell  that  the  tube  ha  1  been  used.  There  appeared  to  be  d  i 
detrimental  action  taken  whatever.  Is  it  absolutely  known  to 
be  a  fact  that  the  statement  that  is  made  is  true  1 

Mr.  Forney  :  The  statement  that  has  been  made  this  even- 
ing is  a  very  interesting  one  with  reference  to  the  reasons  why 
water  lubes  corrode  mire  rapidly  than  lire  tubes.  It  has  been 
proposed  quite  a  number  of  years  ago  that  metal  under  a  state 
of  tension,  if  exposed  to  any  corrosive'iutluences.  would  cor- 
rode  much  more  rapidly  than  if  it  was  not  in  a  state  of  tension 
Now  this  shows.  I  think)  from  the  way  in  which  boilers  will 
corrode  along  the  caulking  edge  just  at  the  point  at  which  the 
tension  on  the  metal  is  greatest.  1  remember  some  years  ago 
I  made  an  experiment  by  getting  some  rubber  plates  or  rubber 
sheets  which  were  about  the  thickness  of  boiler  plates,  and 
fastening  them  together  precisely  in  the  same  way  as  boiler 
plates  are  fastened,  and  then  subjecting  them  to  tension.  Be- 
fore doing  this  I  drew  a  couple  of  lines  across  the  edge  of  the 
rubber,  so  that  I  could  see  the  way  in  which  they  stretched. 
That,  for  instance  (referring  to  a  sketch),  is  supposed  to  be  a 
section  of  a  plate.  I  used  a  bolt  instead  of  a  rivet  in  this  case, 
and  held  them  together  in  that  way.  Now,  before  subjecting 
them  to  tension,  I  drew  two  fine  lines  across  there,  parallel 
lines,  right  at  this  point,  and  then  stretched  the  rubber  so  as  to 
draw  them  apart.  When  it  was  stretched,  the  lines  assumed 
this  shape.  Thev  were  curved  in  that  way,  showing  that  the 
rubber  at  that  point  was  subjected  to  a  greater" amount  of  ten- 
sion than  at  any  other  poiut,  and  that  it  was  not  stretched  uni- 
formly. That  action  no  doubt  takes  place  in  a  lap  joint  where 
Hie  plates  are  subjected  to  that  tension,  and,  as  you  know,  the 
corrosion  takes  place  right  at  that  point. 

";There  is  another  fact  that  throws  a  little  light  on  that,  and 
that  is  the  corrosion  of  steam  chests.  In  locomotives,  when 
they  formerly  used  tallow  for  lubrication,  which  had  a  corro- 
sive matter  in  it,  the  steam  chests  would  corrode  around  in  the 
corners.  It  would  eat  away  into  the  corner  of  the  steam  chest. 
You  are  all  familiar  with  the  rapidity  with  which  boiler  stays 
will  sometimes  corrode.  I  think  the  reason  for  that  very  often 
is  that  they  are  under  a  state  of  great  tension,  anil  in  that  con- 
dition corrosion  takes  place  much  more  rapidly  than  otherwise. 
The  experiment  would  not  be  a  difficult  one  to  make  to  sub- 
ject wire  or  other  pieces  of  metal  to  tension  and  expose  them 
to  some  corrosive  Quid,  and  it  would  be  very  interesting  in  this 
connection. 

PROFESSOR  HdtTON  :  This  affords  a  very  good  example  of 
how  possible  it  is  to  look  at  the  same  thing  from  different 
standpoints  I  think  that  there  is  quite  a  different  explanation 
of  that  phenomenon.  There  (referring  to  the  sketch)  is  the 
boiler  plate  with  tension  on  this  side  and  tension  on  that.  The 
tendency,  therefore,  of  these  two  sheets  is  to  produce  just  that 
effect  before  the  thing  would  break.  What  would  happen 
would  be  that  there  is  formed  naturally  from  the:  water  a  scale 
of  sesquioxide  of  iron,  and  that  surface  is  successively  broken 
off  and  sn  a  gro  ive  is  eaten  in.  I  do  not  think  that  the  boiler 
li  in-  under  tension  is  the  explanation,  but  that  the  scale  of 
iron  being  broken  off  is  the  explanation. 

"  Mit.  FORNEY  :  That  is  only  another  way,  it  seems  to  me,  of 
saying  that  in  tension  corrosion  takes  place  more  rapidly.  I 
do  not  know  whether  it  is  chemical  action  or  mechanical 
action. 

Ma.  Coxe  :  In  the  anthracite  coal  region  we  have  had  some 
difficulties  that  bear  upon  this  subject.  The  practical  fact  is 
that  you  will  find  thai,  at  a  joint,  either  the  rivets  go  or  the 
b  tiler,  but  not  l>  >th  There  is  an  electrical  action.  That  is  to 
say,  the  difference  in  the  quality  of  the  iron,  which  will  form 

a  couple.  I  have  seen  boilers  with  every  rivet  eaten.  You 
will  find  where  there  is  a  good  supply  of  sulphuric  acid  in  the 
feed  water  that  you  either  cat  your  rivets  off  or  you  eat  your 
boiler.  Verv  seldom  both.  I  should  say,  if  you  examined 
those  stay  bolts  that  Mr.  Forney  referred  to,  you  would 
find  they  were  chemically  different.  Von  would  find  they 
were  softer  or  more  easily  acted  on  than  the  iron  of  the 
boiler. 
Mr,   Forney  :  Before  adjourning,  I  would  like  to  say  a 

word.  A  >  announced  in  the  notice  of  this  meeting,  this  is  the 
last    one-   of    the   series  of  meetings  held    lor  the  discussion  of 

technical  subjects,  and  with  these  meetings  the  duties  of  the 

Committee'  end.     Whether  the  meetings  will  be  continued  in 


of  the  Society  to  determine.'  The  experiment  has  been  under- 
taken by  some  of  us  to  find  out,  if  we  could,  whether  such 
meetings  as  these  would  be  successful.  I  think  it  may  fairly 
be  claimed  that  at  least  a  moderate  degree  of  interest  has  at- 
tended them,  and  that  they  have  received  a  sufficient  amount 
of  encouragement  to  continue  them  hereafter.  When  they 
were  first  started  there  were  members  of  the  Association  who 
exercised  a  considerable  amount  of  ingenuity  in  finding  reasons 
to  show  why  such  meetings  could  not  succeed  ;  whether  those 
reasons  were  well  grounded  or  not  the  past  experience  will 
have  to  be  the  answer.  Some  opposition  was  also  made  to 
holding  such  meetings  from  the  fact  that  it  was  thought  that 
the  non-resident  members  would  complain  that  the  resident 
members  had  advantages  in  these  meetings  which  those  who 
live  out  of  town  had  not.  and  that  that  might  result  in  some 
feeling  of  jealousy,  and  the  precedent  was  cited  that  in  the  So- 
ciety of  Civil  Engineers  some  difficulty  of  that  kind  had  been 
found  and  considerable  feeling  had  grown  up.  Il  seems  to 
me  that  it  is  hardly  fair  to  attribute  such  a  feeling  as  that  to 
tin'  nou  resident  members.  I  can  hardly  believe  that  any  such 
dog-in-the-manger  feeling  can  have  any  considerable  existence 
in  the  membership  outside  New  York.  At  any  rate,  there  can 
be  no  sound  reason  why  half-a-dozen  members  of  the  Society, 
or  a  dozen  or  a  hundred  members,  may  not  meet  together  in 
this  room  for  the  discussion  of  subjects  which  are  mutually 
interesting.  The  same  thing  is  true  of  the  people  who  live 
elsewhere.  The  members  in  Boston  have  that  same  privilege. 
The  members  in  Chicago  can  do  the  same  thing.  I  may  relate 
a  little  experience  I  had  in  the  Master  Car  Builders"  Associa- 
tion, which  has  had  an  existence  of  some  20  or  25  years,  and 
probably  some-  15  years  ago  a  local  Society  was  organized  in 
this  citv  which  was  really  an  offshoot  of  the  parent  Associa- 
tion. The  meetings  of  the  local  Society  have  been  held  now, 
I  think,  for  15  years.     Since  then  similar  organizations  have 

1 o  formed  in  Boston,  in  Buffalo  and  in  Chicago,  and  instead 

of  their  detracting  from  the  interest  or  the  value  of  the  pro- 
ceedings of  the  parent  Association,  which  holds  its  meetings 
only  once  a  year,  I  think  it  was  universally  acknowledged  that 
the  local  meetings  had  helped  to  increase  the  interest  in  the 
parent  Association  ;  that  it  results  in  preliminary  discussions 
of  subjects  which  come  up  before  the  annual  meetings,  and 
that  men  come  to  them  with  a  supply  of  information  on  the 
subjects  which  are  to  be  considered  which  they  'would  Dot 
otherwise  have  It  is  not  plain  to  me  why  these  same  results 
would  not  occur  in  the  Mechanical  Engineers'  Society.  If 
meetings  of  this  kind  could  be  established  in  Boston  and  other 
cities  wherever  there  was  a  sufficient  number  to  form  a  local 
assemblage,  the  result  would  be  that  the  members  would  have 
a  greater  interest  in  the  Association  in  New  York  than  they 
would  have  if  such  meetings  are  not  held.  I  therefore  think 
that  these  meetings  should  be  continued  and  that  some  perma- 
nent committee  should  be  established  to  tako  charge  of 
them. 

Mr.  McBkide  :  I  think  it  would  be  a  proper  thing  to  adopt 
a  vote  of  thanks  to  the  Committee  foi  arranging  these 
meetings  this  winter  from  which  we  have  all  derived' great 
profit. 

Such  a  molion  was  carried. 

Dr.  Emery  :  To  avoid  the  necessity  of  a  meeting  for  the 
purposes  of  organization  next  year,  I  make  the  suggestion  that 
the  Committee  be  continued  with  power. 

Mit.  Fornky  :  I  do  not  think  that  would  be  judicious.  In 
the  first  place,  I  do  not  mean  to  be  on  that  committee  another 
year  ;  and.  in  the  next  place,  the  subject  will  come  up  before 
the  annual  meeting  of  the  Association  for  full  and  complete 
discussion,  and  therefore  arrangements  for  next  year's  meet- 
ings should  be  deferred  until  it  is  known  what  action  the  So- 
ciety itself  wdll  take. 


ELECTRIC  SIGNALING  WITHOUT  WIRES. 


In  a  paper  on  "  Electric  Signaling  without  Wires,"read  be- 
fore the  Society  of  Arts  recently,  Mr.  W.  II.  Precce.  F.R.8., 
considered  the  subject  of  sending  signals  by  means  of  electric- 
ity from  one  place  to  another  without  the  intervention  of  any 
conductor,  unless  the  all  pervading  ether  be  termed  a  conduct- 
or. In  1884  it  was  noticed  that  messages  sent  through  insul- 
ated wires  buried  underground  in  the  Gray's  Inn  Road  were 
read  upon  telephone  circuits  carried  on  the  tops  of  the  houses 
so  ft.  away.  In  1SS5  it  was  found  that  currents  passing  in  a 
telegraph  line  between  Durham  and  Darlington  produced 
effects  in  a  parallel  line  10|  miles  distant.     These  results  were 
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not  conclusive,  because  it  could  not-be  proved  that  they  were 
not  due  to  accidental  connections  through  the  network  of 
wires  between  those  two  places.  In  short,  it  was  doubtful 
whether  they  were  the  result  of  induction  or  of  conduction. 
But  in.  1886  experiments  were  made  on  parallel  lines  H  miles 
apart  between  Bristol  and  Gloucester,  where  there  were  no 
intermediate  conductors  to  vitiate  the  results.  Moreover,  the 
circuits  used  were  metallic  throughout.  Under  these  circum- 
stances only  weak  disturbances  were  detected,  though  when 
the  experiments  were  repeated  in  1889  in  the  light  of  experi- 
ence more  success  was  obtained.  The  theoretical  possibility 
of  signaling  without  wires  was  thus  shown,  and  in  1893  a  prac- 
tical test  was  made  in  the  Bristol  Channel.  On  Lavernock 
Point,  near  Cardiff,  a  copper  wire  1,267  yds.  long  was  hung 
on  poles,  the  circuit  being  completed  by  earth.  On  the  sands 
at  low-water  mark,  600  yds.  from  this  circuit,  and  parallel  to 
it,  two  covered  copper  wires  and  one  bare  one  were  laid  down, 
their  ends  being  buried  deep  in  the  sand.  On  Flat  Holm 
Island,  3.1  miles  away,  another  covered  wire  600  yds.  long 
was  laid  down.  On  the  shore  an  alternating  current  (which 
was  controlled  by  a  Morse  key)  with  a  frequency  of  192,  a  vol- 
tage of  150,  and  of  any  desirable  strength  up  to  15  amperes 
was  sent  through  the  primary  circuit.     The  signals  received 


TRIPLE-BOILER    LOCOMOTIVE    FOR  THE  BEL- 
GIAN STATE  RAILWAY. 


The  curious-looking  locomotive  which  wc  illustrate  here- 
with was  built  in  1888  by  the  Societe  St.  Leonard,  of  Liege, 
Belgium,  to  compete  with  another  engine  designed  by  the 
Cockerill  Company,  of  Seraing,  and  exhibited  by  them  at  the 
Paris  Exhibition  of  1889.  This  latter,  now  classed  as  "  Type 
12,"  is  less  powerful  than  the  triple  boiler  engine,  but  was 
nevertheless,  after  numerous  trials,  finally  adopted  by  the 
Chemin  de  For  de  l'Etat  as  their  standard  express  engine,  of 
which  over  sixty  have  since  been  built  by  the  various  well- 
known  Belgian  firms,  including  the  St.  Leonard  Company. 
At  that  date  the  old  "  Type  1, "  with  four  coupled  drivers,  sin- 
gle leaders,  Belpairc  fire  box,  and  large  dome  placed  directly 
behind  the  chimney,  was  proving  insufficient  for  the  increas- 
ing weight  of  the  trains,  particularly  with  the  heavy  interna- 
tional cars  and  the  spacious  ordinary  six-wheeled  carriages — 
trains  which  compared  rather  with  German  than  with  French 
rolling  stock  as  regards  both  weight  and  accommodation. 

In  calling  for  competitive  designs  of  new  engines,  the  au- 
thorities required  that  the  competing  locomotives  should  he 
able  to  haul  a  gross  load  of  150  tons  up  a  gradient  of  1  in  200 
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on  Flat  Holm  on  the  secondary  circuit  produced  sound  and 
were  read  on  a  pair  of  telephones.  By  this  means  messages 
were  successfully  sent.  The  'same  method  was  tried  with  an- 
other island,  Steep  Holm,  5.35  miles  away,  but  was  scarcely 
successful.  Disturbances  were  indeed  perceptible,  but  the 
signals  could  not  he  read.  Such  experiments,  in  which  care- 
ful precautions  were  taken  to  eliminate  the  effects  of  earth- 
currents,  proved  the  possibility  of  signaling  between  England 
and  France  without  any  wires  being  carried  across  the  Chan- 
nel. But  the  expense  would  not  be  negligible,  for  at  Laver- 
nock Point  a  2  II. P.  engine  was  required  to  get  results  over 
3  or  4  miles.  Mr.  Preece  also  described  experiments  made 
with  parallel  wires  about  1T  mile  apart  stretched  on  poles 
along  the  banks  of  the  Caledonian  Canal,  near  Inverness. 
Here,  with  the  use  of  ordinary  telegraphic  apparatus,  Morse 
signaling  was  easy  and  speaking  by  telephone  possible.  Mr. 
Preece's  critics  contend  that  his  results  are  due  to  conduction 
through  the  earth,  lie  himself  maintains  they  are  due  to  elec- 
tro-magnetic induction.  The  rapidly  alternating  current  in 
the  primary  circuit  throws  the  surrounding  ether  into  oscilla- 
tions, and  energy  is  radiated  in  electric  waves.  These  waves 
spread  out,  as  do  waves  of  light,  and,  if  they  fall  on  conduct- 
ors properly  placed  and  sympathetically  prepared,  are  recon- 
verted into  an  alternate  current  in  the  secondary  circuit. 


at  56  miles  per  hour,  without  diminution  of  steam  pressure  or 
of  the  level  of  the  water  in  the  boiler,  for  a  distance  of  three 
miles  at  least.  Both  engines  refeired  to  above  proved  very 
satisfactory,  and  attained  speeds  of  59  miles  per  hour  under 
the  conditions  named.  Indeed,  the  triple-boiler  engine  ran  up 
the  grade  stated  at  61  miles  per  hour,  and  took  trains  of  150 
tons  gross  (that  is,  including  engines)  up  inclines  of  1  in  62  at 
40  miles  per  hour,  and,  on  other  occasions,  loads  of  182  tons  up 
the  same  gradient  at  31  miles  per  hour.  From  these  results, 
obtained  under  similar  conditions,  the  powers  developed  by  the 
two  engines  were  found  to  be  1,235  11. P.  for  the  triple-boiler 
locomotive,  and  1,189  II. P.  by  the  "  Type  12."  At  59.4  miles 
per  hour,  with  150  tons,  on  a  grade  of  1  in  200,  the  power  of 
the  triple-boiler  engine  exerted  1,339  II. P. 

The  two  engines  in  question  differed  mainly  in  their  boilers, 
as  they  had  the  same  cylinder capaci lies.  As  will  be  seen  from 
our  engravings,  the  engine  illustrated  has  a  boiler  with  three 
barrels,  which  have  the  same  fire-box  tube-plate,  and  the  same 
extension  smoke-box  in  common.  The  chimney  is  square, 
spreading  out  at  its  base  to  embrace  the  side  divisions  of  the 
smoke-box,  an  arrangement  which  should  improve  the  draught 
in  the  side  Hues,  although  it  may  be  doubted  if  the  exhaust 
steam  acts  so  efficiently  in  a  square  chimney  as  in  a  round 
one,  and  it  is  certain  that  it  obstructs  the  view  somewhat.    The 
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smoke  and  steam  also  are  said  to  be  thrown  less  clear  away 
from  the  engine  than  with  the  round  forms.  The  grate  area 
is  double  that  of  any  French  express  engines  and  superior  to 
that  of  "Type  12,"  and  the  heating  surface  is  50  per  cent, 
more  than  in  the  "  Type  12"  anil  10  square  meters  (107  sq.  tt.) 
above  that  obtained  in  Flaman's  double  boiler  locomotive. 

The  coal  consumption  is  given  as  254  to  322  kilogrammes 
per  hour  per  square  meter  of  giate  surface  ;  in  other  words, 
it  burns  an  average  of  3,167  lbs.  per  hour,  which,  taking  the 
commercial  speed  as  44  miles  per  hour,  corresponds  to  72  lbs. 
per  mile  ;  1  lb.  of  coal  is  said  to  evaporate  5.6  lbs.  of  water 
upon  the  average,  or  6.6  lbs.  as  a  maximum,  results  no  better 
than  obtained  with  American  locomotives  ;  but  the  coal  burned 
by  these  Belgian  locomotives  is  of  the  poorest  "slack,"  un- 
mixed with  briquettes,  as  commonly  practiced  in  France.  As 
regards  economy,  the  results  giveu  by  the  engine  are  said  to 
be  excellent.  There  are,  it  is  true,  certain  details  of  construc- 
tion that  could  be  improved  even  in  the  existing  engine,  as,  for 
example,  the  square  chimney  and  the  absence  of  running  boards 
permitting  the  engine  to  be  got  at  when  under  way.  There  is 
also  sometimes  an  unequal  expansion  of  the  tube-plate,  due  to 
a  superior  draft  in  the  central  seiies  of  tubes.  A  trouble  also 
with  engines  of  abnormally  large  grate  area  is  the  difficulty  of 
obtaining  a  sufficient  draft  in  the  smoke-box.  The  locomotive 
in  question  is  one  of  the  most  unconventional  developments  of 
locomotive  practice  since  the  time  of  Stephenson.  It  was  de 
signed  with  a  view  of  obtaining  great  steaming  power  without 
mounting  the  boiler  dangerously  high.  Continental  and  Ameri- 
can trains  make  greater  demands  on  the  steam-producing 
capacity  of  the  boilers  than  is  the  case  in  England,  hence 
these  multiple  boilers  of  Flaman,  the  St.  Leonard's  Company, 
and  others  have  been  produced. 

The  principal  dimensions  of  the  engine  are  as  follows  : 

Fire-box,  widih  inside 9'    3* 

"      ontalde 9'  10" 

14         length  inside 5' 10" 

"  "       outside 6'    3* 

"  height,  front 3'    7" 

••      back 2'    9" 

Grate  area ..66 sq.ft. 

Boiler,  central 4'    3"  in  diain. 

Boilers,  side    2'    3'      " 

Tubes,  central 180 

'•         side  series  (48  each) 96 

Toial 276 

Tubes,  length 15' 

Working  pressure        130  lbs.  per  sq.in. 

Heating  surface,  fire-bos ..131.6  sq.  ft. 

"      boilers 1931.0    " 

Total 2052.6  sq.  ft. 

Cylinders,  diameter 19.6' 

Stroke 23.5' 

Drivers .  6'  10W' in  diam. 

Weight,  engine  56.8  tons. 

tender 29.5    " 

Total 86.3  tons. 

—  Eni/iint  rimj. 

• 

THE  YARROW  BOILER. 


Apropos  of  the  discussion  before  the  meeting  of  the  Mechan- 
ical Engineers,  which  is  printed  in  another  column,  we  would 
call  attention  to  the  Yarrow  boiler,  a  description  of  which  was 
published  in  our  issue  for  March,  1891,  and  which  is  now 
being  exploited  in  this  country  by  Mr.  Horace  See,  of  No.  1 
Broadway,  New  York.  Inasmuch  as  the  engravings  published 
in  our  former  issue  gave  a  complete  description  of  the  con- 
struction of  the  boiler,  it  is  not  necessary  to  recapitulate  the 
whole  at  the  present  time.  It  consists  of  three  parallel  longi- 
tudinal chambers,  two  of  which  are  of  the  form  of  the  sector 
of  a  circle,  while  the  third  and  tipper  is  a  complete  circle. 
The  three  chambers  are  located  at  the  angles  of  a  nearly  equi- 
lateral triangle  with  the  grate  between  the  lower  two,  while 
straight  tubes  connect  the  lower  and  the  upper  ones.  The 
engraving  which  we  publish  in  this  connection  is  taken  from 
a  photograph  of  a  boiler  which  has  recently  been  built  by 
Mr.  Yarrow  in  England.  Boilers  of  this  type  were  used  on 
the  torpedo  boat  Hornet,  a  description  of  whose  trial  appears 
in  another  column  of  this  issue. 

In  a  recent  discussion  before  the  Institution  of  Naval  Archi- 
tects in  England.  Mr.  Yarrow  stated  that  it  was  about  seven 
years  ago  that  his  firm  first  commenced  adopting  straight 
tubes  in  their  water  tube  boilers,  having  been  previously  led 
away  by  what  he  believed  to  be  the  popular  fallacy  that  curved 
tubes  were  necessary  in  order  to  allow  for  contraction  and 
expansion.  No  doubt  it  was  necessary  to  curve  the  tubes  in 
some  designs,  but  it  did  not  follow  that  it  was  necessary  in  all. 


Although  his  firm  had  built  a  laige  number  of  water-tube 
boilers  during  the  last  seven  years  with  straight  tubes,  it  might 
be  of  interest  to  the  meeting  to  know  that  they  had  never  had 
a  single  leakage  between  the  tube  and  tube-plate.  This  fact 
proved,  they  believed,  that  there  was  nothing  objectionable 
in  the  straight  tube  system,  while  it  clearly  offered  many  ad- 
vantages, both  in  construction  and  in  service.  Experience  had 
shown  that  steel  tubes,  whether  galvanized  or  not,  rapidly 
deteriorated,  and  if  the  tubes  were  galvanized  on  the  inside  a 
rough  surface  was  caused,  which,  in  some  instances,  retarded 
the  circulation  of  the  water.  There  was  also  the  possibility 
of  portions  of  spelter  lodging  in  the  tubes  and  partially  block- 
ing up  the  passage,  or  causing  such  an  obstruction  which 
would  allow  sediment  to  collect.  So  far  as  his  experience 
went,  it  led  to  the  conclusion  that  copper  tubes  were  more 
durable  than  steel,  but  in  the  use  of  copper  it  was  essential 
that  it  should  be  very  pure,  and  that  the  tube,  under  all  cir- 
cumstances, should  be  below  the  level  of  the  water  and  always 
filled,  otherwise  the  copper  might  become  overheated. 

He  also  stated  that  his  firm  commenced  experiments  with 
water-tube  boilers  as  far  back  as  1877,  and  put  a  water-tube 
boiler  in  a  torpedo  boat  in  the  year  1889,  ami  their  experience 
indicated  that  very  small  changes  in  design  materially  affect 
the  action  of  a  boiler  ;  small  alterations  in  some  cases  making 
the  difference  between  success  and  failure.  If  portions  of 
the  boiler  be  rigidly  secured  by  stays,  which  are  not  subject 
to  the  same  temperature  as  the  tubes,  serious  strains  may  be 
set  up  involving  continual  bending  of  the  tubes  to  meet  con- 
tinual variations  of  temperature.  If  in  such  cases  the  tubes 
be  only  slightly  bent,  it  might  lead  to  trouble,  as  small  alter- 
ations in  length  involve  considerable  alterations  in  the  curve 
necessary  to  conform  to  the  variation  in  length.  Consequently 
in  cases  where  portions  of  the  boiler  are  rigidly  secured  to  one 
another,  it  is  necessary  that  the  bends  in  the  tubes  should  be 
considerable,  so  that  they  can  easily,  and  without  excessive 
strain,  suit  differences  of  temperature.  The  practice  of  his 
firm  was  to  aim  at  allowing  tubes  freedom  to  expand  and 
contract  ;  and,  as  the  contraction  and  expansion  of  a  group  of 
tubes  had  been  found  to  be  nearly  uniform  tinder  the  condi- 
tions of  working,  any  small  difference  of  length  seemed  to  be 
met  by  the  elasticity  of  the  material.  Mr.  Yarrow,  and  those 
who  worked  with  him,  felt  satisfied  on  this  point,  having  made 
very  careful  experiments  to  test  it.  and  he  thought  it  would 
be  admitted  that  it  was  most  desirable— in  fact,  almost  essen- 
tial—that access  be  freely  obtained  to  the  interior  of  the  tubes, 
for  the  purpose  of  examination  and  for  cleaning.  For  these 
reasons  he  was  strongby  in  favor  of  straight  tubes,  which  at 
the  same  time  reduced  the  cost  of  construction,  and  was  a 
convenience  in  actual  working  on  account  of  the  ease  in  sup- 
plying spare  tubes.  In  this  way  there  was  avoided  the  large 
variety  of  forms  of  spare  lubes  necessary  with  boilers  where 
the  tubes  were  curved  to  different  forms. 

It  was  often  asked,  Mr.  Yarrow  continued,  how,  in  boileis 
such  as  those  in  H.  M.  S.  Hornet  and  other  previous  vessels, 
they  managed  to  replace  the  tubes.  The  form  of  boilers 
adopted  in  the  Hornet,  to  which  the  speaker  was  referring. 
was  not  of  the  type  described  in  Mr.  Milton's  paper  just  read, 
aud,  as  throwing  some  light  on  the  subject,  it  might  interest 
the  meeting  to  know  that  on  one  of  the  trials  with  this  vessel 
(in  the  boilers  of  which  there  are  over  8,000  tubes)  one  of  the 
tubes  gave  way  on  account  of  faulty  manufacture,  and  the 
time  occupied  in  taking  out  and  replacing  this  tube  ready  for 
expanding  was  only  40  minutes.  His  firm  were  also  led  away 
in  their  first  boileis  with  the  idea  that  down  pipes  were  neces- 
sary to  insure  citculation,  aud  in  all  the  boilers  made  by  them 
up  to  three  years  ago  they  provided  four  down  pipes,  two  at 
each  end  ;  these  down  pipes  being  suitably  curved  to  allow 
for  variations  in  lengths  between  the  upper  and  lower  portions 
of  the  boiler.  For  purposes  of  experiment  they  removed  two 
of  the  down  pipes,  and  found  the  action  of  the  boiler  un- 
affected. They  then  ultimately  dispensed  with  the  other  two, 
with  the  same  result,  thereby  saving  both  weight  and  length 
and  obtaining  greater  simplicity.  Mr.  Yarrow  maintained 
that  those  who  had  had  both  water-tube  boilers  of  a  satisfac- 
tory type  under  their  management,[and  those'of  the  locomotive 
type,  would  be  ready  to  admit  that  it  required  less  skill  to 
stoke  a  water-tube  boiler  than  a  locomotive  boiler,  as  with  the 
latter  it  was  necessary  to  keep  the  grate  uniformly  covered 
with  fuel  for  fear  of  admitting  cold  air,  while  with  the  former 
such  care  was  unnecessary.  In  order  to  test  the  effect  of  sud- 
den changes  of  temperature  on  one  of  his  firm's  water-tube 
boilers,  they  had,  when  experimenting  with  it  in  the  yard, 
forced  it  excessively,  and  had  then  suddenly  pulled  out  the 
lire  and  stripped  the  boiler  of  its  casings,  so  as  to  cool  it  as 
quickly  as  possible.  They  then  replaced  the  casings,  lit  up 
as  rapidly  as  possible,  raising  steam  to  180  lbs.  The  result  of 
this  somewhat  severe  treatment  showed  that  there  was  not  the 
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slightest  alteiation  in  form  or  any  injury  to  the  boiler.  The 
results  obtained  with  one  of  the  boilers  of  H.  M.  S.  Hornet, 
Mr.  Yarrow  thought,  would,  perhaps,  interest  the  meeting. 
It  weighed  complete,  with  fittings,  smoke-box,  fire  doors,  fire- 
bricks, funnel,  casings,  and  all  boiler  mountings,  also  includ- 
ing water  up  to  working  level.  5  tons  7  cwt.  On  carefully 
conducted  experiments  in  the  yard  it  was  found  that  12,500 
11 13.  of  water  were  evaporated  per  hour  from  60"  F.  to  180  lbs. 
pressure.  In  order  to  compare  the  relative  efficiency  of  water- 
tube  boilers  with  locomotive  boilers,  there  were  the  following 
facts  :  In  II.  M.  S.  Hmoek  his  firm  had  placed  two  locomotive 
boilers,  and  the  machinery  indicated  on  trial  about  3,500  H.P., 
with  an  air  pressure  of  3  in.  In  the  Hornet,  a  sister  ship,  pro- 
vided with  similar  engines  and  fitted  with  eight  water-tube 
boilers,  as  previously  mentioned,  they  obtained,  with  a  very 
low  air  pressure  averaging  1£  in.,  4.300  H  P.  The  eight 
toilers  in  the  Hornet  weighed  11  tons  less  than  the  locomotive 
boilers  in  the  Hatoek. 

They  had  every  reason  to  fear,  from  what  they  had  been 
told,  that  trouble  would  lie  experienced  in  working  a  group 
of  small  rapidly  evaporating  boilers  in  the  Hornet,  but,  as  a 
matter  of  fact,  "they  had  experienced  no  difficulty  whatever, 
the  feed  being  arranged  in.  as  it  were,  two  stages.  The  feed- 
pumps on  the  engines  take  their  suction  from  the  hot-well, 
and  deliver  into  a  reservoir  at  50  lbs.  pressure,  and  from  this 
reservoir  the  donkeys  take  their  suction,  each  boiler  being 
provided  with  an  independent  donkey.  By  this  means  a  very 
ample  supply  of  water  was  always  insured  on  the  suction  side 
of  the  donkeys,  and  the  pipes  leading  to  them  could  be  of 
moderate  dimensions,  in  consequence  of  the  50  lbs.  pressure 
delivering  the  water  readily  to  the  suction  side  of  the  pumps. 
To  insure  the  reset  voir  always  being  well  filled,  there  was  a 


the  initiative  in  the  introduction  in  this  country  of  a  form  of 
boiler  which  there  was  little  doubt  is  destined  to  replace  old 
types.  He  was  fully  convinced  that,  in  spite  of  those  failures 
which  were  naturally  to  be  expected  to  accompany  such  a 
sudden  change  of  practice,  naval  architects  and  engineers 
would,  in  a  few  years,  recognize  in  the  action  of  the  British 
Admiralty  a  wise  and  important  step  in  the  advance  of  marine 
engineering,  and  he  believed  before  very  long  that  it  would 
be  generally  admitted,  not  only  in  this  country,  but  through- 
out the  world,  that  the  greatest  credit  was  due  to  the  authori- 
ties at  Whitehall  for  having  had  the  boldness  to  act  as  they 
bad  done. 


LOCOMOTIVE   VALVE-GEAR   WITH    SEPARATE 
ADMISSION   AND   EXHAUST-VALVES. 


By  E.  Polonceau. 


THE  YARROW  BOILER. 

small  amount  of  auxiliary  feed  constantly  passing  into  it.  the 
surplus,  lteyond  that  which  was  necessary  for  the  supply  of 
the  boilers,  being  returned  to  the  tank  through  a  relief  valve 
loaded  to  50  lbs.  As  was  well  known,  his  firm  had  been  strons 
advocates  for  the  locomotive  type  of  boiler,  especially  as  the 
form  they  had  adopted  was  found  to  work  satisfactorily  and 
to  be  durable  ;  but  the  recent  success  with  water  tube  boilers 
obliged  them  to  advance  with  the  limes  and  to  modify  their 
opinion,  a  course  more  particularly  necessary  in  view  of  the 
possible  further  rise  of  working  pressures  in  the  immediate 
future.  The  recent  action  of  the  Admiralty  in.  as  it  was, 
forcing  on  numerous  contractors  the  adoption  of  water-tube 
boilers  had  frequently  been  unfavorably  criticised,  but  Mr. 
Yarrow  believed  that  time  would  prove  that  the  greatest  pos- 
sible credit  was  due  to  the  authorities  for  having  thus  taken 


The  Paris  &  Orleans  Railway  Company  have  from  time  to 
time  tried  to  get  more  economical  results  from  their  locomo- 
tives than  is  possible  when  using  the  ordinary  slide-valve  for 
both  admission  and  exhaust.  In  185s  a  Meyer  expansion 
valve-gear  was  tried,  but  the  results  were  not  satisfactory  ; 
the  increased  economy  obtained  being  more  than  counterbal- 
anced by  the  extra  friction  of  the  valves  and  the  extra  com- 
plication of  the  mechanism.  In  1878  a  compound  locomotive 
was  tried,  but  again  the  results  were  unsatisfactory.  It  is  to 
be  remarked  that  compounding  involves  a  more  or  less  com- 
plete transformation  of  the  locomotive,  and  that  consequently 
on  account  of  expense  it  cannot  be  applied  to  all  the  engines 

already  existing.  It 
appears,  therefore,  to 
be  simpler  to  try  to 
get  increased  economy 
by  a  change  which  will 
only  involve  replacing 
the  cylinders  and  part 
of  the  valve-gear. 
These  considerations 
led  the  Company  to  try 
the  system  described 
below,  recommended 
by  Messrs.  Durant  and 
Lencauchez. 

The  immediate  aim 
of  the  experiments  was 
to  prolong  the  expan- 
sion and  to  suitably 
control  the  compres- 
sion while  still  using  a 
link  motion  gear.  In 
the  first  trial  made,  on 
engine  No.  67,  the  ad- 
mission  slide-valve 
was  driven  by  a  Gooch 
link-motion,  and  had 
certain  peculiarities  of 
construction,  the  ob- 
ject being  to  double 
the  area  of  opening 
and  to  partially  relieve 
the  pressure  on  the 
face.  The  exhaust 
slide-valve,  placed  at 
the  lower  side  of  the 
cylinder,  received  its 
motion  from  the  cross- 
head.  Exhaust  be- 
gan when  the  piston 
had  still  22  per  cent, 
of  its  stroke  to  perform,  and  compression  began  when  it 
had  done  22  per  cent,  of  the  return  stroke.  At  low  speeds 
the  results  were  satisfactory,  but  at  high  speeds  the  great 
amount  of  compression  was  objectionabler 

In  the  second  trial  another  locomotive.  No.  76,  had  two  ex- 
haust-valves of  the  Corliss  type  driven  from  the  cross-head, 
and  the  cylinders  were  larger.  Here,  again,  the  compression 
was  too  great  for  high  speeds. 

In  the  next  arrangement  tried  the  rods  driving  the  admis- 
sion and  exhaust-valves  worked  in  the  same  link,  and  were 
connected  to  each  other,  so  that  they  were  displaced  simul- 
taneously ;  the  same  engines  on  which  the  above  experiments 
were  made  being  used,  cylinders  and  valves  being  unaltered. 
In  engine  No.  67  release  took  place  when  25  per  cent,  of  the 
piston-stroke  remained  to  be  done,  and  compression   began 
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■when  30  per  cent,  of  tbe  return  stroke  had  been  done.  The 
results  were  entirely  satisfactory,  reversing  being  easily  per- 
formed, and  a  greater  amount  of  work  for  the  same  weight  of 
steam  being  obtained  than  with  ordinary  locomotives. 

As  a  result  of  the  preceding  experiments,  new  cylinders  with 
four  Corliss  valves  and  the  smallest  possible  clearance  spaces 
were  fitted  to  engine  No.  67,  and  this  design  has  been  applied 
t<>  all  new  passenger  engines  for  the  last  year  and  a  half.  The 
advantages  of  this  arrangement  are  as  follows  : 

1.  The  conditions  relating  to  cooling  of  the  steam  on  enter- 
ing the  cylinder  are  better  than  in  the  ordinary  engines,  since 
the  sides  of  the  admission-ports  are  not  cooled  by  the  escape  of 
the  exhaust  steam. 

2.  The  fall  of  pressure  is  less,  since  the  port  area  is  nearly 
double. 

3.  The  diminution  of  the  clearance  volume,  prolongation  of 
the  expansion,  lessening  of  the  compression  are  all  favorable 
to  the  more  efficient  use  of  the  steam  in  the  cylinder. 

4.  The  back  pressure  is 
lessened  by  the  diminu- 
tion of  the  clearance  vol- 
ume, since  the  quantity 
of  exhaust  steam  to  be  got 
rid  of  is  reduced. 

•5.  The  friction  of  the 
four  Corliss  valves  is  less 
than  that  of  an  ordinary 
slide-valve. 

6.  The  arrangement  of 
the  exhaust-valves  at  the 
lower  side  of  the  cylinder 
allows  a  natural  drainage 
to  take  place,  and  drain 
cocks  are  therefore  un- 
necessary. 

The  design  has  been  ap- 
plied to  eight  express  en- 
gines, and  is  being  applied 
to  three  express  and  three 
goods  engines  in  course  of 
■  instruction.  One  of 
these  engines  coming  into 
the  shops  for  overhaul 
after  running 40.800 miles. 
t I;l-  valves  and  valve-gear 
were  examined.  The  wear 
of  the  valves  and  the  joints 
of  the  link-motion  was 
practically  nil.  With  or- 
dinary locomotives  the 
valves  and  faces  usually 
require  adjustment  after 
running  about  15,000 
miles.  The  consumption 
of  fuel  is  15.2  per  cent, 
less  than  the  average  in 
the  ordinary  engines  do- 
ing the  same  work.  The 
expenditure  of  lubricant 

is  a  little  higher,  being  51  as  against  42  grams  per  kilometer. 
— Annates  des  Mines. 


that  when  misfortune  has  overtaken  men  whose  wives  are 
dependent  upon  them,  that  they  shall  not  be  separated,  and 
that  they  may  descend  the  decline  of  life,  hand  in  hand,  if 
tiny  are  disposed  to  do  so.  With  this  in  view,  provision  has 
been  made  so  that  poor  men  and  their  wives  will  both  be  cared 
for.  The  school,  it  is  said,  will  be  on  a  par  with  the  leading 
educational  institutions  of  the  world  for  teaching  the  most 
advanced  methods  of  marine  construction. 

The  dedicatory  exercises  were  led  by  Bishop  Henry  C.  Pot- 
ter, of  the  Xew  York  Diocese. 

The  institution  has.  been  incorporated,  and  the  trustees  are 
W.  H.  Webb,  President;  Stevenson  Taylor,  Secretary; 
Thomas  F.  Rowland,  Treasurer  ;  Professor  Frederick  R.  Hut- 
ton,  Columbia  College  ;  Andrew  Reed,  Resident  Trustee  ; 
Albert  G.  Bogert,  Charles  S.  Smith.  Merritt  Trimble,  T.  S. 
Marvel,  Xewburgh,  and  Charles  H.  Cramp,  Philadelphia. 

It  is  magnificent  benefactions  like  this  which  renew  "one's 
hope  in  the  future  of  our  people,  which  is  now  often  sorely 
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shaken  by  the  ignorance,  imbecility,  and  corruption  in  high 
places. 


ACADEMY  AND  HOME  FOR  SHIPBUILDERS. 


Ox  Saturday,  May  5,  the  new  building  which  has  just  been 
completed  through  the  munificence  of  Mr.  William  H.  Webb, 
the  distinguished  shipbuilder,  was  dedicated  to  the  uses  for 
which  it  is  intended.  These  are  indicated  by  its  name,  which 
is  "  Webb's  Academy  and  Home."  Its  purpose  is  to  establish 
n  of  refuge  or  home  for  poor  men  who  have  worked  on 
the  hulls  or  engines  of  ships  ;  and,  second,  a  school  of  naval 
construction  for  boys  who  arc  unable  to  secure  the  advantages 
of  such  an  education  elsewhere.  Mr.  Webb  has  devoted 
$2,000,000  to  establishing  this  home  and  school. 

The  building  is  located  at  Fordham  Heights,  facing  on  Sedge- 
wick  Avenue,  overlooking  the  Hudson  and  Hariem  rivers. 
Thirteen  acres  of  ground  were  bought  for  this  purpose,  and 
the  magnificent  building  is  a  striking  feature  in  this  pictur- 
esque region.  As  will  be  seen  from  the  illustration — for  which 
we  are  indebted  to  Seabmird — the  main  structure  is  of  the 
Romanesque  order  of  architecture,  of  plain  stone,  and  round 
arches  on  the  upper  tier  of  windows.  It  provides  the  most 
complete  facilities  for  the  purpose  for  which  it  is  intended 
that  the  broadest  liberality  could  supply.  Not  only  is  it  in- 
tended that  it  shall  be  a  home  for  poor  men.  but  it  is  intended 


BRIDGE  ON   DULUTH,   MISSABE   &  NORTHERN 
RAILWAY. 


The  building  of  the  Duluth,  Missabe  &  Northern  Railway, 
from  the  junction  with  the  Duluth  &  Winnipeg  Railroad  into 
Duluth,  Minn.,  necessitated  the  construction  of  extensive  dock 
facilities  on  St.  Louis  Bay.  To  reach  the  dock  a  viaduct 
about  2,500  ft.  long  and  double  track  was  constructed  across 
the  llats.  Tiie  work  was  laid  out  by  Mr.  C.  II.  Martz,  Chief 
Engineer  for  the  Railroad  Company,  and  the  contract  awarded 
to  the  Youngstown  Bridge  Company,  of  Youngstown,  O.,  for 
the  construction  of  the  viaduct,  according  to  their  own  de- 
signs, to  be  built  of  soft  steel  not  reamed.  The  csossing  of 
tin- struts  necessitated  the  use  of  aix  or  eight  spans  without 
longitudinal  bracing.  These  spans,  together  with  the  one 
across  the  St.  Paul  &  Duluth  Railroad  tracks,  varied  from 
44  ft.  to  86  ft.  in  length.  The  one  which  we  illustrate  is  the 
span  across  the  tracks  of  the  St.  Paul  &  Duluth  Railroad. 
The  extreme  length  is  86  ft.,  with  a  skew  of  61  30'.  The  span 
is  double  track,  through  on  shelf.  The  live  load  used  con- 
sisted of  two  101-ton  consolidation  locomotives.  The  center 
girder  weighed  when  completed  33  tons,  and,  as  was  true  of 
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all  the  ■work  in  this  structure,  the  flange  angles  and  flange 
plates  were  all  in  one  piece  without  splice.  The  bracing  be- 
tween the  girders  consisted  of  adjustable  lateral  rods  and  deep 
lattice  struts,  with  gussets  running  to  the  top  flange  of  the  gir- 
ders, each  gusset  being  stiffened  on  the  edge  by  two  angles. 
The  girders  rest  on  steel  columns,  which  are  braced  to  the 
girders  by  knee  braces,  as  shown  in  the  cut.  The  columns 
are  calculated  to  take  up  the  bending  strains  due  to  traction 
and  temperature.  The  transverse  sway  bracing  was  of  ad 
justable  rods,  owing  to  the  fact  that  the  foundations  rest  on 
piling,  thus  precluding  the  possibility  of  using  stiff  sway 
bracing,  as  a  number  of  structures  that  have  been  built  with 
stiff  bracing,  when  the  foundations  were  on  piles,  have  been 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 


BRIDGE  ON  DULUTH,  MISSABE  &  NORTHERN  RAILWAY,  BUILT  BT  THE  YOUNGSTOWN  BRIDGE  COMPANY. 


found,  in  other  parts  of  the  country,  to  settle  and  render  the 
stiff  sway  bracing  of  little  service.  Any  slight  settlement  in 
the  foundations  can  be  accounted  for  by  the  adjustable  lat- 
erals. The  other  spans  in  the  viaduct  were  built  of  the  same 
general  design  as  this,  except  they  were  all  deck,  with  stiff 
lateral  bracing  and  frames.  Besides  the  viaduct  proper,  the 
Youngstown  Bridge  Company  constructed  for  the  road  two 
girder  spans  in  the  dock  proper,  and  a  72-ft.  girder  span  on 
columns  on  the  line  of  the  road.  The  Duluth,  Missabe  & 
Northern  Railway,  by  means  of  this  improvement,  are  enabled 
to  haul  the  ore  from  the  renowned  Missabe  Range  to  St.  Louis 
Bay  over  their  own  tracks  the  entire  distance,  and  have 
facilities  for  handling  ore  second  to  no  road  in  the  United 
States. 


favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  April,  has 
been  made  up.  Of  course  we  cannot  report  those  of  which  we 
have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   EN    APRIL. 

Pittsburgh,  Pa.,  April  5. — F.  J.  Suter,  a  fireman  on  the 
Pennsylvania  Railroad,  was  killed  yesterday  afternoon  in  the 
Twenty-eighth  Street  yards  while  working  with  the  air-brakes 
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under  his  engine.  A  brake  lever  was  suddenly  thrown  out 
against  his  head,  killing  him  instantly. 

Clarksville,  Tenn.,  April  5. — While  a  freight  train  on  the 
C.  A  O.  Railroad  was  passing  Cumberland  City  Station  this 
evening,  some  one  threw  a  stone  into  the  cab,  striking  the 
fireman  over  the  eye.  inflicting  quite  a  severe  injury. 

Batavia,  X.  Y.,  April  5. — A  tire  on  an  engine  of  the  Lehigh 
Valley  Railroad  broke  while  the  engine  was  running  at  the 
rate  of  35  miles  an  hour  near  here  this  afternoon.  The  fire- 
man and  engineer  were  slightly  injured. 

Rouse's  Point,  X.  Y.,  April  5. — A  misplaced  switch  caused 
1  he  derailment  of  a  train  on  the  Delaware  &  Hudson  Canal 
Company's  Railroad  at  this  point  this  morning.  A  man  in 
front  of  the  switch  lights  prevented  the  engineer  from  seeing 
the  open  switch.  The  engineer  and  fireman  escaped  with 
slight  injuries. 

Lake  Benton.  Minn.,  April  6. — A  regular  west-bound  pas- 
senger train  on  the  Winona  A  St.  Peter  branch  of  the  Chicago 
A  Northwestern  Railroad,  jumped  the  track  half  a  mile  east 
of  here  to-day.  Engineer  Ed.  Frary  was  instantly  crushed  to 
death  under  the  engine. 

Cairo,  111.,  April  6.— Engineer  Charles  H.  Norris.  of  the 
Illinois  Central  Road,  had  his  legs  so  badly  crushed  that  they 
had  to  be  amputated,  as  the  result  of  a  collision  between  his 
engine  and  some  cars  at  this  point  this  evening.  The  shock 
of  the  collision  threw  the  throttle  wide  open  and  the  engine 
ran  down  the  track. 

Dalleston,  Pa.,  April  7. — A  gas  explosion  in  the  fire-box  of 
the  Philadelphia  &  Reading  Railroad  engine,  causing  the 
flames  to  shoot  out  at  the  door,  burned  Isaac  Van  Pelt,  fire- 
man of  the  engine,  about  the  head  and  face  very  badly  this 
afternoon. 

New  Era,  Mich.,  April  9. — An  engine  on  a  logging  railroad 
belonging  to  Staples  A  Covel  ran  into  a  tree  and  was  knocked 
over  a  16-ft.  embankment,  carrying  nine  men  with  it.  Among 
the  killed  were  Adolph  Shelander,  engineer,  and  Gus  Ander- 
son, fireman. 

Port  Chester,  X.  Y. ,  April  12.— An  express  train  on  the 
Xew  York,  Xew  Haven  &  Hartford  Railroad  ran  into  a 
caboose  at  this  point  to-day.  James  Gaffney,  fireman  of  the 
express  train,  was  severely  hurt  about  the  arms,  body,  and 
face. 

Lancaster,  Pa.,  April  13.— An  engine  on  the  Pennsylvania 
Railroad,  while  running  backward  and  hauling  a  caboose, 
was  derailed  at  this  point  to-day.  The  wheels  of  the  pony 
truck  left  the  rails,  pierced  the  caboose,  and  cut  it  into  frag- 
ments. Fireman  I.  C.  Cover  had  his  hip  injured  by  leaping 
from  the  engine. 

Pottsville,  Pa.,  April  13. — There  was  a  collision  at  Morris 
Junction  of  the  Philadelphia  &  Erie  Division  of  the  Pennsyl- 
vania Railroad,  between  a  Lehigh  Valley  passenger  train  and 
the  Pennsylvania  train  of  empty  cars.  The  engineer  of  the 
passenger  train  was  thrown  off  his  engine  and  badly  bruised. 

Hilliard.  Wyo.  Ter.,  April  14. — A  train  on  the  Union  Pacific 
Railroad  was  ditched  half  a  mile  east  of  here  to  night.  H. 
George,  fireman,  and  William  Lethbridge.  the  engineer,  were 
instantly  killed. 

Hazleton,  Pa.,  April  15.— There  was  a  collision  between  a 
Pennsylvania  freight  and  a  Lehigh  Valley  express  train  at 
Silver  Brook  at  noon  to-day.  Engineer  Kimmel,  of  the  freight 
train,  had  his  eye  cut  and"  back  and  bead  bruised.  Fireman 
Art  Brown  had  one  leg  broken  and  was  otherwise  injured. 

Salt  Lake  City,  April  IT. — A  landslide  occurred  at  Weaver 
Canon,  on  the  Union  Pacific  Railroad,  to-day,  causing  an  acci- 
dent to  a  freight  train.  The  fireman  of  the  engine  had  one 
leg  broken. 

Reading,  Pa.,  April  18. — Philip  M.  Lehr,  a  fireman  on  a 
passenger  train  of  the  Pennsylvania  Railroad,  was  leaning  out 
of  his  cab  north  of  here,  and  was  caught  by  a  signal  post  and 
dragged  from  the  engine.     His  skull  was  crushed. 

Goshen,  Ind.,  April  19.— An  express  train  on  the  Lake 
Shore  &  Michigan  Southern  Railroad  ran  into  the  caboose  of 
a  freight  train  standing  on  the  track  that  did  not  clear  the 
main  track,  at  Dunlap  to-day.  Engineer  Charles  Melcher 
remained  at  his  post  and  was  very  severely  injured.  Fireman 
Xopper  jumped  and  sustained  severe  injuries  by  being  thrown 
against  the  fence. 

Watertbwn,  X.  Y.,  April  19.— While  a  train  on  the  Rome, 
Watertown  &  Ogdensburg  Railroad  was  standing  on  the  Y  at 
Theresa  Junction,  waiting  for  another  train  to  pass,  the  latter 
came  down  and  ran  through  an  open  switch  at  the  rate  of  30 
miles  an  hour,  crushing  into  the  engine  of  the  waiting  train. 
The  engine  of  the  latter  was  driven  back  against  the  tender, 
catching  the  engineer  as  it  went  and  killing  him.  The  fireman 
jumped  and  broke  his  leg. 

Calais.  Me.,  April  19. — The  locomotive  and  tender  of  a  train 
on  the  Shore  Line  Railroad  left  the  rails  near  here  this  morn- 


ing.    The  engineer  was  severely  injured.     The  accident  was 
caused  by  the  spreading  of  the  rails. 

Denver,  Col.,  April  19. — A  passenger  train  on  the  Burling- 
ton A  Missouri  Railroad  was  ditched  to-day  by  a  sand  drift 
on  the  track  near  Yuma.  Col.  Engineer  Pat  Quinlan  and 
Fireman  Bert  Goodwin  were  seriously  hurt. 

Carlisle,  Pa.,  April  20. — A  passenger  train  on  the  Cumber- 
land Valley  Railroad  struck  an  empty  box  car  that  had  been 
blown  by  the  wind  from  a  siding  on  to  the  main  track,  about 
3  miles  south  of  here  to-night.  The  engine  fell  over  on  its 
side,  and  both  engineer  and  fireman  were  jammed  between  the 
engine  and  tender,  but  escaped  serious  injury. 

Hartford  City,  Ind.,  April  21. — A  Pan  Handle  freight  train 
plunged  down  an  embankment  near  here  to-day.  J.  A.  Phil- 
lips, the  engineer,  was  fatally  injured,  and  C.  L.  Tucker,  the 
fireman,  had  both  legs  broken.  The  accident  was  caused  by 
the  engineer  running  into  an  open  switch,  believing  he  was 
on  the  main  track. 

Lancaster,  N.  H.,  April  22.— A  freight  train  on  the  Grand 
Trunk  Railway  ran  into  a  washout  at  a  bridge  over  the  Xulhe- 
gan  River,  near  Wenlock,  to-night.  The  engineer  was  killed 
and  the  fireman  badly  injured. 

Sherman,  Tex.,  April  26.— A  freight  train  on  the  Houston  A 
Texas  Central  Railroad  was  wrecked  1  mile  north  of  Van 
Alstyne  this  morning.  Circumstances  indicate  a  premeditated 
case  of  train-wrecking.  A  cross-tie  placed  near  the  cattle 
guard  was  the  obstruction.  Charlie  Clappert,  the  engineer, 
was  slightly  scratched. 

Patchogue,  L.  I.,  April  26. —Eugene  Bancroft,  an  engineer 
on  the  Long  Island  Railroad,  was  stepping  from  his  engine 
this  morning  when  he  slipped  and  fell  between  the  driving- 
wheels.  Both  legs  were  crushed,  the  right  one  being  entirely 
severed  at  the  hip. 

Winnipeg,  Manitoba,  April  27. — A  broken  rail  caused  an 
engine  and  three  cars  to  leave  the  track  of  the  Canadian 
Pacific  Railroad  near  here  to  day.  The  engineer  was  seriously 
hurt. 

Houston,  Tex.,  April  28.— On  the  Atchison,  TopekaA  Santa 
F<j  Railroad,  between  Kenny  and  Bellville,  a  rock  tiain  ran 
into  the  rear  of  a  freight,  telescoping  the  freight  and  several 
of  the  cars.  Dad  Christian,  the  engineer  of  the  rock  train, 
was  badly  hurt. 

St.  Louis,  Mo..  April  30. — Two  switch  engines  with  heavy 
trains  behind  them  collided  in  the  yards  of  the  St.  Louis, 
Keokuk  A  Xorthwestern  Railway  to-night.  C.  Berkshaw,  a 
fireman,  was  scalded  to  death. 

Jacksonville,  Fla.,  April  30. — A  train  on  the  Florida  Cen- 
tral A  Peninsula  Railroad  jumped  the  track  and  went  through 
a  30-ft.  trestle  near  Plant  City,  Fla.  The  locomotive  turned 
a  complete  somersault,  and  the  engineer  went  down  under  it. 
His  legs  were  crushed  and  his  head  and  shoulders  badly 
scalded. 

Our  report  for  April,  it  will  be  seen,  includes  28  accidents, 
in  which  5  engineers  and  5  firemen  were  killed,  and  15  engi- 
neers and  14  firemen  were  injured.  The  causes  of  the  acci- 
dents may  be  classified  as  follows  : 

Broken  rail 1 

Broken  tire 1 

Collisions 8 

Defective  air-brake 1 

Derailments 6 

Falling  from  engine 1 

Gas  explosion 1 

Landslide 2 

Misplaced  switch 2 

Obstruction  on  track 1 

Stone-throwing 1 

Struck  by  obstruction 1 

Train-wreckers 1 

Washout 1 

Total , £8 

* 

PROCEEDINGS  OF  SOCIETIES. 


American  Society  of  Mechanical  Engineers.— The  an- 
nouncement has  been  sent  out  that  the  spring  meeting  of  this 
Society  will  be  held  at  Montreal,  Canada,  from  June  5  to  June 
9.  The  opening  session  will  be  held  at  Molson  Hall,  at  McGfll 
University,  at  8.30  p.m.  of  Tuesday.  The  following  papers  will 
be  read  and  discussed  :  A.  K.  Mansfield.  Xotes  on  the  Theory 
of  Shaft  Governors  ;  Albert  F.  Hall,  Heat  Units  and  the  Speci- 
fications for  Pumping  Engines  ;  W.  H.  Bristol,  A  Xew  Re- 
cording Pressure  Gauge  for  Extremely  High  Ranges  of  Press- 
ure ;  Frank  Richards,   A  Note  on  Compressed  Air  ;  A.  W. 
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Robinson.  The  Relation  of  the  Drawing  Office  to  the  Shop  in 
Manufacturing;  R.  B.  Thurston,  The  Theory  oi  the  Steam 
Jacket;  Current  Practice;  D.  S.  Jacobus,  Results  of  Experi- 
ments with  a  50-H.P.  Single  Non  condensing  Ball  &  Wood  En- 
gine to  Determine  the  Influence  of  Compressionon  Water  Con 
sumption  ;  frank  II.  Ball,  Cylinder  Proportions  for  Compound 
Engines,  Determined  by  their  Free  Expansion  Losses  ;  F.  M. 
Kites,  A  New  Method  ol  Compound  Steam  Distribution  ;  Jesse 
M.  Smith,  Tests  of  :i  Small  Eleetrie  Railway  Plant  ;  W.  S. 
Aldrich,  Power  Losses  in  the  Transmissive  Machinery  of  Cen- 
tral Stations  ;  M.  P.  Wood,  Rustless  Coatings  for  Iron  and 
Steel  ;  .lames  MeHride,  Corrosion  of  Steam  Drums  ;  C.  W. 
Hunt,  A  New  Mechanical  Fluid  ;  P.  R.  Mutton,  First  Station- 
ary Steam  Engines  in  America  ;  DeCourcy  May,  Cost  of  an 
Indicated  II. P.  ;  John  R.  Freeman,  A  New  Form  of  Canal 
Waste  Weir  ;  G.  W.  Bissell,  Effect  of  Varying  the  Weight  of 
the  Regenerator  in  a  Hot-air  Engine  ;  W.  R.  Roney,  Mechani- 
cal Draft  for  Boilers  ;  R.  C.  Carpenter,  The  Saturation  Curve 
as  a  Reference  Line  for  Indicator  Diagrams  j  Denton-Jacobus- 
Rice,  Results  of  Measurement  of  the  Water  Consumption  of 
an  Unjacketed  1,600  II. P.  Compound  Harris-Corliss  Engine  ; 
F.  B.  King,  Notes  on  the  Corrosion  of  a  Cast-steel  Propeller 
Blade. 

The  social  entertainments  will  consist  of  an  informal  drive 
about  Mont  Royal  Park,  an  excursion  by  special  train  to  La- 
chine  and  down  the  rapids,  an  excursion  to  the  dredging 
operations  conducted  in  the  harbor,  visits  to  the  Montreal 
Street  Railway  Company's  power  house,  with  luncheon  and 
inspection  of  the  power  plant,  a  garden  party  at  the  house  of 
Mrs.  J.  II.  R.  Molson,  and  an  excursion  to  Ottawa  by  special 
train  over  the  Canadian  Pacific  Railroad.  Notice  has  been 
sent  out  by  the  Secretary  that  an  effort  is  being  made  to  secure 
the  facilities  of  a  special  train  by  way  of  the  Vermont  Central 
Railroad,  so  that  passengers  from  New  York  City,  meeting  the 
New  England  contingent  in  cars  from  Boston  at  White  River 
Junction,  can  enjoy  the  pleasures  of  a  journey  at  no  greater 
cost  than  the  regular  rate,  and  perhaps  at  a  reduction  of  fare. 
The  train  will  probably  leave  New  York  at  ten  o'clock  Mon- 
day morning,  June  4.  The  headquarters  are  to  be  at  the  Wind- 
sor Hotel,  where  the  rales  are  from  $3  to  $3.50  per  day.  Mem- 
bers are  specially  requested  to  wear  the  button  badge  used  at 
conventions,  as  they  render  social  acquaintance  more  easy. 


Engineers'  Society  of  Western  Pennsylvania.— At  the 
regular  meeting  of  March  20,  Mr.  Thomas  B.  Nichols  read  a 
paper  describing  the  emerald  mines  of  Muzo,  in  the  Republic 
of  Colombia,  South  America.  These  mines  have  been  worked 
for  upward  of  two  hundred  years,  and  were  known  long 
before  the  Spaniards  explored  and  took  possession  of  the  coun- 
try, and  they  are  still  said  to  be  the  richest  emerald  mines  in 
the  world.  The  entrance  to  the  mines  is  at  the  end  of  a  ridge, 
near  the  junction  of  two  mountain  streams.  The  rock  is 
bituminous  black  limestone,  for  the  most  part  laminated  like 
slate,  the  slabs  being  2  or  3  in.  thick.  These  are  separated 
from  each  other  by  layers  of  a  black  powder.  Tin's  formation 
is  thickly  crossed  by  innumerable  veins  of  carbonate  of  lime, 
in  the  intersections  of  which  veins  the  emeralds,  in  a  rough 
slate,  are  found,  generally  associated  with  crystals  of  a  trans- 
parent quartz  and  a  yellow  mineral  not  yet  classified.  The 
finest  stones  are  found  in  the  black  powder.  The  mine  itself 
is  in  a  deep  basin  excavated  back  of  a  sharp  ridge,  and  is  about 
(500  ft.  in  diameter  and  100  ft.  deep.  The  water  from  the  mine 
is  drained  from  it  through  a  trough  about  150  ft.  to  an  adjoin- 
ing brook.  In  the  rainy  season  this  brook  becomes  a  furious 
torrent. 

In  the  center  of  the  mine,  a  little  to  the  left,  is  placed  a  small 
shed,  where  the  superintendent  can  watch  the  operations  of 
the  miners.  The  only  tool  these  miners  use  is  an  iron  crow- 
bar .J  in.  thick,  with  a  chisel  edge,  and  weighing  25  lbs.  With 
this  instrument  the  rock  is  broken  and  allowed  to  fall  into  a 
sluiceway  beneath.  Water  is  collected  in  a  tank  above.  Winn 
the  quantity  is  sufficient,  it  is  let  fall  on  the  mass  below,  and 
by  this  means  the  debris  is  washed  awav,  leaving  the  emeralds 
in  the  sluices.  Every  evening  the  sluices  are  carefully  exam 
ined  and  the  emeralds  collected.  Even  the  close  watching  of 
the  superintendent,  however,  fails  to  get  all  the  emeralds  for 
the  mine  owners,  for  a  great  many  of  the  stones  are  stolen  by 
the  miners,  who,  as  a  general  rule,  are  not  very  honest.  A 
former  manager  of  the  mines,  with  whom  I  was  acquainted, 
told  mi'  that  perhaps  25  per  cent,  of  the  gems  never  went  into 
the  hands  of  the  company,  but  were  taken  by  workmen 
and  sold  on  their  own  account.  The  demand  for  the  stones 
influences  the  number  of  workmen  employed  This  number 
varies  at  times  from  50  to  500.  They  an-  fed  by  the  company, 
and  it  costs  20  cents  a  day  to  feed  each  man.  Their  wages 
vary  from  20  to  40  cents  a  day. 

The  mines  are  owned  by  the  Colombian  Government,  but 


are  operated  by  an   English  company,  which  rents  them  from 
the  owners.      The  mines  ale  two  in   number.      Before  the  tall 

ol  Napi  '.on  III.  tin    Empress  Eugenie  was  said  to  possess  the 

largest  emerald  In  the  world. 

Association  of  Engineers  of  the  South. — At  a  recent  meet 
ing  Mr.  Samuel  Wallace  gave  a  talk  on  paints,  bringing  out 
considerable  valuable  and  interesting  information.  Among 
other  things  he  gave  a  description  of  the  best  method  of  paint- 
ing ironwork,  in  which  he  recommended  that  the  lirst  coat 
should  consist  of  pure  red  lead  in  powder  and  raw  oil  to  be 
used  within  two  or  three  weeks  after  mixing,  and  to  be  kept 
thorough!}'  mixed  while  using.  This  will  dry  in  from  24  to 
30  hours.  The  red  lead  should  be  ground  in  a  mill,  if  possi- 
ble, immediately  before  using.  If  the  finish  is  to  be  black, 
use  two  coats  made  from  paste  consisting  of  05  per  cent,  pig- 
ment and  35  per  cent,  raw  oil.  The  pigment  to  consist  of  65 
per  cent,  sulphate  of  lime,  30  per  cent,  lampblack,  and  5  per 
cent,  red  lead  as  a  dryer.  The  whole  thinucd  to  a  proper  con- 
sistency with  pure  boiled  oil.  This  paint  ready  for  use  will 
cost  about  65  cents  per  gallon.  If  the  finish  is  to  be  in  red  or 
brown,  use  a  paste  consisting  of  75  per  cent,  pigment  and 
25  per  cent,  pure  law  oil.  The  pigment  to  consist  of  55  per 
cent,  sulphate  of  lime,  40  per  cent,  oxide  of  iron  free  from 
sulphur  and  caustic  substances,  and  5  per  cent,  carbonate  of 
lime  as  a  dryer.  The  sulphate  of  lime  to  be  fully  hydrated. 
This  paint  will  cost,  ready  for  use.  about  60  cents  per  gallon. 
Lead  paints  are  not  recommended  for  finishing  coats  on  ac- 
count of  chalking,  neither  is  zinc  on  account  of  cracking. 
Graphite  paint  does  not  dry  well  in  linseed  oil,  and  is  not  im- 
pervious to  water.  The  color  is  steel  gray.  Both  white  and 
red  lead  should  be  thoroughly  tested  for  purity. 


International  Railway  Congress.  —  The  International  Rail- 
way Congress,  which  is  attended  by  representatives  from  all 
of  the  European  railways,  will  hold  its  next  session  in  London 
in  the  month  of  June,  1895.  This  next  session  will  be  the 
fifth,  the  preceding  reunions  having  taken  place  at  Brussels, 
Par  s,  Milan  and  St.  Petersburg,  having  had  its  origin  at  the 
centennial  celebration  of  the  introduction  of  railways  in  Bel- 
gium, to  which  a  great  number  of  railway  men  were  invited. 
This  reunion  was  so  successful  that  it  was  decided  to  create  a 
permanent  organization  for  the  purpose  of  organizing  others 
in  different  centers  of  railway  activity.  The  permanent  oflice 
of  the  commission  is  at  Brussels,  and  it  is  composed  of  30 
members  renewed  in  thirds  at  each  session.  The  association  is 
certainly  very  unique,  and  seems  admirably  organized  for  ob- 
taining the  maximum  results  at  the  work  of  the  session.  The 
present  President  is  Sir  Andrew  Fairburn,  General  Manager 
of  the  Great  Northern  Railway  of  England,  and  member  of 
the  Executive  Committee.  The  Vice-President  is  Mr.  Emlyn, 
Vice-President  of  the  Great  Western  Railway,  and  the  Secre- 
tary is  W.  W.  Ackworth.  The  association  of  English  railways, 
who  have  appointed  a  special  committee  for  the  reception  of 
the  guests  in  great  number,  have  selected  Mr.  Ackworth  as 
secretary  of  this  committee,  and  upon  him  will  fall  the  greater 
part  of  the  duties  of  taking  charge  of  the  concourse. 


Civil  Engineers'  Society  of  St.  Paul.— At  a  meeting  held 
on  May  7  Mr.  0.  Clausscn  read  a  paper  on  the  Requirements 
of  Municipal  Electric  Light  Plant  Installation,  advocating  the 
location  of  the  power  house  near  a  plentiful  supply  of  water, 
in  order  that  compound  condensing  engines  might  be  used,  and 
yet  far  enough  liom  the  business  center  to  escape  excessive 
cost  of  real  estate,  while  near  enough  to  profit  by  transporta- 
tion facilities.  Tiled  Boors  were  recommended  for  the  engine 
and  dynamo  rooms,  with  rubber  mats  that  were  to  be  placed 
where  necessary  for  protective  insulation.  A  traveling  crane 
as  a  fixture  would  assist  in  handling  the  equipment.  The 
machinery  and  foundations  were  to  be  massive  and  of  hard- 
burned  brick  laid  in  Portland  cement.  He  favored  low  speed 
triple-expansion  engines,  water-lube  boilers,  extra  feed  pump 
capacity,  economizers  and  smoke  consumers.  Steam  pipes 
were  to  be  furnished  with  magnesia  casing  and  fitted  with 
numerous  valves  in  case  of  accident. 


Association  of  Engineers  of  Virginia. — At  a  meeting  on 
April  18  Mr.  G.  R.  Henderson  read  a  paper  on  boiler  construc- 
tion, in  which  he  gave  an  interesting  description  of  a  modern 
boiler  plant,  where  a  short  stack  with  a  fan  was  used  to  regu- 
late the  draft  instead  of  the  usual  very  expensive  stack,  and 
wdiere  the  fuel  was  nut  handled  except  by  the  mechanical 
means  after  it  was  dumped  by  the  teamster  until  the  ashes 
were  let  into  the  cart  to  be  taken  away.  Also  of  the  latest 
designs  of  water  tube  boilers,  showing  the  novelties  of  their 
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construction.  Novelties  of  details  were  also  given,  among 
them  a  description  of  the  Serves  ribbed  tubes,  accompanied 
bv  an  extract  of  a  paper  read  by  M.  Keromnes  before  the 
French  Society  of  Civil  Engineer.-,  which  showed  an  economy, 
in  a  locomotive  test,  of  from  15  to  2D  per  cent,  for  the  Serves 
tubes  over  the  smooth  tubes.  The  large  excess  in  first  cost 
will  probably  prevent  their  early  introduclijn  in  this  country 
except  where  fuel  is  very  dear. 


Engineers'  Club  of  Cincinnati.— At  a  recenl  meeting  Mr. 
C.  Wood,  Chief  Engineer  of  the  Cincinnati,  Hamilton  &.  Day- 
ton Railroad,  read  a  paper  on  the  construction  of  a  new 
freight  house  recently  built  by  his  Company  at  Cincinnati  for 
outbound  business.  The  principal  building,  and  an  additional 
covered  platform  of  brick  pavement,  are  constructed  of  iron- 
work, having  posts  of  four  angles  latticed,  resting  in  cast-iron 
shoes  filled  with  concrete,  purlins,  trusses,  and  all  parts  of 
iron.  The  sides  above  the  sash  over  the  doors  and  the  roof 
are  covered  with  galvanized  iron.  Floor  of  3  in.  oak  stringers 
bedded  in  cinders.  Rolling  steel  shutters  made  in  two  10-ft. 
parts  in  20-ft.  space,  with  the  post  between  hung  on  pivot  so 
as  to  allow  of  being  swung  back,  thus  making  opening  20  ft. 
clear. 


Z  Engineers' jClub  of  St.  Louis.  — At  a  meeting  of  April  11 
Mr.  J.  A.  Laird  read  a  paper  on  the  new  machinery  being  in- 
stalled at  the  water-works.  In  referring  to  the  details  of  the 
pumping  engines,  he  said  that  the  shaft  of  the  high-service 
engine  No.  6  is  of  nickel  steel  92,000  lbs.  tensile  strength  and 
22  per  cent,  elongation  in  four  diameters.  The  capacity  and 
duty  teste  on  the  Chain  of  Rock  engines  are  to  be  for  720  con- 
secutive hours.  There  is  a  15-ton  electric  traveling  crane  in 
the  engine  house  at  the  Chain  of  Rocks  ;  vertical  hoist,  80  ft. 
It  has  not  caused  a  moment's  delay  in  nine  months'  use,  and 
is  looked  after  and  run  by  an  ordinary  helper.  There  are 
separate  steam  mains  for  each  pair  of  engines.  All  feed-water 
will  be  metered.  The  running  of  the  entire  plant  will  be 
made  as  near  as  possible  a  perpetual  duty  trial. 


'American  Railway  Master  Mechanics'  Association.— The 
Secretary  has  sent  out  a  final  circular  calling  attention  to  the 
fact  that  the  annual  convention  will  meet  at  Saratoga,  N.  Y., 
at  9  a.m.  June  18  ;  the  headquarters  of  the  Association  to  be 
at  Congress  Hall.  Members  and  others  intending  to  be  pres- 
ent should  apply  to  Mr.  H.  S.  Clemens,  Congress  Hall.  The 
charge  where  no  extras  are  furnished  will  be  $3  for  each 
person. 

The  Secretary  has  also  issued  another  circular  in  which  he 
states  that  there  will  be  two  vacancies  for  scholars  at  Stevens' 
Institute  of  Technology  in  September  next.  Sons  of  memliers 
and  of  deceased  members  only  are  eligible.  Those  desiring 
particulars  of  the  entering  examination  will  receive  the  same 
by  writing  to  Angus  Sinclair,  5  Beekman  Street,  New  York. 


Master  Car-Builders'  Association. — Secretary  Cloud  has 
sent  out  a  circular  calling  attention  to  the  announcement  of 
the  fact  that  the  twenty-eighth  annual  convention  of  this  As- 
sociation will  lie  held  at  Saratoga,  with  headquarters  at  Con- 
giess  Hall,  the  first  session  of  the  convention  to  be  called  to 
order  at  9  a.m.  Tuesday,  June  12.  Members  and  others  are 
again  reminded  that  application  for  rooms  should  be  addressed 
to  A.  H.  Clements,  Manage:  of  Congress  Hall,  who  has  made 
arrangements  for  the  usual  accommodations  to  all  in  attend- 
ance at  the  rate  of  $3  pei  day. 


Boston  Society  of  Civil  Engineers. — At  a  meeting  held 
on  April  IS,  Mr.  A.  L.  Plimpton,  Chief  Engineer  of  the  West 
End  Street- Railway  Company,  gave  an  interesting  account  of 
the  experience  that  they  had  in  welding  tracks  electrically, 
illustrating  his  remarks  by  blackboard  sketches  and  specimens 
of  welded  joints. 


PERSONALS. 


'  TnF.'title  of  Mr.  E.  W.  Grieves,  Master  Car-Builder  of  the 
Baltimore  &  Ohio  Railroad,  has  been  changed  to  Superinten- 
dent of  Car  Department,  with  headquarters  at  Camden  Station, 
Baltimore.  The  duties  of  the  Superintendent  of  Car  Depart- 
ment will  be  the  same  as  those  heretofore  discharged  by  the 
Master  Car-Builder,  and  he  will  report  to  the  General  Manager. 


The  title  of  Mr.  Walter  Ancker,  Supervisor  of  Floating 
Equipment  on  the  same  road,  has  been  changed  to  Superin- 
tendent of  Floating  Equipment,  with  headquarters  at  Camden 
Station,  Baltimore.  In  addition  to  the  duties  heretofore  per- 
taining to  the  position  of  Supervisor  of  Floating  Equipment, 
he  will  have  charge  of  the  repair  and  maintenance  of  the  Com- 
pany's wharf,  dock,  pier,  and  bulkhead  properties. 

Mr.  E.  E.  Posey  has  been  appointed  General  Passenger 
Agent  of  the  Mobile  &  Ohio  Railroad  Company,  with  head- 
quarters at  Mobile,  Ala.  He  will  confer  from  time  to  time 
with  the  General  Manager  and  General  Auditor  upon  matters 
pertaining  to  the  passenger  department. 

Francis  M.  Slmonds  has  opened  .1  laboratory  at  20  Piatt 
Street,  New  York  City,  for  purposes  of  making  original  inves- 
tigations or  experiments  in  chemical  and  metallurgical  proc- 
esses, including  the  analyzing  and  assaying  of  ores. 

Mr.  Edward  F.  Luce  has  been  appointed  General  Agent  of 
the  Detroit  Lubricating  Company,  with  headquarters  at  Chi- 
cago, and  the  Chicago  office  has  been  removed  from  the  West- 
em  Union  Building  to  No.  941  Rookery  Building. 

Mr.  J.  F.  Scott,  Master  Car-builder  of  the  Evans  &  Terre 
Haute  Railroad  Company,  has  resigned,  and  the  office  has  been 
abolished.  Mr.  John  Toruf.nce  has  been  appointed  Superin- 
tendent of  Motive  Power  and  Rolling  Stock.  This  order  took 
effect  on  Mav  15. 


STANDARD   SPECIFICATIONS   FOR   STRUC 
TURAL  STEEL. 


|Bt  George  H.  Thomson. 


materials  for  steel  bridges. 

General.— 1.  All  of  the  materials  used  in  the  manufacture 
of  the  bridges  shall  fully  and  strictly  conform  to  the  several 
specifications  as  follows  : 

A.  Specifications  for  raw  materials. 

B.  Specifications  for  ingots. 

C.  Specifications  for  rolled  steel. 

2.  The  materials  used  in  the  manufacture  of  bridges  shall 
be  made  from  the  raw  materials  to  the  finished  product  at  one 
establishment. 

3.  The  finished  material  shall  not  be  shipped  from  the  rolling 
mills  until  the  Inspector  of  Rolled  Steel  has  duly  accepted 
and  marked  the  same. 

4.  The  Consulting  Engineer  reserves  the  right  to  reject  all 
the  steel  from  any  special  cast  that  has  passed  the  require- 
ment of  three  specifications  above  enumerated,  provided,  how- 
ever, that  three  out  of  five  specimens  selected  at  random  by 
him,  from  material  rolled  from  said  special  cast  shall  show 
evidence  of  "  piping"  or  lamination. 

5.  Materials  for  steel  bridges  shall  be  ordered  upon  bills  ap- 
proved by  the  Consulting  Engineer.  The  contractor  shall 
submit  in  triplicate  form  complete,  correct,  and  legible  bills, 
exhibiting  the  order  numbers,  name  or  number  of  bridge  cov- 
ered by  the  order,  giving  the  location  of  the  furnaces  and 
mills  where  the  ingots  are  cast  and  the  steel  is  to  be  rolled. 
Should  the  Consulting  Engineer  approve  the  bills  two  copies 
shall  be  retained  by  him  and  one  returned  to  the  contractor. 

6.  The  Consulting  Engineer  reserves  the  right  to  make  such 
analysis,  examinations,  etc.,  on  ingots  and  finished  material, 
either  physical  or  chemical,  as  he  deems  necessary  to  arrive  at 
a  thorough  knowledge  of  the  solidity  of  the  ingots  or  the 
physical  or  chemical  character  of  the  rolled  product  ;  and  the 
contractor  shall  furnish  such  pieces  of  identified  finished  mate- 
rial for  examination  as  the  Consulting  Engineer  may  require. 

7.  The  Consulting  Engineer  reserves  the  right  to  mark  all 
rejected  finished  material  with  a  permanent  mark  of  identifi- 
cation. 

8.  The  expense  of  inspection  of  the  raw  materials,  the  in- 
spection of  ingots,  and  the  inspection  of  rolled  steel,  including 
the  record  and  identification  of  the  same,  together  with  the 
cost  of  chemical  and  occasional  microscopic  work,  shall  l>e 
borne  by  the  contractor.  The  inspectors  shall  be  appointed 
by  the  Consulting  Engineer. 

9.  These  specifications  throughout  are  subject  to  the  inter- 
pretation of  the  Consulting  Engineer. 
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SPECIFICATIONS  FOR    RAW   MATERIALS  USED    IN  THE  MANUFAC- 
TURE. OF  STEEL  FOR  INGOTS. 

1.  All  raw  materia)  used  in  the  manufacture  of  steel  ingots 
shall  be  chemically  within  the  Bessemer  limit  of  the  following 
proportions  of  1  per  cent. : 

Sulphur 05 

Phosphorus 10 

Copper 40 

2.  All  raw  materials  shall  be  subject  to  the  acceptance  or  re- 
jection of  the  Inspector  of  Raw  Materials. 

3.  The  contractor  shall  furnish  to  the  Inspector  of  Raw 
Materials  complete  and  correct  reports  of  all  raw  materials  to 
be  used  in  every  heat  prior  to  charging  the  same  into  the 
furnaces. 

4.  The  Inspector  of  Raw  Materials  shall  have  free  access  at 
all  times  to  all  stock  piles  and  other  stores  of  raw  materials, 
and  the  contractor  is  to  furnish  said  inspector  all  reasonable 
data  and  facilities  to  assist  him  in  the  inspection  and  ideutift- 
cation'of  all  raw  materials. 


Rolled  Steel  from  SUCh   test    pieces  (to  he  prepared  by  the  COO 

tractor)  as  said  inspector  shall  determine,  as  follows  ; 

Not  more 
Not  less  Ihtui  per 
tlwtn  lb?.       sq.  in. 

Ultimate  tensile  strength  plates  anil  shapes 58,000        05.IN'" 

"  "  •'  rivet  rod 50,000        51.000 

Elastic  limit  plates  and  shapes 88,000 

Elongation   plates  and   shapes  under  30  in.  wide  26 

per  cent,  in  S  in.  lenglh. 
Elongation  plates  over  38  in.  wide  24 per  cent,  in  8  in. 
length. 

Reduction  of  area  plates  and  shapes  50  per  cent 

"  rivet  rod  50    "    " 

5.  The  fractures  of  test  pieces  shall  be  mainly  fine  grained. 

6.  Finished  rivet  rod  when  heated  to  a  red  heat  and  upset 
for  3  in.  of  metal  shall  show  (upon  cutting  out)  a  silky  frac- 
ture. 

7.  Strips  of  finished  material  cut  along  the  direction  of  roll- 
ing shall  withstand  cold  bending,  double  upon  itself  under 
the  hammer  without  visible  cracking. 

8.  Prepared  specimens  cut  from  finished  material  at  random 
shall  show  no  "  piping." 


GAGNIER-GRIFFIN   SUSPENDED  BRIDGE  RAILWAY. 


,  ,5.  Rejected  raw  materials  shall  not  be  used  in  the  manufac- 
ture of  ingots. 

SPECIFICATIONS   FOR   THE  MANUFACTURE   OF   INGOTS. 

1.  All  ingots  must  be  cast  from  steel  melted  in  an  acid-lined 
open-hearth  furnace. 

2.  The  ingots  shall  be  subject  to  the  acceptance  or  rejection 
of  the  Inspector  of  Ingots. 

3.  No  single  ingot  or  casting  shall  (in  order  to  avoid  extreme 
segregation)  exceed  15,000  lbs.  in  weight. 

4.  All  ingots  must  be  bottom  cast. 

5.  No  ingot  shall  be  disturbed  or  removed  from  the  position 
in  which  it  is  cast  until  it  is  sufficiently  solidified  to  obviate 
"  bleeding." 

6.  All  ingots  shall  be  duly  marked  for  identification,  and  a 
complete  and  correct  report  of  each  cast,  giving  the  numbei, 
size,  and  weight  of  each  ingot,  shall  be  furnished  by  the  con- 
tractor to  the  Inspector  of  Ingots  within  five  hours  after  the 
cast  is  made  ;  and  the  contractor  shall  furnish  said  inspector 
such  further  data  as  he  may  require  to  assist  him  in  keeping 
the  record  of  the  identity  of  the  ingots. 

7.  The  Inspector  of  Ingots  shall  have  free  access  at  all  times 
to  the  works  where  the  ingots  are  cast. 

SPECIFICATIONS   FOR   ROLLED  STEEL 

1.  Steel  shall  be  rolled  only  from  identified  and  duly  ac- 
cepted ingots. 

2.  Finished  rolled  steel  shall  show  under  analysis  not  more 
than  the  following  proportions  of  1  per  cent. : 

Phosphorus 08 

Sulphur 04 

Manganese 45 

Copper 20 

3.  All  finished  rolled  steel  shall  be  straight,  well  finished  in 
the  rolling,  full  to  dimensions  and  free  from  laminations, 
buckles,  surface,  edge,  or  other  defects. 

4.  All  finished  rolled  steel  shall  possess  certain  definite  physi- 
cal properties,  which  shall  be  determined  by  the  Inspector  of 


INSTRUCTIONS  TO  INSPECTORS. 

1.  The  Inspector  of  Rolled  Steel  will  take  general  charge  of 
inspection,  appointing  the  Inspector  of  Raw  Materials  and 
the  Inspector  of  Ingots.  He  will  examine  and  check  tdl  or- 
ders, shipments,  reports,  tests,  aud  other  examinations,  etc. 
He  will  record  all  rejected  raw  material,  ingots,  and  rolled 
steel,  and  notify  the  contractor  of  the  causes  for  rejection  of 
the  same. 

2.  The  Inspector  of  Rolled  Steel  will  direct  the  work  of  the 
Inspector  of  the  Raw  Materials,  and  see  that  he  is  very  famil- 
iar with  the  several  grades  of  raw  material  in  current  use  tit 
open  health  furnaces  ;  that  he  makes  inspections  personally  ; 
and  that  he  identifies  inspected  raw  materials  ;  that  he  is  on 
duty  day  and  night  when  required  ;  and  that  he  turns  over  to 
the  Inspector  of  Ingots  a  correct  certificate  and  record  of  all 
identified  raw  materials  accepted  or  rejected  by  him. 

3.  The  Inspector  of  Rolled  Steel  will  direct  the  work  of  the 
Inspector  of  Ingots  and  see  that  he  is  familiar  with  the  work 
of  the  furnaces,  the  uniformity  of  the  product,  etc.;  that  he 
traces  the  raw  materials  to  the  charging  of  the  same  into  the 
furnaces,  and  thence  to  the  ingots,  and  thence  to  the  mills,  re- 
porting the  same  to  the  Inspector  of  Rolled  Steel  ;  that  he 
is  on  duty  day  and  night  when  required  ;  that  he  rejects 
"  bled"  ingots,  or  ingots  not  bottom  cast  ;  that  he  notes  espe- 
cially casts  that  have  been  too  violently  or  quickly  melted  or 
burnt,  and  that  he  reports  the  same  for  special  examination 
of  steel  rolled  therefrom. 

4.  The  Inspectors  of  Rolled  Steel  personally  will  inspect  the 
rolling  of  material  only  from  traced  ingots,  and  he  will  from 
time  to  time  test  for  the  properties,  chemical  and  physical, 
called  for  under  the  specifications  for  rolled  steel.  He  will  be 
on  duty  at  all  times  required. 

5.  The  Inspector  of  Rolled  Steel  shall  establish  and  assign 
a  value  to  all  rolled  steel  inspected  by  him,  and  shall  then 
record  this  value.  Rolled  steel  which  has  been  accepted  by 
him  as  satisfying  all  the  requirements  of  the  specifications  for 
rolled  steel  traced  to  accepted  raw  materials  and  ingots  shall 
have  an  assigned  value  of  100. 
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Rolled  steel  which,  more  or  less,  fails  to  meet  the  require- 
ment of  the  three  specifications  shall  have  an  assigned  value 
ascertained  by  the  following  rating  : 

For  steel  traced  to  accepted  raw  materials IS 

"      "         "        ingots 15 

satisfying  clause  2d  specifications  rolled  steel 10 

"     3d  "  "    10 

"     4th  "  "        "    30 

"     5th  "  "         "    10 

"     7th  "  "         "    10 

Total 100 


Manufactures. 


SUSPENSION  RAILWAY  AT  KNOXVILLE 


There  is  a  novel  method  of  crossing  the  Tennessee  River  in 
use  at  Knoxville,  Tenn.,  which  was  constructed  by  the  Gagnier- 
Griffin  Suspended  Railway  Bridge  Company,  of  Chicago,  111. 
It  is  an  aerial  rope  tramway  on  the  property  of  the  Unakaa 
Park  Company.  The  tramway  consists  of  two  If  in.  cables 
stretched  from  the  shore  of  the  river  at  the  terminus  of  the 
West  End  Railway  upward  to  a  bluff  on  the  opposite  bank  350 
ft.  above  the  starting  point,  the  length  of  the  span  being  1,060 
ft. ,  making  a  grade  of  about  33  per  cent.  These  cables  form 
rails  upon  which  the  cradle  travels,  being  hauled  to  and  fro 
by  a  20-11. P.  engine  located  in  the  power-house  at  the  lower 
end  of  the  cable.  These  cables  are  anchored  at  the  lower  end 
or  Knoxville  side  by  being  bolted  to  12  X  12-in.  bolt  timbers  14 
ft.  long,  placed  behind  partitions  of  6-ft.  plank. 

The  connecting  bars  are  12  ft.  long  and  1£  in-,  thick.  The 
staples  to  which  the  cables  are  fastened  have  24  in.  of  thread 
to  take  up  this  slack.  The  hauling  cable  is  a  I  in.  wire  rope, 
and  is  permanently  fastened  to  the  car.  The  anchor  at  the 
upper  end  is  made  of  iron  plates  fastened  to  the  solid  rock. 
The  supporting  cables  have  a  breaking  strength  of  60  tons. 

The  upward  trip  consumes  about  3i  minutes,  while  the  de- 
scent only  requires  i  a  minute,  the  car  running  down  by  grav- 
ity. The  empty  car  weighs  1,200  lbs.,  has  a  14-ft.  body,  and 
3ft.  platforms  6  ft.  wide  and  6i  ft.  high,  with  a  seating  capac- 
ity for  16  passengers. 

This  road  merely  exemplifies  one 
of  the  many  purposes  for  which  the 
system  designed  by  G.  H.  Griffin 
is  excellently  suited,  and  can  be  used 
in  many  industries  as  well  as  for 
pleasure  resorts  and  mountain 
climbing.  To  mention  the  number 
of  applications  which  might  be 
made  it  would  be  merely  recapitu- 
lating all  of  the  work  which  is 
necessary  to  be  done  in  mountain 
fastnesses  for  the  transportation 
of  freight  and  passengers.  It  is 
claimed  that  this  bridge  can  be 
built  up  to  3,300  ft.  without  sup- 
port. The  factor  of  safety  used 
in  the  construction  of  the  system 
is  eight  to  one,  and  the  cars  are 
provided  with  all  the  requisite  ap- 
pliances for  insuring  stop  pages 
at  the  right  place.  It  is  certainly 
a  novel  and  daring  piece  of  engi- 
neering, and  one  which,  in  its  con- 
struction and  operation,  will  certainly  attract  a  great  deal 
of  attention. 


THE    MOFFET  TORTABLE  DRILL. 

In  which  clause  4th  is  divided  into  Ultimate  strength 5 

Elastic  limit 15 

Elongation 5 

Reduction  of  area 5 

6.  The  Inspector  of  Rolled  Steel  will  accept  all  steel  valued 
at  100  and  reject  all  steel  of  less  value. 

7.  The  Inspector  of  Rolled  Steel  will  not  accept  satisfactory 
testing  machine  results  as  conclusive  evidence  of  the  quality 
of  the  steel  inspected  further  than  its  rating  of  30  ;  machine 
tests  are  to  be  considered  as  corroborative  only,  and  of  no 
value  considered  alone.  All  of  the  requirements  of  the  specifi- 
cations must  be  satisfied,  and  the  whole  taken  together  shall  be 
tin-  absolute  criterion  establishing  the  value  of  the  steel  before 
acceptance. 

"...  any  test  is  liable  to  yield  untrue  results,  either  from 
incapacity  or    carelessness  in    those  who  use  it." — //■ 
Spencer. 


THE  MOFFET   PORTABLE  DRILL. 


The  accompanying  illustration  represents  a  very  convenient 
form  of  portable  drill  manufactured  by  J.  G.  Timolat,  of 
89-91  South  Fifth  Avenue,  New  York.  The  drill  consists  of 
a  small  rotary  engine  connected  by  steel  gears  with  a  drill 
spindle  carrying  a  taper  socket  at  one  extremity.  The  tool  is 
intended  to  "do  away  with  the  tedious  operations  of  drilling 
with  the  ratchet,  and  the  power  applied  can  be  either  steam 
or  compressed  air  at  a  pressure  of  not  less  than  from  40  to 
45  lbs.  .      . 

The  connection  between  the  drill  and  the  steam  or  air  pipe 
is  made  by  means  of  flexible  hose,  the  length  of  which  deter- 
mines the  area  within  which  the  drill  can  be  operated.  The 
drill  is  fastened  to  the  work  in  the  same  manner  as  a  ratchet 
drill,  and  as  it  weighs  but  45  lbs.  this  can  be  readily  done. 
The  capacity  of  the  drill  ranges  from  holes  of  |  in.  to  2J  in. 
in  diameter,  in  steel,  wrought  or  cast  iron  ;  the  speed  for  the 
different  sizes  of  drills  being  regulated  by  the  feed-valves  and 
feed-screw  without  reducing  the  power  below  a  satisfactory 
working  point.  When  used  as  a  reamer  the  weight  of  the 
tool  carries  the  cutter  through  if  it  is  operated  vertically,  and 
but  a  slight  pressure  is  necessary  for  horizontal  work. 
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bottom,  so  that  in  case  of  exces- 
sive wear  the  slide  bats  may   be 

taken  out  and  planed  at  any 
machine  shop.  The  cross  head, 
which  has  a  babbitted  bearing  on 
top  and  bottom  slides,  is  very  heavy 
and  has  a  large  pin.  This  pin  is 
of  steel  and  is  turned  perfectly 
straight,  and  is  secured  in  a  straight 
hole  which  is  carefully  bored  and 
reamed,  and  into  which  it  is 
clamped  by  studs  as  shown.  An 
end  view  of  the  valve  stem  guide  is 
also  shown  in  this  cut.  This  guide, 
as  well  as  the  valve  bar,  is  made  of 
cast  iron,  and  possesses  large  wear- 
ing surface. 

Fig.  3  is  a  side  view  of  the  main 
bearing,  which  is  so  constructed 
that  it  may  be  removed  without 
lifting  the  shaft  and  tly-wheel  out. 
In  doing  this  the  eccentric  is  first 
moved  laterally  on  the  shaft,  and 
the  shaft,  crank  and  wheel  being 
raised  slightly,  enables  the  box  to 
be  withdrawn  by  means  of  hand- 
screws  inserted  in  the  holes  shown 
in  cut. 

The  cylinder  has  large  ports  9 
per  cent,  of  the  area  of  the  piston. 
The  travel  of  valve  being  large  gives 
an  excellent  distribution  of  steam. 

Fig.  4  is  a  sectional  view  of  the 
slide-valve  partially  balanced.  On 
the  back  of  the  valve  is  a  plain  ring 
bearing  against  planed  surface  on 
the  inside  of  the  steam-chest  cap, 
which  also  embraces  a  round  plug 
turned  on  back  of  valve.  The  joint 
between  plug  and  ring  is  made  tight 
by  a  plain  spring  packing  ring. 
There  is  a  hole  on  the  back  of  the 
valve  which  connects  with  the  ex- 
haust passages  of  the  engine,  re- 
lieving the  valve  of  pressure  in  this 
inner  chamber. 

Fig.  5  is  a  section  of  the  piston. 
The  packing  is  of  Babbitt- Harris 
type,  which  has  done  such  good 
service  in  Corliss  engines  for  years. 
A  peculiar  feature  of  this  piston  is 
the  junk  ring,  which  is  as  wide  as 
the  piston.  If  the  cylinder  has  to 
be  re-bored,  the  owner  does  not 
have  to  purchase  an  entirely  new 
piston,  but  simply  the  junk  ring 
with  its  packing. 

These  heavy-duty  engines  are 
manufactured  in  the  following 
sizes  :  17  in.  X  24  in.,  18  in.  X  86 
in.,  20  in.  X  28  in.,  22  in.  X  80  in., 
and  have  heavy  fly-wheels  and  large 
size  governors.  This  firm  makes 
a  specialty  of  manufacturing  slide- 
valve  engines  from  10  II. P.  to  250 
II.  1'.  A  "Ready  Reference  Book 
for  Steam  Users,"  which  is  of  in- 
terest to  all  engineers,  will  be  sent 
on  application. 


A  HEAVY  DUTY  SLIDE-VALVE  ENGINE. 


We  here  illustrate  a  new  heavy  duly  slide-valve  engine 
manufactured  in  Cincinnati,  0.,  by  Houston,  Stan  wood  & 
Gamble. 

(This  engine  is  one  of  a  series  of  large  size  engines  which  this 
linn  terms  "heavy  duty  engines,"  on  account  of  the  large 
bearings  anil  heavy  design.  These  engines  are  used  to  a 
great  extent  in  distilleries,  planing  mills,  sawmills,  rolling 
nulls,  and  even  in  electric-light  plants  in  localities  where  fuel 
is  cheap. 

Pig.  1  is  a  rear  view  of  the  engine  dismantled,  showing  bal- 
anced slide  valve,  form  of  connecting  and  ecceutric-rods,  and 
the  removable  main  bearing. 

Fig.  2  shows  a  cross  section  of  the  bed  taken  through  the 
slides.     These  slides  are  adjustable  and  removable,  top  and 


L.  S.  G.  GRAPHITE  PAINT. 


TiiF.  Detroit  Graphite  Manufacturing  Company  are  manu- 
facturing a  protective  paint  for  wood  and  iron,  which  is  com- 
posed of  a  natural  product  mined  in  the  Lake  Superior  region 
of  Michigan.  This  product  is  ground  by  special  machinery 
which  produces  a  pigment  of  extreme  fineness  and  smoothness, 
and  which  is  claimed  to  be  absolutely  uniform.  As  graphite 
is  not  affected  by  salt,  acid,  alkalies,  or  ordinary  gases,  it 
makes  one  of  the  best  foundations  possible  for  preservative 
paints.  This  special  paint  has  been  subjected  for  months  to 
acids,  alkalies,  water,  brine,  sulphur  fumes,  etc.,  and  it  is 
guaranteed  to  be  a  sine  protection  against  rust  or  corrosion  of 
any  metallic  portions  painted  with  it,  under  any  circumstances 
and  in  any  climate.  The  natural  color  is  a  very  dark  slate 
approaching  a  steel  black,   but  it,  can  be  furnished  in  dark 
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green,  slate  or  brown,  to  black,  suitable  for  regular  surface 
painting  and  trimming  for  buildings.  It  is  also  claimed  that 
wood  painted  with  it  and  exposed  to  heat  would  char  beneath 


Fig-  3- 

without  burning  the  paint.  Another  feature  which  is  very 
valuable,  is  that  it  is  tenacious  and  elastic  and  will  not  scale 
off  from  metal,  wood,  brick  or  slate  surfaces,  while  it  con- 


Fig-  4- 

forms  to  the  expansion  and  contraction  of  the  metals  painted 
with  it. 

The  illustration  which  we  present  shows  a  common  2-bushel 

grain  bag  painted  with  this 
graphite  paint  in  July,  1892, 
and  which  has  been  kept  con- 
stantly filled  with  water  ever 
since,  without  leaking.  The 
bag  is  still  soft  and  pliable, 
and  although  it  has  twice 
been  frozen  solid,  it  is  still  in 
a  perfect  condition.  Not  a 
drop  of  water  has  leaked,  and 
it  is  apparently  good  for  many 
years  more  of  similar  service. 
This  is  considered  as  the  best 
of  evidence  of  the  waterproof 
and  preservative  qualities  of 
this  graphite  paint. 

Another  adaptation  of  the 
paint  is  the  coating  of  boiler 
tines.  About  a  year  ago  sev- 
eral flues  were  given  a  coat, 
and  although  it  was  thought 
at  the  lime  that  they  would 
^    '•  not  last  six  months,  when  ex- 

amined a  short  time  ago  they  were  found  to  be  in  as  perfect 
condition  as  when  painted,  while  other  flues  in  the  same  boiler, 
which  had  not  been  touched  with  the  graphite,  were  badly 


pa:>  iw  »i\gs 


corroded  and  scaled.  The  painted  flues,  on  the  other  hand, 
had  a  clean  and  almost  polished  surface,  to  which  it  seems 
impossible  for  scale  to  adhere.  This  merely  corroborates  some 
ofjour  own  experience  where  the  marks  on  boiler  sheets  stood 


GRAIN:  BAG  PAI>TED  WITH  L.  S.1G.  GRAPHITE  PAINT. 

out  prominently  and  untouched  by  corrosion  after  several  years 
of  service,  while  the  parts  of  the  sheet  which  had  not  been 
touched  with  the  marking  paint  were  badly  corroded  and 
pitted,  leaving  the  original  marking  p-ojecting  in  a  bold  bas- 
relief. 


EXPERIMENTS  WITH  SERVE  TUBES  MADE  ON 
THE  NORTHERN  RAILWAY  OF  FRANCE. 


By  Keromnes. 


The  Serve  tubes  are  now  being  largely  introduced  in  marine 
boilers,  and  have  been  for  some  time  in  use  on  locomotives  of 
the  Paris,  Lyons  &  Marseilles  Railway  in  France.  The  re- 
sults of  their"  trial  on  that  railway  were  so  satisfactory  that  the 
Northern  Railway  adopted  them  for  three  locomotives  whose 
tube  plates  required  renewal,  and  for  15  new  locomotives  un- 
der construction  at  Belfort.  and  the  results  obtained  were  ex- 
cellent. The  Serve  tube  differs  from  ordinary  tubes  in  having 
eight  internal  radial  ribs  which  serve  to  increase  the  heating 
surface. 

The  Northern  Railway,  in  their  first  trials  of  these  tubes, 
followed  the  example  of  the  Paris,  Lyons  &  Marseilles  Com- 
pany in  using  tubes  of  3J  in.  diameter  instead  of  the  smooth 
tubes  of  2  in  previously  in  use.  The  number  of  tubes  was 
greatly  reduced,  in  some  cases  by  one-half,  while  the  hearing 
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surface  was  at  the  same  time  largely  increased,  and  the  total 
section  of  the  tubes  open  to  the  passage  of  the  gases  somewhat 
increased  also.  The  surface  in  contact  with  the  water  was  of 
course  reduced,  a  matter  of  no  consequence,  since  it  is  in  any 
case  greater  than  is  necessary  to  transmit  the  heat  at  the  rate 
at  which  it  is  taken  up  from  the  gases. 

These  trials  being  so  satisfactory,  it  became  a  question 
whether  Serve  tubes  of  2  in.  diameter  could  not  also  be  made 
to  serve,  since,  if  not,  they  could  not  be  introduced  except 
where  new  tube-plates  were  wanted.  The  experiments  to 
which  this  paper  is  devoted  were  therefore  undertaken.  They 
were  made  with  a  stationary  boiler  of  locomotive  type,  form- 
ing one  of  a  group  of  four  at  the  railway  workshops  of  Forges 
de  la  Chapelle.  Two  fans,  driven  by  Brotherhood  engines, 
were  used  to  represent  the  effect  of  the  blast.  The  grate  had 
an  area  of  14.4  sq.  ft.;  the  tubes  were  160  in  number,  1.97  in. 
in  diameter,  and  14.65  ft.  in  length.  The  heating  surface  in 
the  furnace  was  82  sq.  ft.,  and  in  the  tubes  (before  alteration) 
1,151  sq.  ft.;  the  steam  pressure  was  92.4  lbs.  per  square  inch. 
The  boiler  under  trial  was  tested  alone,  and  also  when  work- 
ing along  with  the  other  boilers. 

The  first  Serve  tubes  tried  had  ribs  of  a  depth  of  0.43  in., 
which  raised  the  heating  surface  from  1,233  sq.  ft.  to  2,336 
sq.  ft.,  but  reduced  the  section  open  to  the  passage  of  the  gases 
from  2.84  sq.  ft.  to  2.56  sq.  ft.  With  natural  draft  the  vapori- 
zation per  pound  of  coal  was  very  slightly  increased,  the  same 
amount  of  steam  being  made  in  the  day  with  a  somewhat  re- 
duced consumption.  With  forced  draft,  however,  the  pro- 
duction of  steam  per  pound  of  coal  was  increased  by  as  much 
as  one-eighth,  the  best  effect  being  got  with  a  vacuum  lying 
somewhere  between  1£  and  2£  in.  of  water.  The  temperature 
in  the  smoke-box  was  lowered  from  518°  P.  (with  smooth 
tubes)  to  338°.  The  temperature  of  the  steam  being  322°,  it  is 
seen  that  very  little  more  use  could  possibly  have  been  made 
of  the  combustion.  The  objection,  however,  to  this  experi- 
ment was  that  the  lubes  got  often  choked  with  ashes  ;  and 
therefore  a  tube  of  2.05  in.  diameter  was  tried  with  ribs  0.35 
in.  in  depth,  the  ribs  extending  to  a  length  of  8.2  ft.  only,  and 
the  rest  of  the  tube  being  smooth.  The  section  for  the  passage 
of  gases  was  now  increased  to  2.69  sq.  ft.,  and  less  choking  of 
the  tubes  occurred  ;  the  efficiency  was  much  the  same  as  in 
the  preceding  case.     Tubes  of  the  same  size  were  therefore 


tubes  used  in  these  trials  have  now  been  fitted  on  two  loco- 
motives under  repair,  with  an  increase  of  weight  in  one  case 
of  154  lbs. ,  and  in  the  other  of  220  lbs.  Fresh  experiments 
will  be  made  with  them  in  service. — Memoiresei  coinpte  rendu 
de  la  Societi  des  lngenieurii-civil. 


Recent  Patents. 


LOCOMOTIVE. 

Mr.  Riciiard  Hel.mholtz,  of  Konigsberg,  Germany,  has 
taken  an  American  patent  on  the  ingenious  plan  of  locomo- 
tive illustrated  by  figs.  1,  2,  3,  4  and  5.  Fig.  1  is  a  diagrammatic 
view,  showing  the  general  arrangement  of  parts  ;  tig.  2  is  a 
side  view  of  the  front  part  of  the  locomotive  ;  fig.  3,  a  trans- 
verse section  through  the  smoke-box  on  two  different  planes, 
and  fig.  4  a  sectional  half  plan  of  the  part  of  the  engine  shown 
in  fig.  2. 


Fig.    I. 

The  objects  and  advantages  of  this  invention  are  described 
as  follows  in  the  specification  : 

"  In  locomotives  of  ordinary  construction  having  two  pairs  of 
(drivers  driven  from  one  pair  of  cylinders,  the  dimensions  of 
such  cylinders  must  be  such  as  to  produce  the  maximum  haul- 
'  ing  power,  which  corresponds,  as  is  well  known,  to  the  total 
weight  resting  upon  the  drivers.     This  construction  has  the 


Fifr.  3- 


Fig    4. 


tried  with  ribs  of  0.275  in.  projection,  both  extending  the 
whole  length  of  the  tube,  and  also  for  a  length  of  8.2  ft.  only. 
The  results  were  much  the  same,  whether  the  rib  was  of  (he 
full  length  of  the  tube  or  not,  and  showed  a  vaporization  of 
'.'.">  per  cent,  in  excess  of  that  of  smooth  tubes  for  the  same 
amount  of  fuel,  with  a  draft  of  3  in.  water  pressure. 

With  tubes  of  this  depth  all  difficulty  as  to  choking  disap- 
peared. With  the  shallower  ribs  it  was  found  that  a  greater 
draft  gave  maximum  economy  than  with  deeper  ribs.     The 


objection  that  when  a  certain  velocity  is  attained,  the  coupling 
of  the  drivers  becomes  superfluous,  for  the  reason  that  the  ad 
hesion  of  one  pair  of  drivers  would  be  sufficient  for  the  haul- 
ing power  determined  by  the  surface  of  evaporation  of  the 
boiler.  Otherwise,  smaller  cylinders  would,  at  these  veloci- 
ties, give  better  results  than  the  dimensions  calculated  for  the 
maximum  hauling  power.  These  two  ilems  ;  first,  the  heavier 
running  of  the  drivers  consequent  on  their  being  coupled,  and 
second,  the  excessive  dimensions  of  the  steam  cylinders,  exert 
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unfavorable  influences  on  the  working  of  the  engine,  and  for 
this  reason  the  best  results  at  high  velocity  as  well  as  the  high- 
est absolute  velocities  have  been  attained  heretofore  by  un- 
coupled drivers  or  locomotives  having  but  one  pair  of  drivers. 


Fig-  5- 

The  use  of  such  engines  is,  however,  usually  inconvenient  by 
reason  of  the  low  hauling  power  of  such  engines. 

The  object  of  the  present  invention  is  to  unite  the  advan- 
tages of  the  locomotive  having  uncoupled  drivers  whereby 
great  velocity  may  be  attained,  with  those  of  the  locomotive 
having  coupled  drivers  whereby  great  hauling  powei  is  im- 
parted. 

In  the  drawings  B  represents  the  main  drivers  driven  from 
the  main  cylinders  a,  as  seen  in  fig.  1,  and  D  represents  the 
auxiliary  drivers  driven  from  the  auxiliary  cylinders  c.  The 
main  engine,  with  its  inner  cylinders  a  and  the  driven  axle  b,  is 
provided  with  very  large  drivers,  to  be  operated  at  all  velocities, 
while  the  auxiliary  engine,  comprising  the  external  cylinders 
c  and  driving  axle  d,  is  provided  with  driving-wheels  of  small 
diameter,  and  is  intended  to  increase  the  hauling  capacity  of 
the  locomotive.  For  this  purpose  I  have  provided  means 
whereby  the  auxiliary  engine  may  be  stopped  when  the  speed 
reaches  the  limit,  and  have  also  provided  means  whereby  the 
forward  driving-wheels  D  and  their  axle  d  may  in  such 
cases  be  raised  clear  of  the  track  in  order  to  reduce  the  load 
on  the  main  cylinders.  The  axle  d  is  placed  between  two 
axles  c  e  of  bearing  truck  wheels  E  properly  united  to  a  swing- 
ing or  pivoted  frame  of  well-known  construction  (seen  in  fig. 
4)  pivoted  on  a  pin,  /,  to  the  main  frame  g  of  the  engine. 

The  drawings  show  that  the  supplementary  axle  d  is  at- 
tached to  bearings  or  jaws  h  h  on  the  main  frame,  although  it 
is  not  so  described  in  the  specifications,  and  the  boxes  slide 
vertically  in  the  ordinary  manner  between  them.  The  bear- 
ings i  (fig.  3)  of  shaft  or  axle  d  are  firmly  connected  with  the 
spring  actuated  or  elastic  supports  k.  These  spring  sup- 
ports k  are  in  the  nature  of  piston-rods,  and  bear  pistons  n 
arranged  in  the  cylinders  I  through  which  they  pass  through 
stuffing-boxes  in  the  ends  thereof,  and  are  connected  to  the 
leaf  springs  m  (figs.  2  and  3)  ;  such  springs  being  supported 
from  the  frame  in  any  convenient  manner  are  tensioned  up- 
wardly in  order  to  keep  the  driving-wheels  D  normally  lifted 
free  from  the  track  for  a  distance  marked  0  in  fig.  3  of  the 
drawings.  By  means  of  a  three-way  cock  p  (fig.  2)  and  the 
pipes  q  steam  is  admitted  to  the  space  above  the  pistons  in 
cylinders  I,  or  said  space  is  placed  in  communication  with  the 
atmosphere.  The  admission  of  steam  thereinto  has,  as  will  be 
obvious,  the  effect  of  depressing  the  drivers  D  into  contact 
with  the  rails. 

The  driving-wheels  D  are  represented  as  having  flanges, 
but  these  would  not  appear  to  be  needed,  as  the  truck  would 
guide  the  engine  and  keep  it  on  the  track. 

The  patent  has  been  assigned  to  the  "  Locomotiv  Fabrik  of 
Krauss  &,  Company,  Aktien-Gesellschaft,"  of  Munich,  and  is 
numbered  516,436.  The  inventor  also  shows  an  application 
of  his  device  to  an  engine  with  two  pairs  of  driving-wheels. 

VOX    DORMLs'    LOCOMOTIVE   FIRE-BOX. 

Kg.  ■")  represents  a  form  of  fiie-box  and  grate  that  has  re- 
cently been  patented  in  this  and  several  European  countries. 
The  whole  back  end  of  the  fire-box,  it  will  be  seen,  is  open, 
or,  rather,  is  without  a  water  space.  Immediately  over  the  fur- 
nace door  or  doors  —  for  there  are  two  of  them— is  a  water  leg,  d. 


This  is  connected  by  pipes  e  with  the  sides  of  the  fire-box,  where- 
by the  steam  generated  in  the  arch  is  conducted  to  the  boiler  and 
a  circulation  of  water  is  maintained  therein.  Immediately  be- 
low the  water-leg  a  feed-lx>x,  q,  is  located.  This  has  two  doors, 
p  and  0  ;  the  former  is  just  large  enough  to  feed  coal  into  the 
box  and  the  latter  extends  the  whole  width  of  the  fire-box,  so 
as  to  facilitate  the  use  of  fire  tools  in  working  the  fire.  A  door, 
I,  gives  access  to  the  ash  pan,  and  enables  the  fireman  to  rake 
out  the  ashes  from  the  under  side  of  the  grate.  The  grate,  it 
will  be  seen,  has  steps  at  its  upper  end,  and  is  straight  at  its 
lower.  These  steps  are  intended  to  retain  the  coal  until  it  is 
coked,  and  the  grate  is  made  straight  at  its  lower  end,  so  that 
when  the  coa!  is  coked  it  will  slide  downward  to  the  front  end 
of  the  fire-box  ;  i  is  a  fire-brick  arch  of  the  usual  form.  The 
water-leg  d  acts  as  a  deflector  for  the  air,  which  may  be  ad- 
mitted through  the  door  p.  The  connection  of  this  arch  with 
the  sides  of  the  fire-box  by  outside  pipes  will  not,  it  is  thought, 
commend  itself  to  locomotive  superintendents.  It  seems  as 
thcugh  a  better  method  of  construction  would  be  to  bring  the 
crown-plate  down,  as  indicated  by  the  dotted  line  »',  which 
has  been  added  to  the  patent  drawing  ;  the  spaced  would  then 
be  connected  directly  with  the  inside  of  the  boiler. 

The  general  ideaot  this  invention  is  to  supply  a  feed-box 
which  can  be  kept  filled  with  coal,  so  that,  when  the  door  p 
is  opened,  there  will  be  comparatively  little  air  admitted,  and 
that  will  be  deflected  downward  over  the  fire.  The  coal  in 
the  feed-box  will  be  heated  and  partially  coked,  and  the  vola- 
tile gases  will  then  be  distilled.  As  this  process  continues  it 
will  be  fed  downward  on  the  grate,  the  lower  portion  of  which 
will  thus  have  a  layer  of  incandescent  smokeless  fuel  on  it. 
The  air  passing  through  this  will  combine  with  the  distilled 
gases  when  the  two  currents  meet  at  t,  and  will  thus  be  con- 
sumed. 

Steeply  inclined  grates,  similar  to  the  one  represented,  never 
seem  to  have  met  with  much  favor  in  this  country,  and  yet 
they  seem  to  have  much  to  recommend  them.  The  patentee 
of  this  invention  is  Fritz  Ritter  von  Dormus,  of  Florisdorf, 
Austria-Hungary.    The  number  of  his  patent  is  516,923. 


Fig.  6. 


DEFENSIVE  RAILROAD  CAR. 

Train  robberies  have  become  so  frequent  in  this  country  that 
they  have  started  inventors  to  provide  means  of  prevention 
and  defense.  Mr.  William  D.  Patterson,  of  Keokuk,  la.,  has 
devised  a  means  of  defense  against  robbers  which  is  shown  in 
fig.  6.  The  objects  of  his  invention  he  describes  as  follows  : 
They  are.  first,  to  provide  a  railroad  car  with  a  simple, 
comparatively  inexpensive,  durable  and  safe  apartment  for 
a  sentinel  to  be  stationed,  and  with  a  vault  connected  there- 
with for  the  reception  of  valuables,  whereby  a  practicably 
impregnable  barrier  is  presented  to  the  depredations  of  a  class 
of  outlaws  or  bandits  that  have  become  known  as  express  and 
mail  train  robbers  ;  and,  second,  to  provide  a  railroad  mail  and 
money  transportation  car,  with  a  compact  burglar-proof  apart- 
ment "having  a  vault,  and  mounted  in  the  car  so  as  to  permit 
of  ready  access  being  had  to  the  interior  thereof,  and  room 
afforded  for  passage  along  and  around  the  apartment  for  en- 
tering the  same,  and  having  suitable  ventilators  and  loop-holes 
and  internal  appliances  to  enable  a  sentinel  or  guard  on  watch 
therein  to  be  prepared  for  any  emergency  that  may  arise,  and 
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with  fire-arms  or  the  like  so  disposed  and  supported  therein  as 
to  permit  of  their  use  when  occasion  arises  through  internally 
closed  loop-holes  of  the  apartment,  the  construction  and  ar- 
rangement being  such  as  to  render  destruction  of  the  apart 
ment  impossible  or  access  to  the  interior  exceedingly  difficult. 

Kg.  l>  is  a  sectional  view  of  a  car  and  the  "  impregnable  bar- 
rier" B.  which  is  descril>ed  as  follows  : 

B  is  the  shell  of  the  burglar-proof  apartment  or  chamber, 
which  in  this  instance  is  in  the  form  somewhat  of  a  cage  and 
constructed  of  iron,  steel  or  other  strong,  impenetrable  mate- 
rial, and  baring  a  contracted  top,  b,  with  radial  apertures  li  ex- 
tending therethrough,  and  with  a  throat  or  stem,  V,  engaging 
with  a  cross  bar,  63,  from  the  interior  of  the  car  from  the  top 


Figs.   7  and  8. 

thereof  and  for  supporting  said  cage  firmly  to  position  :  ¥  is  a 
C  mtracted  hollow  stem  with  a  circular  standard,  ft5. 

Suitable  port-holes  c  with  covers  e ,  a  seat,  c,  etc..  enable  the 
occupant  of  this  fort  to  act  on  the  offensive  as  well  as  defen- 
sive.    The  patent  is  No.  517,334 

Another  inventor — Mr.  Owen  G.  Cates,  Jr.,  of  .St.  Louis, 
Mo. — has  been  working  in  the  same  direction.  A  side  view 
and  plan  of  his  car  is  shown  by  figs.  7  and  8.  His  invention, 
he  says,  consists  in  the  peculiar  formation  of  the  side  and  end 
walls  thereof  in  such  manner  as  to  form  bastions  in  one  or  more 
corners  of  the  car,  or,  in  other  words,  forming  offsets  in  the 
side  and  end  walls  of  the  car,  and  providing  these  offsets  with 
port-holes  covered  by  slides  on  the  inside,  which  can  be  raised 
by  the  occupant  and  give  him  command  of  all  sides  of  the  car, 
thus  enabling  him  to  protect  the  same  from  intruders  in  safety. 

1  indicates  the  side  walls  of  the  car  and  2  the  end  wails 
thereof.  These  side  and  end  walls,  for  the  greater  part  of  their 
length,  extend  uninterruptedly,  but  near  the  corners  are 
formed  with  offsets  3  projecting  outwardly  to  a  plane  beyond, 
from  which  the  side  and  end  walls  of  the  "corneis  are  led!  thus 
formins:  "  faces"  of  bastions,  of  which  the  offsets  3  form  the 
"  flanks." 

Arranged  at  suitable  distances  apart  along  the  length  of  the 
side  and  end  walls.  1  and  2  respectively,  are  port  holes  4  of  a  size 
sufficient  for  the  introduction  and  passage  of  the  barrel  of  a 
firm-arm,  said  port-holes  being  covered  on  the  inside  by  slides 
5  mounted  in  suitable  ways.  The  offsets  3,  or  "'  flanks,"  and 
the  "  taces"  of  the  corners  of  the  car  forming  the  bastions  are 
similarly  provided  with  portholes  6  covered  by  suitable  slides 
1  is  in  the  instance  of  the  port-holes  arranged  along  the  side 
and  end  walls  of  the  car.  By  the  above  arrangement  it  will 
be  noticed  that  by  the  incorporation  of  the  bastions  in  the  car 
they  do  not  detract  from  its  symmetry,  and  the  eaves  of  the 
car  roof  overhanging  the  same,  these  bastions  offer  no  obstruc 
lion.  It  is  also  apparent  that,  if  desired,  offsets  might  also  be 
arranged  midway  the  length  of  the  side  walls,  but  this  is  hardly 
-  iry  in  the  present  construction. 

It  would  seem  as  though  these  two  inventors  ought  to  unite 
their  interests.  A  car  with  .Mr.  Cates's  "  bastions"  and  Mr. 
Patterson's  turret,  with  one  or  two  courageous  men  who  are 
good  shots  to  form  a  garrison,  would  be  a  disagreeable  place 
to  attack. 

CHECK    V.U.YE. 

Mr  I.  mis  Schulte.  of  Philadelphia,  has  patented  an  inven- 
tion which  lie  says  relates  to  horizontally  moving  cheek  valves. 
the  object  being  to  provide  a  valve  of  this  character  which 
will  l>e  balanced  so  that  the  lesistance  offered  to  its  opening 
and  closing  movements  will  be  reduced  to  a  minimum. 

The  invention  consists  primarily  in  combining  with  a  valve 
scat,  a  horizontally  moving  valve  adapted  to  close  the  same 
and  sustained  so  as  to  be  moved  back  and  forth  by  links  or 


equivalent  supports  pivotally  connected  to  the  valve  on  oppo- 
site sides  of  the  same,  and  also  in  a  stop  constructed  to  limit 
the  movement  of  the  valve  or  to  regulate  the  length  of  its 
"  throw." 

Fig.  1  is  a  vertical  sectional  elevation  of  a  valve  and  casing 
having  my  invention  embodied  therein,  the  valve  being  closed 
and  an  adjustable  stop  being  shown  to  regulate  its  movement. 
Fig.  2  is  a  similar  view  with  the  valve  opened,  a  fixed  stop 
being  shown  to  limit  its  opening  movement. 

Referring  to  figs.  1  and  2,  .A  represents  a  suitable  casing 
containing  a  horizontal  passage  therethrough  and  provided 
with  necks  a  n  ,  by  means  of  which  the  casing  may  be  con- 
nected between  the  adjacent  ends  of  pipe  sections,  or  may  be 
applied  in  other  connections  according  to  the  use  to  which  the 
valve  is  put  may  require.  This  casing  is  provided  at  one  side 
with  a  vertical  valve  seat.  B,  adapted  to  receive  and  be  closed 
by  a  valve  proper,  C,  thus  closing  the  passage  through  the 
casing.  The  valve  proper  is  provided  at  its  center  with  oppo- 
sitely extending  flanges  c  c'.  to  which  are  connected  by  hori- 
zontal transverse  pivots  c°  r3,  the  upper  and  lower  ends  respec- 
tively of  sustaining  links  D  V ',  the  opposite  ends  of  said  links 
being  pivoted  on  horizontal  transverse  axes  to  the  valve  casing 
at  opposite  sides  of  the  valve,  as  shown  at  <?  <f . 

From  this  description  it  will  be  seen  that  the  valve  is  sus- 
pended, as  it  were,  by  the  two  oppositely  extending  links,  this 
arrangement  admitting  of  the  movement  of  the  valve  horizon- 
tally. It  will  also  be  seen  that  the  tendency  of  the  valve  to 
open  and  close  will  depend  upon  the  relations  of  the  center  of 
gravity  of  the  valve  to  the  pivoted  axes  c5  c*  of  the  support, 
and  by  suitably  proportioning  the  parts  of  the  valve  and  ad- 
justing the  relations  of  the  axes,  and  the  center  of  gravity 
of  the  valve,  the  amount  of  pressure  necessary  to  close  or  open 
the  valve  and  the  corresponding  amount  of  resistance  to  its 
movements  may  be  reduced  to  a  minimum,  so  that  the  valve 
will  be  truly  balanced  and  will  respond  quickly  to  the  least 
variation  of  pressure  on  its  opposite  sides.  It  will  also  be  noted 
that  the  movement  of  the  center  of  gravity  is  practically  in  a 
straight  line,  as  indicated  at  E.  Its  center  of  gravity  moving 
thus,  it  will  require,  of  course,  less  force  to  move  the  valve 
than  it  would  if  the  center  of  gravity  moved  obliquely  or  in  a 
path  other  than  truly  horizontal. 

In  order  that  the  opening  movement  of  the  valve  may  be 
limited,  I  provide  a  stop,  which  is  represented  in  fig.  1  as 
being  adjustable,  so  that  the  movements  of  the  valve  may  be 
regulated  or  varied.  In  this  figure  the  upper  side  of  the  cas- 
ing is  provided  with  a  depending  boss,  F,  having  a  vertical 


Fig.   1. 


Fig.  2. 


SCHUTTE'S  CHECK  VALVE. 

opening  therein,  on  the  upper  side  of  which  is  fixed  a  neck,/, 
into  which  is  threaded  a  spindle./  ,  the  lower  end/* of  which 
extends  through  the  boss  in  the  casing  to  the  interior  of  the 
same.  The  upper  end  of  the  spindle  is  provided  with  a  hand- 
wheel,/'.  The  lower  end  of  the  spindle  is  in  position  to  be 
encountered  by  the  upper  edge  of  the  link  I)  when  the  valve  is 
opened,  and  by  screwing  the  spindle  down  through  the  casing 
it  is  obvious  that  the  end  of  the  spindle  may  be  adjusted  in 
different  positions  to  be  encountered  by  the  link,  and  thus  vary 
the  movement  of  the  valve.  In  fig.  2  the  stop  is  in  the  form 
of  a  fixed  depending  boss./3,  projecting  downward  into  the 
casing  from  its  upper  Bide  in  position  to  be  encountered  by  the 
upper  edge  of  the  link  D.  as  in  the  first  instance. 
The  number  of  the  patent  is  516,407. 
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EDITORIAL    NOTE. 


As  we  go  to  press  a  report  is  at  haud  regarding  some  remark- 
able results  that  have  been  obtained  at  the  Indian  Head  Prov- 
ing Grounds  with  the  Carpenter  shells.  ■  It  seems  that  a  13  iu. 
projectile,  weighing  1,100  lbs.,  has  been  fired  through  a  17-in. 
uickel  steel  plate  with  its  customary  backing,  and  after  plow- 
ing through  the  sand  butts  against  which  the  plate  was  placed, 
was  dually  recovered  unbroken  and  to  all  intents  as  good  as 
new  in  the  woods,  500  yards  away.  This  remarkable  perform- 
ance shows  what  a  tremendous  engine  of  destruction  the  Gov- 
ernment has  secured  in  the  new  13  in.  gun  that  has  been  nick 
named  the  Peacemaker.  The  result  of  these  tests  leads  one  to 
believe  that  it  could  drive  a  missile  through  the  armor  plating 
of  the  heaviest  battle  ship  afloat. 


THE  CONVENTIONS  OF  THE  MASTER  CAR 
BUILDERS'  AND  MASTER  MECHANICS'  AS 
SOCIATIONS. 

A.FTEU  writing  an  annual  editorial  ou  these  meetings  for 
more  than  twenty  years,  a  writer  does  not  find  it  easy  to  say 
auythiug  new  or  original  about  them.  After  an  existence  of 
more  than  a  quarter  of  a  century,  these  associations  conduct 
their  proceedings  very  much  in  the  same  way  now  as  they  did 
at  first.  There  has  beeu,  of  course,  much  change  iu  the  per- 
sonnel of  the  attendance.  Year  by  year  the  old  members  have 
been  thinned  out,  and  when  we  review  the  ranks  there  are 
many  vacancies,  but  still  more  new  recruits.  A  person  on  the 
descending  side  of  life's  journey,  with  one  foot  iu  the  fifties 
and  the  other  uplifted  to  be  planted  next  in  the  sixties,  who  a 
quarter  of  a  century  ago  was  very  much  the  junior  of  those 
who  organized  and  carried  on  the  business  of  the  associations, 


now  finds  himself  in  the  shade  among  the  seniors,  the  great 
bulk  of  the  membership  being  ou  the  sunny  side  of  fifty. 

But  while  there  is  no  radical  change  there  has  been  much  im- 
provement in  the  methods  of  conducting  the  business  of  these 
organizations.  The  influence  of  the  graduates  of  the  technical 
schools  is  shown  more  and  more  each  year.  The  reports  are 
prepared  more  systematically,  which  is  the  result  of  the  knowl- 
edge and  training  which  scientific  education  gives.  In  some 
ways,  though,  the  influence  of  the  more  liberally  educated 
members  has  not  been  without  some  drawbacks.  The  older, 
and  many  of  the  younger  men  who  have  risen  from  the  ranks 
now  often  hesitate  to  take  part  in  the  discussions.  One  of  the 
profitable  features  of  these  meetings  was  that  the  men  who 
acquired  their  knowledge  directly  from  practical  experience 
gave  the  results  of  their  observations  in  the  clear  and  concise 
way  that  is  characteristic  of  their  class.  Book  knowledge  can 
never  entirely  displace  this  kind  of  information.  In  fact, 
knowledge,  like  matter,  may  be  divided  into  three  kinds — solid, 
liquid  and  gaseous.  The  practical  men  generally  contribute 
the  solid  variety.  The  liquid  information  comes  from  those 
whose  principal  stock  has  been  obtained  from  books,  and  the 
gaseous  from  the  chronic  windbags.  When  a  graduate  first 
leaves  a  technical  school  his  contributions  to  the  subjects 
about  which  he  has  been  instructed  is  very  apt  to  be  of  the 
liquid  variety,  and  It  is  only  after  considerable  experience  that 
the  fluid  becomes  solidified.  Generally  a  chemical  change  is 
required  before  the  contents  of  a  gas-bag  can  be  consolidated. 

Probably  very  few  of  the  people  who  attend  these  meet- 
ings and  who  have  a  real  interest  in  their  proceedings 
ever  leave  them  without  feeling  that  they  have  failed  to  ac- 
complish what  might  reasonably  be  expected  of  them,  and 
that  reform  and  improvement  ought  not  to  be  difficult.  All 
who  have  undertaken  to  make  any  great  changes  have, 
however,  been  vanquished  in  the  effort,  and,  as  has  been 
said,  the  meetings  are  conducted  now  in  very  much  the  same 
way  as  they  were  twenty-five  years  ago.  The  attendance  is 
larger,  it  is  true,  and  the  general  conduct  of  those  who  are 
present  is  more  decorous  than  it  was  in  the  early  days,  but 
otherwise  a  report  of  the  proceedings  of  one  of  the  meetings 
held  in  the  seventies  is  very  much  like  one  held  in  the  nineties. 
There  are,  though,  some  things  which  it  would  seem  possible 
to  improve,  and  which,  if  they  were  so  changed,  would  add 
immensely  to-  the  interest  and  value  of  the  proceedings.  We 
will  venture  to  suggest  a  few  of  these. 

It  has  been  said  of  the  British  Parliament,  and  is  equally 
true  of  all  other  legislative  bodies,  that  it  is  essentially  a  de- 
liberative or  a  talking  body.  The  purpose  of  such  assemblages 
is  chiefly  to  deliberate— that  is,  to  consider  various  subjects— 
and  by  having  every  important  fact,  relation,  aspect  and  argu- 
ment concerning  such  subjects  presented,  to  enable  those  who 
are  deliberating  to  form  the  most  intelligent  opinions  and  come 
to  the  wisest  conclusions.  Deliberation  means  talk.  Every- 
thing should  therefore  be  done  to  facilitate  it  and  to  make  it  ef- 
fective. It  is,  of  course,  true  that  wise  and  intelligent  discussion 
is  edifying,  while  foolish  and  ignorant  vaporing  is  unprofit- 
able ;  and  the  aim  of  deliberation  should  be  to  elicit  wisdom 
and  knowledge,  but  these  will  only  be  revealed  by  discussion. 
The  object  of  both  of  the  associations,  as  expressed  by  their 
constitutions,  is  "  the  advancement  of  knowledge  .  .  .  by  dis- 
cussions in  common."  Notwithstanding  this  fact,  it  is  curious 
to  notice  that  many  of  the  members  seem  to  feel  that  discus- 
sion is  a  waste  of  time  and  merely  a  kind  of  safety-valve  for 
letting  off  the  steam  of  the  more  loquacious  members.  Over 
and  over  again  it  has  happened  during  the  last  and  other  con- 
ventions that  just  when  a  discussion  had  reached  a  point  where 
it  began  to  be  interesting,  and  when  it  was  quite  certain  to  lead 
to  the  elucidation  of  valuable  information,  sonic  member  would 
move  "  that  the  discussion  be  now  closed,"  and  the  vote  would 
be  taken  thereon,  and  nine  times  out  of  ten  the  gag  rule  would 
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be  adopted,  and,  no  mutter  how  much  members  desired  to 
speak,  the  debate  was  ended.  George  Eliot  has  said  that 
"comprehensive  talkers  are  apt  to  be  tiresome  when  we  are 
not  athirst  for  information."  Now,  it  happens  that  there  is 
hardly  a  subject  which  can  be  brought  up  for  discussion,  no 
matter  what  its  importance  may  be,  that  will  interest  the 
whole  audience.  There  will  always  be  some  who  will  not 
"  be  athirst  for  information  ;"  and,  under  the  existing  rules 
and  practic*  s,  it  is  nearly  always  possible  for  such  people  to  end 
the  discussion  of  a  subject,  no  matter  how  much  others  may 
want  to  get  and  to  give  information  about  it.  Some  amendment 
to  the  rules  of  procedure,  or  the  practice  of  conducting  debates, 
seems  to  be  needed.  In  order  that  members  may  vote  intelli- 
gently on  a  motion  to  close  a  debate,  it  should  be  known  to  the 
Association  whether  any  of  them,  and  which  ones,  wish  to  speak 
on  the  question  before  the  house.  If,  when  a  motion  is  made  to 
close  debate,  the  question,  "  Are  there  any  other  members  who 
desire  to  speak  '.'"  was  asked  before  a  vote  is  taken  thereon, 
then,  if  any  persons  whose  general  intelligence  and  knowledge 
of  the  subject  would  entitle  them  to  be  heard  should  indicate 
a  desire  to  speak,  it  might  incline  others  to  give  them  an 
opportunity  to  do  so.  If,  on  the  other  hand,  some  of  the  tire- 
some and  fatuous  variety  of  talkers  should  want  to  express 
their  views,  it  probably  would  induce  members  to  vote  to 
have  the  debate  ended.  If  a  rule  were  adopted  that  before  a 
motion  to  close  debate  be  put,  the  chairman  should  first  ask 
whether  any  other  members  desire  to  be  heard,  and  that  an 
opportunity  should  be  allowed  those  who  wish  to  speak  to  say 
so,  and  that  a  vote  be  then  taken  on  the  motion,  it  would  give 
the  members  an  opportunity  of  knowing  whether  any  persons 
who  are  worth  listening  to  had  anything  to  say  before  the  de- 
bate is  finished. 

Another  interference  with  discussion  at  the  last  meeting— 
and  a  similar  cause  of  disturbance  has  existed  at  nearly  all 
previous  meetings— was  the  bad  acoustic  character  of  the  room 
in  which  the  meetings  were  held.  A  very  large  proportion  of 
the  audience  could  not  hear  half  of  the  proceedings.  Members 
grew  tired,  lost  interest  in  the  proceedings,  and  either  left  the 
room  or  moved  "  that  the  discussion  be  closed,"  and  thus  end- 
ed as  soon  as  they  could  the  dumb  show.  The  meeting  was 
often  disturbed  by  the  people  who  had  exhibits,  which  were 
being  either  packed  or  unpacked  during  the  sessions  of  the  con- 
ventions. The  noisy  band  which  played  every  morning  was 
placed  so  near  to  the  meeting-room  that  it  also  interfered  seri- 
ously with  the  proceedings.  Probably  the  total  expense  of 
holding  each  of  the  conventions  was  over  $100,000,  and  yet 
their  main  purpose  was  largely  defeated  by  the  fact  that  the 
room  in  which  they  were  held  was  not  suited  for  such  meet- 
ings. The  Saratoga  people  have  built  a  large  convention  hall 
which  will  hold  several  thousand  people,  but  for  that  reason  il 
is  uot  suited  for  meetings  of  two  or  three  hundred.  What  is 
needed,  then,  is  a  small  room  capalde  of  seating  about  three 
hundred  people,  located  where  there  would  be  no  danger  of 
disturbance  by  noise,  anil  arranged  with  special  reference  to 
meetings  of  technical  and  scientific  associations.  If  placed  in 
the  middle  of  Congress  Spring  Park,  it,  would  be  in  an  ideal 
location.  Such  a  hall  would  make  Saratoga  a  much  more  de- 
sirable place  for  holding  meetings  of  this  kind  than  it  now  is, 
and  doubtless  would  do  much  to  attract  associations  of  that 
kind  to  its  hospitable  hotels  anil  aperient  springs. 

Another  reform  in  the  Master  Mechanics'  Association  which 
is  very  much  needed  is  to  make  the  Secretary  an  appointee  by 
the  Board  of  Direction  instead  of  an  elective  officer.  On  the 
last  day  of  the  session  of  that  body  there  was  an  unseemly 
scramble  for  the  place,  in  which  the  methods  of  the  ward  poli- 
ticians were  imitated  too  closely  to  increase  the  good  repute  of 
the    Association.      The    following    is   the   clause  of    the  Mastei 

Car  Builders'  constitution  for  the  appointment  of  the  Secre- 
tary : 


"  A  Secretary,  who  may  or  rnay  uot  be  a  member  of  the  Association,  shall 
he  appointed  by  a  majority  of  the  Executive  Committee  at  its  tirst  meeting 
sifter  ttie  annual  election,  or  as  soon  thereafter  as  the  votes  of  a  majority  of 
the  members  of  the  Executive  Committee  can  be  secured  for  a  candidate. 
The  term  of  office  of  the  Secretary  thus  appointed,  unless  terminated 
sooner,  shall  cease  at  the  first  meeting,  after  the  next  annual  election  suc- 
ceeding his  appointment  of  the  Executive  Committee,  organized  for  the 
transaction  of  business.  Two  thirds  of  the  members  of  the  Executive 
Committee  shall,  however,  have  power  to  remove  the  Secretary  at  any  time. 
His  compensation,  if  any,  shall  be  lixed  for  the  time  that  he  holds  oftlcc, 
by  a  Tore  of  a  majority  of  the  Executive  Committee.  lie  shall  also  act  as 
Secretary  of  the  Executive  Committee. " 

It  seems  obvious,  without  any  argument,  that  those  who  are  on 
the  Executive  Committee  of  an  association  of  this  kind  will  be 
better  judges  of  the  qualifications  and  efficiency  of  a  secretary 
than  the  members  generally  can  or  will  be.  A  better  secretary 
is  therefore  likely  to  be  selected  if  he  is  appointed  in  this  way 
than  if  he  is  elected.  Ever  since  this  clause  was  adopted  by 
the  Car  Builders'  Association  there  have  been  no  such  scandals 
as  those  to  which  the  American  Society  of  Civil  Engineers  and 
the  Master  Mechanics'  Association  are  subject  periodically. 
In  the  American  Society  of  Mechanical  Engineers  the  Secre- 
tary is  also  appointed,  and  there  has  been  no  trouble  there  aud 
the  Association  has  been  served  acceptably. 

There  is  also  another  reason  for  making  the  Secretary  an 
appointee  of  the  Board  of  Direction  and  uot  an  elective  officer, 
which  is,  that  the  self-respect  of  a  person  entirely  competent 
for  the  office  is  likely  to  prevent  him  from  entering  into  an 
indecorous  contest  for  the  place,  whereas  il  it  were  offered  him 
by  the  Board  it  would  be  regarded  as  an  honor  and  could  be 
accepted  without  loss  of  dignity. 

There  was  again  considerable  discussion  this  year  of  the 
question  of  the  consolidation  of  the  two  associations,  and  it 
was  recommended  in  the  address  of  the  President  of  the 
Master  Mechanics'  Association,  hut  was  again  strongly  op- 
posed by  many  of  the  car  builders.  Iuasmuch  as  all  the  ad- 
vantages of  consolidation  could  be  gained  without  it,  it  wouhl 
seem  to  be  wise  to  avoid  exciting  the  opposition  which  that 
measure  always  arouses.  This  year  the  Master  Mechanics  held 
their  lirst  meeting  on  Monday  morning,  and  the  attendance 
was  very  good.  It  used  to  be  thought  that  it  would  not  be 
possible  to  get  the  members  to  the  place  of  meeting  on  Mon- 
day, but.  it  has  been  shown  that  there  is  no  difficulty  of  that 
kind.  If.  then,  the  Car  Builders  should  meet  on  Monday 
morning,  they  could  have  Monday,  Tuesday  and  Wednesday. 
The  Master  Mechanics  could  then  have  Thursday,  Friday  anil 
Saturday.  It  would  make  little  practical  difference  whether 
different  sets  of  officers  presided  over  the  meetings  of  the  two 
associations,  or  whether  the  same  presided  over  both.  The 
important  end  would  be  accomplished  of  holding  the  two  meet 
ings  in  one  week,  the  actual  consolidation  being  largely  a  for- 
mality only. 

The  place  of  holding  the  next  conventions  excited  the  usual 

interest.     The  Far  West  is  holding  out  inducements  to  go  to 

Manitou,  the  attractions  of   which   are  painted   in  glowing 

colors.     The  Rocky  Mountains,  soda  springs  and  grizzly  bears 

are  mixed  up  in  enticing  confusion,  so  that  probably  in  1895 

these  tissociatious  will  meet  nearer  to  the  setting  sun  than  ever 

before. 

-• 

NEW   PUBLICATIONS. 


Maximum  Stresses  in  Drawbridges  Having  two  Equal 
Arms.  By  Malverd  A.  Howe.  C  E.,  Professor  of  Civil  En- 
gineering in  Rose  Polytechnic  Institute.  Terre  Haute  :  Moore 
&  Langen,  1894.    12mo,  paper,  17  pages,  15  cuts  and  one  plait'. 

This  little  pamphlet  gives  the  well  known  formulas  for  re- 
actions, moments  and  shears,  due  to  a  single  load  on  either 
arm  of  a  drawbridge,  with  several  useful  tables  for  abridging 
computations.  The  position  of  the  rolling  load  which  pro- 
duces maximum  stress  for  each  section  is  stated,  and  methods 
of  graphical  analysis  are  briefly  indicated.  The  things  which 
are  not  given  are  numerous,  and  among  these  arc  :  demonstra- 
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ti  >ns  of  the  formulas,  explanations  of  the  theory  of  the  meth- 
ods, a  numerical  example  of  stresses,  the  case  of  the  tipper  draw, 
and  that  of  a  draw  continuous  over  two  supports  at  the  mid- 
dle pier.  The  formulas  for  the  siugle  case  investigated  are  not 
complex,  hut  they  can  be  simplified  and  the  tables  also  be  abridg- 
ed by  measuring  Ihe  ordinate  in  the  right-hand  span  from  the 
abutment  instead  of  from  the  pier  ;  if  this  be  done  the  last 
table  on  page  17  is  unnecessary,  as  all  its  values  are  identical, 
but  in  reverse  order  with  those"  of  the  table  on  page  15.  The 
rule  of  thumb  method  set  forth  in  the  pamphlet  is  often  an  ex- 
cellent one.  but  it  cannot  be  trusted  in  computing  drawbridges, 
where,  if  anywhere  in  bridge  work,  theory  is  indispensable. 


TRADE    CATALOGUES. 


Clayton  Air  Compressors  and  Air  Receivers.  The 
Clayton  Air  Compressor  Works,  whose  office  is  in  the  Have- 
meyer  Building,  New  York,  have  issued  an  eight-page,  8  X  11 
in.  circular,  in  which  they  illustrate  and  describe  their  air  com- 
pressors of  different  types  and  air  governors  and  receivers. 
As  so  many  appliances  in  which  compressed  air  is  the  opera- 
tive power,  this  circular  is  timely  and  will  interest  many  per- 
sons. 


•Beaman  and  Smith:'-  Catalogue  B.  34  pp.  3+  x  of  in. 
The  specialty  of  this  firm,  which  is  located  in  Providence.  R.  I., 
is  the  manufacture  of  milling,  drilling  and  boring  machines 
and  engine  lathes.  Seven  milling  machines  are  illustrated  by 
very  good  engravings,  but  which  have  hardly  had  justice  done 
to  them  in  the  printing.  Six  different  styles  of  drilling  and 
boring  machines  are  also  illustrated  and  several  patterns  of 
lather.  Short  descriptions  of  the  different  machines  are  given 
opposite  to  the  engravings.  The  machines  seem  to  be  well 
designed,  and  their  merits  are  fully  described  in  this  catalogue. 


The  New  Era  Gas  and  Gasoline  Engines.  8  pp.  6  X  3£ 
in.  This  is  a  little  booklet  in  which  the  advantages  of  gas 
and  gasoline  engines  are  set  forth.  There  are  no  engravings 
excepting  an  outside  perspective  view  of  one  of  the  engines  on 
the  outside  cover.  It  is  a  curious  fact  that  although  very  few 
people  understand  the  construction  or  operation  of  gas  en- 
gines, the  manufacturers  seldom  describe  either  in  their  circu- 
lars or  catalogues.  It  would  certainly  add  to  their  interest  if 
good  sectional  views  of  the  engines  were  given  with  a  clear  de- 
scription of  the  principles  and  methods  of  their  operation. 
The  publication  before  us  was  issued  by  the  New  Era  Iron 
Works,  of  Davton,  O. 


TnE  Marsh  Steam  Poicp.  By  the  Battle  Creek  Machinery 
Company,  Battle  Creek,  Mich.  32  pp.  5J  x  71  in.  One  of 
the  marked  characteristics  of  trade  catalogues  which  have  been 
received  recently  is  their  lucidity.  Manufacturers  do  not  now 
confine  the  contents  of  their  publications  to  commendation  of 
the  articles  they  manufacture,  but  they  explain  verv  fully  their 
construction,  operation  and  other  characteristics.  The  volume 
before  us  is  an  illustration  of  this.  The  pump  which  they 
make  is  shown  by  very  good  perspective  and  its  construction 
by  sectional  views  with  full  explanations  of  its  principal  fea- 
tures. Diagrams  are  also  given  showing  its  application  to  the 
heating  of  buildings,  to  dryers  in  paper  or  pulp  mills,  to  dry 
kilns,  to  refineries  and  plantation  sugar  houses,  to  vacuum  and 
multiple  effect  evaporators  and  to  the  handling  of  fuel  oil. 


Tile  Aerodromic  System  of  Transportation.  In  the 
May  number  of  the  American  Engineer  and  Railroad 
Journal  a  notice  was  published  of  a  pamphlet  describ- 
ing this  '"  system  r.f  transportation."  The  notice  was  written 
at  a  lime  when  we  were  sorely  irritated  by  a  numl>er  of  exas- 
perating aeronautical  cranks,  and  it  ended  with  a  somewhat 
caustic  reference  to  inventors  of  schemes  of  the  character  of 
the  one  described  in  the  pamphlet  referred  to.  One  of  the  au- 
thois  of  the  system  referred  to  has  written  complaining  that 
our  criticism  was  unfair  and  discourteous  in  so  far  as  it  was 
personal  and  referred  to  the  inventors  and  not  to  the  invention. 
There  are  good  grounds  for  this  complaint,  and  therefore  we 
desire  to  express  our  regret  at  having  hastily  and  in  a  moment 
of  irritation  written  what  we  had  no  right  to  say,  and  criti- 
cised the  personality  of  the  inventors,  which  was  not  fairly  a 
subject  for  such  criticism.  The  inventors  we  think  are  wast 
ing  their  time  and  their  own  money— or  that  of  other  parties — 
iu  developing  a  scheme  which  seems  to  us  to  be  totally  im- 
practicable, and  we  will  be  quite  willing  to  submit  to  the  deci- 
sion of  the  final  result  of  experiment  with  their  invention  to 
determine  whether  our  reasoning  or  theirs  is  "  logical." 


Weston  Engines.  Bv  the  Weston  Engine  Company,  Paint- 
ed Post,  N.  Y.  35  pp.  6|  X  91  in.  This  company  has  issued 
one  of  the  most  complete  catalogues  that  has  recently  been 
brought  to  our  notice,  in  which  is  the  Weston  automatic  en- 
gine, which  is  built  by  this  company.  The-  engravings  are  by 
Bartlett,  and  are  therefore  in  the  very  best  style  of  the  art  of 
wood  engraving.  Two  perspective  views  are  given,  one  show- 
ing their  engine  with  and  the  other  without  the  sub-base. 
There  is  also  an  end  view,  and — what  is  unusual  in  such  pub- 
lications— a  plan  view  with  the  cylinder  shown  in  section. 
Longitudinal  and  transverse  sections  of  the  cylinder  and  steam- 
chest  showing  the  construction  of  the  valve,  a  perspective  view 
of  the  latter,  a  section  of  the  piston-rod  stuffing-box,  an  eleva- 
tion of  the  governor  and  a  perspective  view  of  the  crank-shaft, 
cross-head,  connecting-rod,  a  section  of  the  stub  end  and  a 
transverse  sectional  view  drawn  through  the  crank  shaft.  Ac- 
companying these  engravings  are  admirable  descriptions  of 
the  engines  and  their  parts,  and  the  book  winds  up  with  an 
excellent  explanation  of  that  never-ending  question  how  to 
calculate  the  H.P.  of  an  engine.  The  book  is  a  model  of  its 
kind,  and  if  the  engines  the  company  builds  are  as  good  as 
their  description  of  them  they  can  be  highly  recommended. 

Simple  axd  Compound  Harrisburg  Ide  a>t>  Ideal  En- 
gines. By  the  Harrisburg  Foundry  &  Machine  Works,  Har- 
risburg,  Pa.  16  pp.  31  X  8  in.  Having  exhausted  our  super- 
latives in  the  preceding  notice,  we  feellike  saying  ditto  to  the 
little  book  now  before  us.  In  this  the  engines  built  by  this 
company  are  illustrated  by  half-tone  engravings  showing  per- 
spective views  of  the  "  Ide  and  Ideal  automatic  engines"  and 
"  Ideal  tandem  compound  engine,"  and  three  views  of  "  Ideal" 
engines  connected  direct  to  dynamos.  There  are  also  views  of 
an  "  Ide"  and  a  compound  engine  connected  in  the  same  way. 
The  principal  dimensions  are  given  opposite  these  engravings, 
but  there  is  no  other  description.  The  printing,  engraving 
and  general  "  get-up"  of  this  book  are  all  excellent. 


CONVENTION    OF    THE    AMERICAN    RAILWAY 
MASTER  MECHANICS'  ASSOCIATION. 


The  twenty- seventh  annual  convention  of  the  American 
Railway  Master  Mechanics'  Association  held  its  first  session  in 
Convention  Hall,  at  Saratoga.  N.  X".,  on  the  morning  of  June 
1?.  Conside  able  disappointment  was  manifested  from  the 
fact  that  Mr.  Chauncey  M.  Depew  had  been  announced  to 
open  the  meeting,  but  a  telegram  was  received  late  the  even- 
ing before  stating  that  he  was  confined  to  his  house  by  a  se- 
vere cold.  The  opening  address  was  delivered  by  Judge  L  s- 
ter,  of  Saratoga,  and  was  followed  by  President  Hickey  with 
the  annual  president's  address. 

Referring  to  prospective  savings  in  the  expense  of  locomo- 
tive opeiation  and  the  methods  of  obtaining  them,  Mr.  Hickey 
alluded  to  a  compound  locomotive  that  was  engaged  in 
ordinary  freight  traffic  running  in  with  simple  engines  and 
showing  a  net  gain  in  fuel  over  the  average  number  of 
simple  engines  of  not  less  than  IS  per  cent.,  and  that  this  rec- 
ord was  obtained  in  the  face  of  the  fact  that  the  enginemen,  as 
a  rule,  do  not  possess  the  friendliest  feelings  toward  engines 
of  this  type.  During  the  time  a  close  record  was  kept  of  the 
cost  of  repairs,  and  while  it  was  a  fraction  greater  than  the 
average  of  the  simple  engines,  it  was  a  matter  of  insignificance 
as  compared  with  a  saving  in  fuel.  He  also  expressed  the 
opinion  that  the  weight  of  experience  is  certainly  favorable  to 
the  introduction  of  compound  for  all  ordinary  work  provided 
the  boiler  is  in  size  ami  capacity  suitable  to  the  engine  require- 
ments. He  then  dealt  in  an  improved  method  of  shop  tools 
and  method  of  handling  locomotive  repairs  and  other  items  of 
interest  to  the  convention. 

The  Secretary's  report  showed  that  there  are  now  on  the  roll 
~A~t  active  members.  15  associate  members  and  IS  honorary 
members.     The  Treasurer's  balance  showed  $3*j1 

The  first  report  presented  was  that  on  the  Cracking  of  Back 
Tube  Sheets.  The  committee  stated  that  there  was  an  over- 
whelming and  well-nigh  universal  testimony  on  the  part  of  the 
members  that  radial  stay  boilers,  carrying  high  pressure,  arc- 
more  liable  to  crack  than  other  types,  and  that  the  c  . 
of  this  are  twofold.  First,  and  prelimin:.: 
due  to  too  rigiJ  staying  of  the  crown  sheet  adjacent  to  the 
flue  sheet  and  flange  thereof  ;  and.  second,  by  placing  flue 
holes  too  close  to  flanges,  and  possibi  :ue  difficulty  is 

chargeable  to  the  high  steam  pressures  carried.     The  report 

ecompanicd  by  a  large  number  of  engravings  sho- 
the   methods  of   staying  crown  sheets.     The   report  will  be 
valuable  in  this   respect  that  the  dimensions  are  very  fully 
given  on  all  the  drawings,  but  there  is  nothing  particularlv 
novel  shown  in  any  of  the  designs  presented.    In  the  di- 
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sion  following  the  reading  of  this  report  there  was  the  usual 
variation  of  opinion  in  regard  to  the  relative  merits  of  the 
radial  and  crown  bar  method  of  staying. 

The  report  contains  an  extract  fiom  a  paper  read  by  Mr. 
Yarrow,  in  which  he  said  that  there  had  been  considerable 
difficulty  fmru  leaking  tubes  in  certain  locomotive  boilers  built 
for  torpedo  boats  by  his  firm  some  time  ago.  The  difficulty 
had  been  entirely  overcome  by  staying  the  front  end  of  the 
crown  sheet  with  stays  passing  through  a  stuffing  box  and 
having  a  nut  on  the  outside.  Exception  was  taken  to  this 
method  of  staying  from  the  fact  that  if  the  crown  sheet  ex- 
panded and  was  up  there  would  be  nothing  to  hold  it  until 
expansion  was  equal  or  the  contraction  had  brought  the  nut 
down  to  a  bearing  at  the  top.  There  was.  however  a  general 
consensus  of  opinion  that  a  too  rigid  staying  at  the  front  end 
of  the  tire-box  was  apt  to  result  in  leaking  tubes.  Others  at- 
tributed the  cause  to  the  fact  that  tubes  were  continually  rolled 
out,  and  repeated  contractions  and  expansions  caused  {hem  to 
wear  in  the  tube  sheet  and  caused  the  leakages.  A  number  of 
gentlemen  considered  that  a  flat  crown  sheet  was  less  likely  to 
leak  than  others,  but  the  testimony  was  so  contradictory  in  re- 
gard to  the  relative  merits  of  crown  bar  and  radial  stay  that  it 
would  be  difficult  for  an  unprejudiced  and  uninformed  person 
to  judge  between  the  merits  of  the  two.  In  regard  to  the 
difference  in  expansion  between  the  inside  and  outside  sheets 
of  a  fire-box  we  would  call  attention  to  a  paper  printed  in  the 
American  Engineer  and  Railroad  Journal  for  March  of 
this  year,  showing  the  experiments  which  were  undertaken  by 
the  "Western  Railway  Company  of  France,  to  determine  the 
difference  which  there  is  in  the  expansion  of  the  inside  and  the 
outside  sheets  of  fire-boxes.  These  measurements  were  very 
carefully  made,  and  it  was  shosn  that  while  the  inside  sheet 
expanded  more  rapidly  than  the  outside  sheet  while  pressure 
was  being  raised,  that  when  the  boiler  finally  reached  its  work- 
ing pressure  the  expansion  of  the  two  sheets  was  practically 
the  same  and  the  crown  bars  rested  on  the  brackets  bolted  to 
the  outside  sheet.  It  might,  therefore,  be  argued,  as  the  re- 
sult of  these  experiments,  that  the  strains  on  the  stay  bolts 
come  while  steam  is  being  generated,  and  not  while  the  boiler 
is  actually  held  at  its  working  pressure.  This,  however,  would 
be  a  matter  for  future  investigation,  and  we  would  recommend 
it  to  the  members  of  the  Association  for  their  careful  attention 
in  the  future. 

The  Committee  on  Oiling  Devices  for  Long  Runs  reported 
that  they  have  received  a  great  deal  of  interesting  information 
both  from  the  locomotive  superintendents  of  Great  Britain  and 
this  country.  The  practice  of  the  English  superintendents 
may  be  broadly  characterized  as  using  oil  reservoirs  of  a  high 
level  that  can,  if  necessary,  be  tilled  while  the  engine  is  run- 
ning. They  are  of  brass,  square  in  plan  with  hinged  top  lid, 
and  internally  divide  I  into  sections  corresponding  with  the 
number  of  holes,  small  tail  pipes  leading  from  them.  In  the 
case  of  axle  boxes  usually  one  to  each  journal  and  one  to  each 
jaw  face.  Worsted  sypbon  trimming  is  common,  as  well  as 
horizontal  plugs  for  each  pipe,  so  that  the  oil  may  not  be  wast- 
ed when  the  engine  is  standing  between  trips.  In  the  Ameri- 
can Engineer  and  Railroad  Journal  tor  November,  1893, 
a  description  of  the  Corey  lubricator  was  published.  Mr. 
L.  B.  Paxson.  of  the  Philadelphia  &  Reading  Railroad,  was 
the  only  one  that  advised  the  committee  of  any  practical  ac- 
quaintance with  this  device.  He  says  that  it  lias  been  in  use 
for  one  year  on  a  compound  engine,  and  showed  a  saving  of 
about  25  per  cent,  over  the  old  way  of  oiling. 

'  liber  devices  for  oiling  while  running  are  reported  by  Mr. 
Stevens,  of  the  Lake  Shore  A  Mich  -      them   Road.     He 

supplied  oil  pipes  from  the  footboard  to  all  axle  journals  on 
locomotives  drawing  the  Exposition  Flyer,  which  had  a  con- 
tinuous run  of  13"i  miles,  with  the  result  that  the  entire  service 
of  these  trains  was  performed  without  a  single  hot  box.  Other 
devices  of  a  similar  kind  were  reported  by  various  members 

For  cylinders,  slide  valves  and  air  pumps  some  form  of 
lubrication  by  condensation  displacement  feed  is  every  'lay 
practice  ;  but  in  Great  Britain  it  is  common  to  use  in  addition 
Furness  lubricators — one  for  each  cylinder — that  come  into 
operation  only  when  engine  is  running  with  steam  shut  off. 
Mr.  I.  Holden  (G.  E.  1  remarks  that  the  Vacuum  Coy's  sight 
feed  has  been  superseding  the  Roscoe.  because  the  latter 
did  not  readily  displace  the-  heavier  and  thicker  oils,  but  that 
the  Vacuum  has  the  defect  of  increasing  the  feed  almost 
double  when  the  steam  isshut  off.  He  has  tried  the  De  Id- 
moil's  double  acting  sight  feed,  and  this  has  such  largi 
pacity,  works  so  economically  and  regularly  with  throttle 
open  or  shut — and  with  all  densities  of  oil — that  he  is  trying  a 
dozen  of  them,  the  first  cost  of  one  of  De  Limon's  being  less  than 
the  combined  cost  of  one  Vacuum  and  two  Furness.  and  there 
being  a  saving  of  two  pints  of  oil  in  a  run  of  343  miles  as  com- 
pared with  the  use  of  one  Roscoe  and  two  Furness  lubricators. 


The  only  special  point  in  the  few  replies  mentioning  tender 
oiling  is  the  use  of  spring  pads  or  cotton-seed  hulls  to  continu- 
ously lubricate  the  under  side  of  journals. 

To  briefly  summarize,  the  replies  and  drawings  show  that 
modern  practice  for  high-speed  lubrication  is  an  endeavor  to 
deliver  a  small  amount  of  oil  continuously  over  the  whole 
length  of  bearing  surface.  Bearing  surfaces  are  much  larger 
twe  have  yet  to  hear  of  an  engine  with  too  much  wearing  sur- 
face at  any  jxunti.  It  is  not  judicious  to  trust  to  one  oil-hole 
where  two  are  possible.  Cups  or  oil-pockets  are  solid  (cavi- 
ties in  the  metal  1  rather  than  separate.  Grooves  are  liberal  in 
number  and  size.  The  cheapest  of  oil  is  then  admissible. 
Strainers  and  covers  over  all  oil  pockets  are  desirable. 

The  report  was  followed  by  an  appendix  of  oils  and  oil  tests, 
which  we  reprint  in  full. 

OILS   AND   OIL   TESTS. 

The  replies  show  that  the  use  of  Galena  or  other  mineral  oil, 
graduated  so  as  to  be  as  limpid  in  winter  as  in  summer,  is  com- 
mon American  practice,  whereas  in  Great  Britain  there  is  a 
marked  inclination  to  the  use  of  vegetable  oils. 

Thus  Mr.  Bellington  uses  a  mixture  of  33  per  cent,  rape  to 
G6  per  cent,  of  mineral  oil,  and  in  hot  weather  makes  the  pro- 
portion 50  per  cent,  of  each.  Mr.  Webhe  did  use  CM  per  cent, 
rape  and  10  per  cent,  mineral,  but  now  uses  50  per  cent,  of 
each  for  cylinders  and  machinery.  Mr.  Johnson  uses  the  50 
per  cent,  proportions,  but  for  machinery  a  thinner  mineral  oil 
is  used  in  making  the  mixture.  Mr.  Hanson  (6.  &  S.  W.)  uses 
vacuum  (mineral)  oil  for  cylinders  and  rape  or  olive  for  ma- 
chinery, making  no  difference  in  cold  weather  ;  and  Mr.  Cam 
bie  uses  colza  for  machinery,  except  in  very  hot  weather,  when 
castor  oil  is  used. 

Mr.  Ivatt  uses  olive  for  machinery  and  black  mineral  for 
cylinders,  making  no  difference  to  suit  the  season,  as  extremes 
of  temperature  are  not  severe.  He  averages  23  pints  per  1,000 
miles  on  fast  trains,  and  from  20  to  22  on  slow  freights  and 
branch  trains. 

Mr.  Holden's  tests  for  oils  (presumably  mineral)  are  : 


Specific 
Gravity. 

Flashing 
Point. 

Viscosity. 

Concealing. 
Point, 

Machinery  .. 
Cylinders... 

,9i: 
.897 

375° 
550" 

l!.3  at  180* 
.28  at  1-10° 

88° 
36° 

Mr.  Adams'  specification  for  cylinder  oil  is  : 

The  cylinder  oil  should  have  a  flashing  point  of  not  less  than 
500°  F..  open  test,  with  a  viscosity  of  twice  that  of  rape  of 
212*  F.  ;  the  specific  gravity  and  burning  point  of  oils  will  be 
taken  into  account  when  testing. 

specification  of  machinery  oil.  The  engine  oil  should  have 
suing  point  of  not  less  than  375  F.,  with  a  viscosity  of 
t  .vice  that  of  rape  at  100  F.,and  should  not  oxidize  or  become 
gummy  when  exposed  to  the  atmosphere.  The  specific  grav- 
ity will  be  taken  into  account  when  testing. 

.Mr.  Dean's  specification  is  as  follows  : 

The  Hashing  point  to  be  determined  in  each  case  by  the 
Board  of  Trade  close  test. 

The  viscosity  to  be  tested  by  Backer's  viscometer  (water  at 
60°  F.  =1). 

No.  1.  Petroleum  for  bumiug.  A  declaration  is  to  be  made 
on  every  invoice  anil  signed  by  a  principal  of  the  firm  in  the 
following  words  :  "  We  guarantee  that  the  oil  is  well  refined, 
and  that  it  will  not  give  off  inflammable  vapor  at  a  lower  tem- 
perature than  85  F.  by  the  Board  of  Trade  close  test.  We 
also  guarantee  that  the  color  of  the  oil  is  '  water  white.'  and 
that  the  specific  gravitv  at  60'  F.  is  not  less  than  0.8  nor  more 
than  O.S05." 

Xo.  2.  Oil  for  gas-making.  To  be  of  suilable  quality  for 
the  manufacture  of  gas  for  carriage  lighting.  Flashing  point, 
i'.     Specific  gravity  at  60*  F.,  0.84. 

No.  3.  Oil  for  cleaning.  To  be  clear,  and  to  give  neutral 
reaction.  Flashing  point.  350  to  290  F.  Specific  gravity  at 
60  V..  0.865.  Viscosity  at  00°  F.  not  more  than  4.0  ;  at  140° 
F.  not  less  than  2.0. 

Xo.  4.  Oil  for  electric  light.  To  be  clear,  and  to  give  neu- 
tral reaction.  Flashing  point  not  less  than  315°  F.  Congeal- 
ing point  not  above  22  F.  Viscosity  at  60  F. ,  not  more  than 
:   Ho    F.,  not  less  than  4. 

No.  5.   Oil  for  carriage  lubrication.    To  be  pure  pale  mineral 

,1  to  give  neutral  reaction.     Flashing  point  not  less  than 

330    P.     Congealing  point  below  22'  F.     Specific  gravitv  at 

60    F. ,  0  nor,  t0  0.915.     Viscosity  at  60'  F..  not  more  than  30  ; 

at  140    F.,  not  more  than  4  5. 

Xo  i).  Oil  for  heavy  machinery.  To  be  refined  and  freed 
from  light  oils,  but  not  distilled.  Flashing  point  not  less  than 
220  F.  Congealing  point  blow  20  F.  Specific  gravity  at 
60  F  o  -s  Viscosity  at  60  P.,  not  to  exceed  56;  at  140° 
F.,  not  less  than  5. 
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No.  7.  Oil  for  cylinders,  etc.  To  be  pure  undistilled  dark 
mineral  oil  of  the  best  quality,  refined  and  free  from  light  oils. 
Flashing  point  not  less  than  480  F.  Cjngealing  pjint  below 
20'  F.  Specific  gravity  at  60"  F.,  0.90.  Viscosity  at  140  F., 
not  to  exceed  40  ;  at  180'  F.,  not  less  than  15. 

And  he  adds,  a  good  lubricant  for  the  machinery  is  rape,  85 
per  cent.,  and  mineral,  15  per  cent. 

Mr.  Soule's  specification  reads  thus  : 

Passenger  engine  oil.  When  shipment  is  received  a  sample 
will  be  taken  at  random  from  any  barrel,  and  the  material  ac- 
cepted or  rejected  on  the  result  of  this  examination.  The 
rL'ht  to  test  any  and  all  barrels  will  be  reserved.  Freight  both 
ways  will  invariably  be  paid  by  the  shipper  in  case  of  rejec- 
tion. 

Passenger  engine  oil  will  not  be  accepted  which 

1.  Flashes  below  300    V. 

2.  Burns  below  400    F. 

3.  Shows  a  tarry  deposit  when  5  cubic  centimeters  are  mixed 
with  95  cubic  centimeters  of  88°  B  gasoline  and  allowed  to 
stand  one  hour. 

4.  Is  not  free  from  dirt,  specks,  lumps,  grit,  water,  soap,  or 
suspended  matter  of  any  kind. 

5.  Contains  less  than  20  per  cent  of  acidless  animal  oil  1  tal- 
low or  tallow  oil  preferred).  Shipments  containing  more  than 
30  per  cent,  of  tallow  or  tallow  oil  are  not  desired,  and  no  in- 
creased price  will  be  paid  for  them  on  this  account. 

6.  Contains  more  than  1  per  cent,  of  free  acid. 

7.  Shows  a  cold  test  higher  than  5°  F.  between  October  1 
and  April  1. 

8.  Has  a  gravity  below  261  Be  lurae,  or  above  31    Beaume. 

9.  Contains  a  notable  percentage  of  paraftine  wax. 
Owing  to  the  fact  that  some  of  the  members  were  to  leave 

in  the  afternoon  of  Tuesday,  the  report  on  the  specifications 
for  boiler  steel  was  the  next  one  presented.  It  was  stated  that 
there  was  a  very  decided  difference  as  to  the  quality  of  fire-box 
steel,  some  of  the  members  favoring  a  soft  steel  with  ultimate 
strength  ranging  from  50,000  lbs.  to  58,000  lbs.,  while  the  ma- 
jority preferred  a  hardei  quality  with  an  ultimate  strength  of 
55,000  lbs.  to  65,000  lbs.,  and  in  each  case  there  was  a  differ- 
ence in  the  chemistry. 

The  specifications  presented  for  discussion  are  shown  below  : 

FIRE-BOX  STEEL      CHEMICAL  COMPOSITION  OF. 


Number  1. 

Number  2. 

Number  3. 

Desired     Will  re- 
not  over  j  ject  over 

De-ir  d  I  ^iM  rc" 
"     T-a    ject  over 

°— Itt 

Pbosphortu 

Sulphur  ... 
Manganese. 

Copper 

Carbon  . . . 

Tensile   . . . 
Strength  . . . 
Elongation. 

0.02 
0.02 
0.5 
0.02 

0.03  i 
0.015 
0.50 
0.035 

50,000 
58,000 

Low  as 

.03 
.03 

.35 
.03 
.04 
>ossible. 

50,000 
60,000 

.03 
.02 
.04 
.04 
.03 
.18 

.04 

.05 

.55 

.04 

.05 
Is  fn  .16 
over    .25 
v,.r 

65,000 

Dr.  C.  B.  Dudley,  Chemist  of  the  Pennsylvania  Railroad, 
was  called  in  for  consultation,  and  gave  his  reasons  for  reduc- 
ing the  metalloids  to  the  lowest  possible  limit.  Taking  phos- 
phorus for  an  example,  he  stated  that  it  was  possible  to  reduce 
it  to  .02,  but  some  of  the  sheets  giving  the  highest  mileage  had 
phosphorus  as  high  as  .07.  It  therefore  appeared  unwise  to 
insist  upon  the  lowest  possible  limit  when  no  compensating 
gain  was  apparent.  As  regards  sulphur,  this  is  largely  a  mat- 
ter of  fuel,  the  lower  limits  being  possible  where  natural  gas  is 
used.  As  this  would  discriminate  in  favor  of  localities  using 
natural  gas,  the  limit  was  placed  at  .05  as  a  maximum,  with 
.02  desired. 

While  manganese  and  carbon  have  both  a  hardening  effect, 
it  is  the  opinion  of  the  committee  that  the  hardening  should  be 
accomplished  by  carbon  rather  than  by  the  other  ingredient. 
Silicon  is  believed  to  have  the  effect  of  insuring  solidity  in 
ingots,  although  not  much  is  known  as  to  the  condition  in 
winch  it  exists.  Mr.  Dudley  advised  a  moderate  specification 
giving  steel  makers  wide  limits  as  were  consistent  with  the 
quality  of  the  steel  desired. 

The  committee  endeavored  to  get  positive  information  con- 
cerning the  performance  of  hard  and  soft  fire-box  sheets.  It 
had  the  tensile  strength  taken  from  the  sheets  both  before  and 
after  service,  from  which  latter  analyses  were  made.  The 
tensile  strength  varies  from  77.000  lbs.  down  to  a  little  over 
5n,il00  lbs.,  while  the  mileages  vary  from  a  little  under  500,0(11) 
to  a  little  over  50,000  miles.     The  results  of  examination  were 


quite  conflicting  ;  but  when  it  is  remembered  that  the  treat- 
ment of  the  fire-boxes  on  the  road  has  probably  more  effect 
upon  the  life  than  has  the  original  quality,  it  was  what  might 
have  been  expected.  It  was  soon  seen  that  both  hard  and  soft 
steel  might  be  found  in  both  the  long  and  the  short-lived  boxes, 
and  sometimes  in  the  same  box. 

The  weight  of  evidence,  however,  was  toward  steel  in  the 
neighborhood  of  60,000  lbs.  tensile  strength  giving  the  best  re- 
sults. 

For  several  reasons  the  harder  steel  has  decided  advantages, 
namely,  in  better  holding  threads  and  less  bagging  between 
stay  bolts.  Where  bagging  occurs  the  tendency  is  for  the 
holes  to  open  on  the  water  side  and  thus  lessen  the  hold  upon 
the  bolt. 

The  reason  for  recommending  a  test  piece  of  parallel  section 
in  preference  to  the  shouldered  section  usually  prepared  is  that 
the  first-mentioned  forms  show  a  higher  elongation  and  one 
which  we  believe  represents  more  truly  the  real  elongation  of 
the  sheet  than  does  the  shouldered  form  in  which  the  wide 
ends  appear  to  brace  or  stiffen  the  adjacent  parallel  section  for 
some  distance. 

This  point  was  clearly  demonstrated  in  a  series  of  tests  in 
which  sheets  were  cut  up  into  test  pieces,  alternate  ones  being 
prepared  to  the  different  sections  mentioned.  It  was  found 
that  in  specimens  not  less  than  8  in.  long  in  tested  section  there 
was  little  difference  in  the  tensile  strength,  but  the  elongation 
in  straight  pieces  was  markedly  less  than  that  of  the  other 
forms  which  gave  practically  similar  results. 

The  reasons  for  choosing  dimensions  of  coupon,  namely,  36 
in.  X  2  in.  in  rough,  of  which  a  section  of  at  least  8  in.  between 
grips  is  to  be  prepared  H  in.  wide,  were  that  such  length  of 
coupon  will  make  two  test  specimens  if  check  testing  is  de- 
aired,  or  it  will  furnish  one  tensile  test  specimen  and  one  for 
bending  and  quenching  tests.  A  specimen  finished  1+  in. 
wide  and  of  the  thickest  sheets  used  in  locomotive  boilers  will 
be  within  capacity  of  a  100,000  lbs.  test  machine,  and  a 
50,000-lbs.  machine  will  serve  for  nearly  all  that  are  used. 
Your  committee  was  satisfied  itself  by  tests  that  specimens  H 
in.  wide  prepared  from  coupous  2  in.  wide  and  of  thickness  of 
I  in.  do  not  appear  to  be  affected  by  shear  hardening. 

The  results  were  as  below  : 

TEST  OF  V,"  BOILER  STEEL  SHEARED   TO   DIFFERENT  WIDTHS 
AND  PREPARED  TO  SECTION  1H'  WIDE. 


No. 

Rough 
Width. 

Finished 
Width. 

Tensile 
Strength . 

Elongation 
in  8'. 

1 

0 

2- 

2U- 

1.522 

1.522" 
1.522 

1.522- 

56.900 
56.400 
56.300 
56,100 

24 
26 

4  ..          

29 
26.5 

The  heating  and  quenching  test  is  introduced  because  many 
users  of  steel  have  no  other  available  method  of  investigating 
the  quality  of  steel  used,  and  it  is  to  be  noted  that  in  nearly 
all  marine  boiler  specifications  this  clause  is  embodied  with 
modifications. 

In  order  to  establish  the  identity  of  the  test  specimen,  the 
method  requiring  the  sheet  and  the  test  piece  to  be  attached  is 
preferred. 

It  will  at  times  happen  that  the  test  coupon  is  too  much 
warped  to  be  prepared  without  some  straightening.  In  such 
cases  it  is  necessary  that  the  manipulation  shall  not  cause 
hardening  of  the  piece.  In  such  case  we  recommend  squeez- 
ing cold  in  press  or  between  anvil  and  tup  of  steam  hammer  ; 
but  it  should  never  be  done  by  hammering,  nor  should  the 
coupon  be  subject  to  any  heat  treatment  before  testing. 

No  better  method  has  been  proposed  of  detecting  lack  of 
homogeneity  in  fire  sheets,  than  that  of  nicking  test  piece  on 
edges  and  bending.  Laminations  are  thus  shown  when  care- 
ful examination  of  edges  does  not  reveal  them. 

SPECIFICATION. 

Qeneral  Requirements. — Under  head  of  ordering,  inspecting 
at  mill,  marking  and  shipping,  no  recommendations  are  made, 
for  reasons  that  no  general  rule  suitable  for  all  roads  can  be 
formulated,  and  it  is  not  essential  for  uniformity  that  such  rule 
be  made. 

Test  Pieces.—  Test  pieces,  one  from  each  plate,  shall  be  in 
rough,  2  in.  wide  and  36  in  long,  aud  as  nearly  straight  and 
free  from  twist  as  possible  and  in  no  case  must  be  annealed. 
Each  plate  shall  bear  maker's  name,  either  rolled  or  stamped. 
The  heat  number,  and  in  addition  such  identification  marks  as 
may  be  specified  by  ordering  road,  shall  be  put  on  each  plate 
and  test  piece. 

When  inspectors  are  present  at  mills,  butt  strips  may  be  cut 
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from  any  plate,  provided  such  sheets  are  represented  by  test 
coupons  Where  inspectors  ate  not  at  mills,  they  must,  as  far 
as  possible,  be  cut  from  a  single  sheet  as  rolled,  and  each  sheet 
cut  into  butt  strips  will  be  represented  by  atest  strip.     All  butt 

strips  as  well  as  test  strips  shall  hear  the  heat  number. 

8/tear  Marks. —  Each  sheet  shall  he  accompanied  by  test  cou- 
p  ra  2  in.  x  31!  in.  long  attached  atone  end  to  sheet. '  To  faeili 
tate  future  matching,  should  it  he  necessary,  both  sheet  and 
coupon  shall  he  stamped  twice  across  division  line  with  a  shear 
mark,  either  round,  oval  or  of  other  agreed  form  ;  which 
mark  should  he  not  less  than  3  in.  across. 

In  cases  where  one  large  plate  is  cut  into  several  smaller 
ones,  all  represented  by  one  test  piece,  the  same  shear  mark 
shall  he  stamped  across  each  division  line  in  two  places  before 
shearing,  so  that  subsequent  identification  may  be  readily  per 
formed. 

Dimensions.— Plates  must  be  of  shape  and  dimensions  or- 
dered. Any  excess  in  weight  over  that  correspoudimi  to  the 
dimensions  in  the  order  greater  than  that  specified  in  table 
below  will  not  be  paid  for. 

In  computing  weight  of  plate  from  dimensions,  1  cub.  in. 
will  be  taken  as  weighing  0.2836  lb. 

Allowance  for  overweight  over  that  corresponding  to  dimen 
sions. 

For  plates  }  in.  thick,  10  per  cent. 
"       "       A,        "  8        " 


IS 

6 

$ 

5 

9               " 

H 

" 

4 

Plates  measuring  one-one  hundredth  of  an  inch  less  in  thin- 
nest part  than  that  ordered,  and  all  plates  which  show  seams 
or  cracks  at  the  sheared  edges,  or  which  have  cracks,  slivers, 
or  depressions  in  the  surface,  or  which  develop  defects  in 
working,  will  be  rejected.  Rejection  on  account  of  thinness 
is  to  be  made  only  after  measurement  of  the  actual  sheet. 
Test  pieces  being  prepared  from  the  edge  of  sheet  are  liable 
to  be  thinner  than  the  main  sheet. 

Test  pieces  when  finished  will  be  1{  in.  wide  in  test  section 
and  of  full  thickness  of  plate,  and  may  be  either  parallel  sided 
or  of  reduced  section,  and  prepared  either  by  longitudinal 
planing  or  milling.  Where  reduced  section  is  adopted,  the 
distance  between  bottom  of  fillets  shall  be  not  less  than  9  in  , 
ami  radius  of  fillets  shall  be  not  less  than  i  in.  and  preferably 
more.  Elongation  will  be  measured  between  tram  punch 
marks  originally  8  in.  apart,  anil  on  reduced  sections  placed 
approximately  equidistant  between  fille's.  In  parallel-sided 
sections  the  tram,  punch  may  be  applied  at  more  than  one 
point  to  insure  breakage  occurring  between  the  marks. 

Specii!  Reqvin  rm  ntsfor  Shell  Steel.—  Tensile  strength,  55,000 
lbs.  to  65,000  lbs.  Elongation  not  less  than  20  per  cent,  in  8 
in.  Test  piece  having  rough  edges  removed  by  filing,  grind- 
in.'  or  machining,  shall,  without  annealing,  bend  over  on  itself 
both  while  cold  and  after  being  heated  to  a  cherry  red,  and 
dipped  in  water  at  80°  F.  without  showing  cracks  or  flaws  on 
outside  edge.     No  chemical  requirements. 

Special  Requirements  for  Fin  Box  Steel. — The  majority  of  the 
committee  favored  specification  reading  as  follows  : 

Metal  is  to  have  tensile  strength  of  55,000  lbs.  to  65.01)0  lbs. 
with  60,000  lbs.  desired  and  -Js  per  cent,  elongation  preferred. 

The  chemistry  desired   is  :  Carbon,   .18  ;    phosphorus,   not 
above  .03  ;  manganese,  not  above  .40  ;  sulphur,  not  above  .<•'-' 
silicon,  not  above  .02. 

1  Mates  will  be  rejected  having  :  1.  Tensile  strength  less  than 
55,000  lbs.  J.  Tensile  strength  over  05,000  lbs.  3.  Elonga- 
tion less  than  22  percent,  in  8  in.,  and  in  i  in.  plates  not  less 
than  20  per  cent,  in  8  in.  4.  Failure  to  stand  bending  and 
quenching  test  as  for  shell  steel.  5.  Any  seam  or  cavity  more 
than  i  in.  long  in  any  of  the  fracture  of  homogencin 

Ghemieal.— Carbon,  over  0.25;  carbon,  below  0'l5  ;  phos 
phorus,  over  0.035  .  manganese,  over  0.45  ;  silicon,  over  0.03  ; 
sulphur,  over  0.045. 

Homogeneity  test  is  made  in  the  following  manner  : 

A  portion  of  the  broken  test  piece  is  nicked  with  chisel  on 
site  sides  alternately,  nicks  being  about  1  in.  apart.    Test 
piece  is  then  firmly  held  in  vise  and  broken  by  a  number  of 
light  blows,  bending  being  away  from  the  nicks. 

Laminations  more  than  |  in.  long  to  condemn. 

The  object  of  this  is  to  open  and  reveal  seams  due  to  failure 
to  weld  up,  or  to  foreign  interposed  matter  or  cavities  due  to 
bubbles  in  the  ingots. 

The  above  specification  is  intended  to  be  liberal  in  its  provi- 
sions, ami  does  not  dilTci  greatly  from  others  that  have  been 
used,  and  committee  believes  that  it  will  lie  satisfactory. 

This  report  was  signed   by  Messrs.  A.  \V.  Gibbs,  William 


Forsythe.  T.  A  Lawes,  G.  R.  Henderson  and  E  M.  Roberts, 
while  Messrs  Henderson  and  Roberts  united  in  submitting  the 
following  minority  report  : 

We  agree  to  all  the  items  of  this  proposed  specification  ex- 
cept tin   tensile  limits  of  fire-box  steel 

Believing  that  this  material  should  be  kept  soft,  and  that  a 
hard  steel  is  objectionable  on  account  of  its  liability  to  crack  in 
service,  we  recommend  that  the  minimum  ultimate  strength  be 
50,000  lbs.  and  the  maximum  ultimate  strength  58,000  lbs.  per 
square  inch  Some  of  the  members  of  the  committee  urged 
the  plea  that  as  the  working  pressure  of  boilers  had  been  in- 
creased from  30  to  50  per  cent  over  previous  pressures,  and  as 
it  was  unwise  to  thicken  the  lire-box  sheets,  that  a  stronger 
material  should  be  used.  We,  however,  think  that  an  increase 
of  strength  in  the  steel  of  10  per  cent  will  go  but  a  very  short 
way  toward  making  up  the  increase  in  pressure  of  30  or  50  per 
cent.,  especially  when  the  risk  of  cracked  sheets  and  use  of  a 
harder  steel  are  the  penalties. 

We,  therefore,  propose  to  the  Association  that  the  tensile 
limits  of  fire-box  steel  in  the  new  specification  be  altered  to 
read  from  50,000  to  58,000  lbs.  per  square  inch  respectively, 
and  that  the  carbon  be  reduced  to  from  0.10  to  0.20  per  cent., 
the  elongation  being  30  per  cent,  for  J  in.  plates  and  24  per 
cent,  for  /fin.  thick  and  upward  in  8  in.  of  length. 

After  some  discussion  an  amendmeut  was  introduced  chang- 
ing the  condemning  point  of  sulphur  from  .045  to  .035,  and 
with  this  amendment  the  report  was  adopted  as  the  practice  of 
the  Association.     During  this  discussion  Mr.  McConnell  said  : 

"  We  have  used  in  the  last  year  in  the  neighborhood  of 
600,000  lbs.  of  boiler  steel.  We  have  a  record  extending  over 
some  ten  years,  and  the  average  life  of  the  fire  boxes  does  not 
exceed  with  us  five  years.  In  some  cases  the  fire  boxes  have 
been  worn  out  in  two  years.  Our  specification  has  been  here- 
tofore from  60,000  to  65,000  lbs.,  but  we  believe  that  is  too 
high.  I  do  not  think  the  same  specifications  for  steel  will  an- 
swer equally  well  in  bad  water  and  good  water.  We  have  re- 
duced the  tensile  strength  of  steel  down  to  from  50,000  to 
57,000  lbs.,  and  the  carbon  down  to  not  less  than  .13  nor  alwve 
.Is.  We  think  we  get  better  results  there.  The  character  of 
the  water  has  a  good  deal  to  do  with  the  hardness  of  the  steel 
that  you  can  use.  Our  water  is  largely  an  alkaline  water.  We 
have  a  chemist  ;  and  of  every  sheet  of  steel  that  comes  to  us 
we  make  a  chemical  analysis  as  well  as  a  mechanical  test.  The 
largest  sheets  we  use  are-  235  in.  long,  10!)  in.  wide  and  -fa  in. 
thick.  That  is  used  with  the  side  sheet  and  wagon  top.  The 
sheet  on  some  of  the  boilers  is  114  in.  wide  by  186  to  106  in. 
long.  I  think  it  would  be  a  mistake  to  have  any  geneial 
recommendation  for  steel  for  fire  boxes  for  the  whole  country." 

In  reply  to  a  question  from  Mr.  Dean  as  to  the  reason  why 
the  committee  has  ignored  the  elastic  limit  of  steel,  Mr.  Gibbs 
replied  that,  in  the  first  place,  we  use  very  little  of  it  :  and 
secondly,  all  of  the  strain  is  somewhere  near  14,000  lbs.  per 
square  inch,  and  that  strain  is  so  much  below  the  clastic  limit 
of  any  steel  we  know  of  that  we  did  not  consider  it  necessary 
to  touch  upon  it.  The  determination  of  the  elastic  limit  is  a 
much  more  troublesome  matter  than  that  of  the  other  quali- 
ties ;  it  is  necessary  to  put  micrometers  on  the  piece  and  meas- 
ure each  pull  and  the  stretch,  and  go  on  that  way  until  the 
stretch  begins  to  increase  faster  than  the  strain.  There  is  a 
good  deal  more  work  in  it  than  the  ordinary  test.  As  to  mak- 
ing the  test  longitudinally  and  crosswise,  we  found  only- 
one  specification  where  that  was  referred  to.  In  that  case 
there  was  no  difference  in  the  tensile  strength  of  the  sheet 
either  way  They  called  for  an  elongation  of  25  percent, 
pulled  lengthwise,  and  25  per  cent,  pulled  crosswise.  We 
made  a  little  test  and  got  about  the  same  result— 2  per  cent- 
difference.  On  the  matter  referred  to  byr  Mr.  McConnell— the 
tensile  strength— of  course  we  haven't  got  any  water  east  of 
the  Mississippi  River  that  is  as  bad  as  the  water  he  uses.  We 
tabulated  the  results  of  255  boxes,  and  got  as  many  as  possible 
of  the  fire  boxes  west  of  the  mountains,  where  they  run  in  a 
limestone  country,  and  as  far  as  we  have  gone  theie  is  nothing 
to  show  anything  inconsistent  with  the  highest  return  in  sheets 
having  the  highest  tensile  strength. 

Bome  exception  was  taken  to  this  reason  on  the  ground  that 
the  factor  of  safety  should  be  based  on  the  elastic  limit. 

Mr.  Fox,  of  Leeds.  England,  was  cited  as  having  declared 
that  there  is  no  trouble  in  getting  phosphorus  and  sulphur  as 
low  as  .04  and  .05,  and  this  in  spite  of  the  fact  that  there  is  no 
natural  gas  to  be  used  as  fuel  in  that  country.  A  case  was 
given  of  a  boiler  that  had  exploded  wherein  the  steel  could  be 
bent  nearly  double  lengthwise  of  the  grain,  while  across  the 
same  it  could  only  be  bent  to  an  angle  of  about  5' 

.Mi;.  GEORGE  Gums  stated  that  he  had  a  tabulated  statement 
according  to  the  makes  of  steel  and  the  tensile  strength.  The 
average  mileage  is  260,000  miles  for  fire  box  sheets.  The  ten- 
sile strength  varies  between  50,000  and  60,000  lbs. 
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Opinions  were  expressed  against  annealing  of  the  sheets,  on 
the  ground  that  there  is  a  great  deal  of  difference  in  annealing, 
and  the  man  who  makes  the  sheet  has  no  means  of  knowing 
what  it  will  be  subjected  to  if  it  is  to  be  put  through  an  an- 
nealing process.  Mr.  Leeds,  of  the  Louisville  &  Nashville  Rail- 
roa  1.  called  attention  to  one  of  the  items'in  the  specifications 
of  his  road  where,  if  the  elongation  exceeded  30  per  cent  the 
tensile  strength  was  to  beincreased  5,000  lbs.,  adding  that  they 
had  obtained  very  good  results  with  fire-box  steel  ranging  in 
strength  from  52,000  to  58,000  lb*.,  and  that  they  insisted  as 
much  as  possible  on  the  elimination  of  every  element  that  could 
act  as  a  hardener. 

At  the  conclusion  of  this  discussion  there  was  a  sort  of  an 
experience  meeting,  wherein  the  topic  was  that  of  the  com- 
pound locomotive.  The  talk  was  opened  by  Mr.  Garstang, 
who  stated  that  there  was  a  compound  locomotive  on  his  road, 
made  by  the  Richmond  Locomotive  Works,  and  which  is  illus- 
trated and  described  in  another  column  of  this  paper.  He 
practically  corroborated  what  we  published  in  our  April  issue 
;cs  to  the  saving  effected  by  the  machine.  He  was  followed  by 
Mr.  Vauclain,  of  the  Baldwin  Locomotire  Works,  who  cited 
one  of  their  engines  that  is  now  hauling  a  fast  express  between 
Camden  and  Atlantic  City,  and  which  is  scheduled  for  faster 
time  than  the  Empire  State  Express,  and  concluded  by  advo- 
cating the  building  of  boilers  that  would  carry  200  lbs.  pressure 
of  steam. 

Mr.  Forney  then  submitted  the  following  statement  and 
letter,  which  we  publish  in  full,  and  which  are  self-explana- 
tory : 


for  maintaining  fire  when  engine  was  not  in  service  between 
trips.     I  inclose  herewith  a  London  &  Northwestern  folder. 

Yours  truly, 

William  Bccitanax. 

The  question  was  at  once  raised  as  to  the  relative  grades  on 
the  two  roads  whose  engines  are  thus  compared,  and  it  was 
stated  that  they  are  much  the  same.  It  was  added  that  the 
London  &  Northwestern  use  a  great  deal  of  Welsh  smokeless 
coal.  It  is  a  kind  of  anthracite  and  a  slower  burning  coal  than 
that  used  on  the  New  York  Central,  but  with  practically  the 
same  evaporative  value.  Attention  was.  however,  at  once 
called  to  the  fact  that  Mr.  Webb  reports  that  he  has  obtained 
an  evaporation  of  10  lbs.  of  water  per  pound  of  coal,  whereas  it 
is  about  impossible  for  us  to  get  more  than  6i  lbs.  in  this  coun- 
try. If,  then,  we  make  the  correction  based  on  these  figures, 
it  leaves  the  Webb  engines  still  further  behind  than  is  shown 
in  this  report. 

One  of  the  advocates  of  the  compound  engine  stated  that  it 
was  very  essential  that  these  locomotives  should  be  kept  in  the 
best  possible  state  of  repair,  as  "  the  little  leaks  and  things  we 
sometimes  have  will  tell  less  with  the  simple  engine  than  with 
the  compound."  Then  other  speakers  followed  with  amass 
of  figures  that  in  a  general  way  tended  to  prove  that  there  was 
a  decided  saving  in  fuel  as  the  result  of  the  use  of  the  com- 
pound locomotive,  and  this  saving  ranged  from  15  to  40  per 
cent,  with  about  the  same  cost  for  repairs. 

Mr.  Medwav  submitted  a  statement  of  his  experience  with 
the  compound  engine  for  six  months  ending  September,  1893  : 


STATEMENT. 

Relative  to  Mileage,  Speed  and   Fcel   CoNsr/HPTioN  o»  New    York  Central    Railroad   Engines   Ncmber  ! 

London  &  North  Western  Compound  Engines  "Greater  Britain.' 


9,  Empire  State  88*.  and   the 


London  and  North 

Western  Engine 

"Greater  Britain.'' 


New  York  Central 
Engine  No.  888. 


New  York  Central 
Engine  No.  888. 


New  York  Central 
Engine  No.  9d9. 


T.*  Cwt 

Weight  of  engine  and  render  in  working  order  77  2 

Avenge  weight  of  train,  including  passengers,  baggage  and 
m«ls,  but  excluding  engine  and  tender...   160  8 

Average  weight  of  train,  including  passengers,  baggage  and 
m  ills,  and  including  engine  and  tender 237  10 

Time  table  time,  deducting  stops "tin.  7m. 

D'dnct  time  made  up  by  engine 0      50 

Actual  running  time 75  h.    17  m. 

Total  distance  traveled  at 'ached  to  trains  3.5S8  miles. 

light 24    " 

3,612  miles. 

Average  speed 47.0;  miles  per  hour. 

Toial  weight  of  coal  cons  imed.  excluding  lighting  np 47  tons  17  cwt. 

Actual  consumption  of  coil  per  mile  excluding  lighting  up 29  87  lbs. 

Consumption  of  coal  per  mile,  including  1.2  lbs.  for  lighting  up. .  .31.07  " 

To'al  number  of  ton  miles,  including  passengers,  baggage  and 
mails,  bnt  excluding  engine  and  tender .575,557 

To:al  number  of  ton  miles,  including  passengers,  baggage  and 
mails,  and  including  engine  and  tender  852,224 

Consumption  of  coal  per  mile  per  ton  of  train,  including  passen-.; 
g'-rs.  baggage  and  mails,  but  excluding  engine  and  tender,  at 
29871bs  permile 2.979ozs. 

Consumption  of  coal  per  miie  per  ton  of  train,  including  passen- 
gers, baggage  and  mails,  and  including  engine  and  tender,  at 
29.87  lbs.  per  mile  2  012    " 


Cwt. 
6 


182 
252 


34  h.  0  m 
1,776  miles. 


1.776  miles. 


ISO 


Cwt. 


12 

18 

11  h.  8  m. 
0  h.  53  m . 
i  b.  15  m 
3.H48  miles. 

.- 
3.876 


T.« 
91 


279 


Cwt. 
0 


52.24  miles  per  hour.        51  13  miles  per  hour 


26  tons        11  cwt. 
33-48  lbs. 
31.69    " 

288  82S 

447.552 

3.30  ozs. 
2.12    •• 


56  tons    9  cwt. 
32  -6  His. 
35    '■  t 

095.0OS 

1.038.619 

2.960  ozs. 

1.936    " 


370  0 

2w  h.    211  m. 

"28  h.'    aim."' 
1,287  miles. 

45      ■ 
1,332      • 
45  42  miles  per  hour. 
21  tons  17  cwt. 
3S.3  lbs. 
39.21   - 

359.C73 

476.190 


2.18  ozs. 


«  2.240  lbs. 

+  On  the  test  of  888  the  consumption  of  35  lbs.  per  mile  includes  the  coal  used  for  kindling  at  the  commencement  of  test,  and  the  amonnt  used  each 
night  to  maintain  the  fire  while  the  engine  was  in  the  round  bouse. 


New  YoBK,  June  13,  1894. 
Mr.  .'/.  -V  Forney,  Ho*'!  Windsor,  Saratoga,  X   Y  : 

Dear  Sir  1  When  at  the  World's  Fair  I  picked  up  one  of 
the  London  &  Northwestern  folders,  giving  weight,  speed  and 
fuel  consumption  of  the  Greater  Britain,  which  they  claim  is 
a  sister  engine  to  the  Queen  Empress. 

I  have  been  making  some  tests  in  regard  to  fuel,  comparing 
them  with  the  Greater  Britain  ;  in  the  first  test  with  engine 
Xii.  888.  on  the  Empire  State  Express,  I  was  somewhat  sur- 
prised at  the  low  consumption  of  fuel  of  the  simple  engine, 
and  also  made  another  test  with  engiue  No.  999,  on  the  same 
train,  and  was  still  more  surprised  on  comparing  it  with  the 
compounil  Grcittr  Britain.  I  then  made  another  test  with 
engine  No  88*  on  the  same  train,  running  about  the  same  num- 
ber of  miles  as  the  compound.  I  inclose  herewith  the  results 
of  the  last  test  compared  wiih  the  Great*  Britain,  which  I 
think  is  a  favorable  showing  ;  as  you  will  see,  we  ran  more 
miles  and  at  a  higher  rate  of  speed  than  the  compound.  1  was 
particular  in  getting  the  total  number  of  passengers  carried 
on  the  train,  also  the  amount  of  baggage  and  the  weight  of 
same  from  the  transportation  department —this  not  including 
the  satchels,  etc.,  carried  by  the  passengeis  in  the  cars.  I 
am  of  the  opinion  that  this  will  be  interesting  to  you,  as  you 
will  note  the  amount  of  coal  is  included  for  lighting  and  also 


Compound  cylinders,  21  31  x  26  :  simple  cylinder,  18  X  24  ; 
steam  pressure,  compound,  180  ;  simple,  180  ;  miles  run,  com- 
pound, 12,794  :  simple,  19.300  ;  miles  per  ton  of  coal,  com 
pound,  25.1  ;  simple,  22  ;  repairs,  cost  per  mile  in  cents,  com- 
pound, $2. To   ;  simple,  $1.26. 

Mi:  Mitciiei.l  :  "  We  used  compound  engines  with  the  ob- 
ject of  reducing  the  consumption  of  water  ;  and  by  using  them 
we  thought  we  could  escape  two  water  tanks  and  obtain  better 
water  at  another  point,  and  prolong  the  life  of  the  Hues  40  per 
cent,  and  the  life  of  the  fire  box  thirty  per  cent.  We  have  run 
them  in  fast  freight  service.  The  result  shows  a  saving  in 
coal,  no  greater  repairs  and  the  engineers  prefer  them  to  the 
simple  engines.  Two  of  these  engines  with  68-in.  wheels  were 
put  in  the  passenger  service,  and  when  first  received  the  con- 
sumption of  coal  was  greater  than  on  the  simple  engine.  I 
took  active  steps  to  draft  the  engines  properly,  and  now  they 
are  burning  less  coal  than  the  simple  engines  and  give  good  re- 
sults. I  can  fully  indorse  the  Baldwin  compound  engine  as  a 
more  economical  engine  than  the  simple  engine.  We  now 
have  fifteen  compound  engines  on  our  line,  six  of  which  are 
decapods." 

The  discussion  was  closed  by  Mr.  Dean,  who  remarked  that 
perhaps  one  of  the  reasons  for  the  better  showing  of  the  New- 
York  Central  engine  as  compared  with  Mr.  Webb's  engine  was 
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that  the  former  h;ul  about  2,000  sq.  ft.  of  heating  surface,  while 
the  latter  had  but  1,350. 

The  next,  report  read  was  that  on  Locomotive  Fire  Kindlers  ; 
the  conditions  laid  down  for  the  successful  kindler  were  : 

1.  There  must  he  no  oil  stored  in  the  building.  2.  There 
must  be  no  gravity  tlow  toward  a  building  under  any  circum- 
stances. 3.  Only  so  much  oil  must  be  brought  into  a  building 
as  will  kindle  the  lire  or  tires  needed  ;  the  surplus,  if  any,  im- 
mediately removed.  4.  A  burner  easy  to  handle.  5.  No  pos- 
sibility of  leaving  the  supply  of  oil  on  by  accident  or  careless- 
ness, (i.  A  system  of  fire  kindling  cheaper  and  better  than  that 
in  use. 

The  report  concluded  with  a  description  of  the  Leslie  fire 
kindler  as  used  in  the  shops  of  the  Chicago,  Hock  Island  & 
Pacific,  the  Burlington,  Cedar  Rapids  tfc  Northern,  a  full  de- 
scription of  which  is  given  in  another  column  of  this  issue. 

The  report  of  the  Committee  on  Exhaust  Nozzles  consisted 
of  some  very  carefully  tabulated  statements  of  the  results  ob- 
tained in  a  shop  test  with  an  adjustable  exhaust  nozzle.  The 
adjustment  of  the  nozzle  consisted  in  a  partition  that  could  be 
raised  or  lowered  at  the  junction  of  the  passages  leading  from 
the  two  cylinders.  This  partition  had  a  vertical  lift  of  5  in., 
and  its  object  was  to  increase  or  decrease  the  area  of  the  ex- 
haust pipe  at  the  combining  point.  It  was  also  arranged  witli 
a  telescope  pipe  that  had  a  vertical  movement  of  5f  in.  This 
was  to  obtain,  if  possible,  a  fixed  relative  position  between  the 
top  of  the  exhaust  tip  and  the  stack. 

The  conclusions  reached,  as  a  result  of  these  tests,  were  : 

1.  The  results  show  that  within  the  limits  of  these  experi- 
ments the  vacuum  is  greater  when  the  nozzle  is  below  the  cen- 
ter of  the  boiler  than  when  above  it.  The  extreme  limits  of 
variation  of  the  height  of  the  nozzle  in  these  tests  was  from  1| 
in.  below  the  center  of  the  boiler  to  11  in.  above,  which  cor- 
responds to  a  variation  from  28s  in.  from  the  base  of  the  stack 
at  the  top  of  the  smoke  arch  to  16  in.  from  the  same  point. 

2.  It  was  found  that  the  back-piessure  line  on  the  indicator 
cards  was  raised  considerably  when  the  partition  in  the  exhaust 
pipe  was  at  the  lowest  position  and  when  the  speed  was  low, 
especially  for  long  cut-offs  (see  fig.  15).  This  is  due  to  the  in- 
terference of  one  exhaust  jet  with  the  other.  It  is  evident  that 
for  passenger  engines  the  position  of  the  partition  is  immate- 
rial, as  there  was  no  rise  of  the  back-pressure  line  on  the  indi- 
cator cards  at  high  speed  for  any  position  of  the  partition.  The 
variation  of  the  position  of  the  partition  from  the  top  of  the 
exhaust  nozzle  was  from  28  in.  to  15f  in.,  and  the  variation  of 
one  opening  of  the  exhaust  pipe  at  the  partition  was  65  to  123 
per  cent,  of  the  area  of  the  exhaust  nozzle. 

3.  After  experimenting  with  13  in.,  14-in.  and  16-in.  straight 
stacks  and  a  13  in.  tapered  stack  of  the  designs  shown  in  figs. 
4  to  7  inclusive,  it  would  appear  that  the  maximum  draft  can 
be  obtained  under  all  conditions  by  using  a  tapered  stack  hav- 
ing easy  approach  at  the  bottom  and  a  tapered  part  at  the  top, 
having  a  total  angle  of  about  10  .  Fig.  14  shows  the  general 
shape  of  such  a  stack.  It  is  important  that  the  contracted  por- 
tion of  the  stack  and  the  exhaust  nozzle  be  so  located  that  the 
steam  will  strike  the  stack  at  or  below  the  contracted  portion. 

1  With  this  engine  a  14-in.  straight  stack  gave  a  greater 
vacuum  than  a  13-Tn.  and  a  16-in. 

5.  It  was  found  that  a  variation  in  the  position  of  the  choke 
in  a  straight  stack,  arranged  as  shown  by  fig.  8,  did  not  mate- 
rially alter  the  vacuum  when  the  steam  jet  struck  the  stack 
below  the  choke.  (See  Table  VI.)  But  when  the  exhaust 
nozzle  was  raised  and  the  choke  lowered  so  that  the  steam  jet 
struck  the  stack  above  the  choke,  the  vacuum  was  materially 
reduced. 

II.  This  lest  shows  that  an  increase  of  the  length  of  the 
smoke-box  over  and  above  that  necessary  to  get  in  a  cinder 
pocket  in  front  of  the  cylinder  saddle  is  unnecessary  and  unde- 
sirable as  the  long  smoke-box  greatly  decreases  the  vacuum. 
Sufficient  area  of  netting  can  be  put  into  a  smoke- box  which  is 
long  enough  to  give  room  for  a  cinder  pocket  in  front  of  the 
cylinder  saddle. 

In  the  discussion  which  followed,  Mr.  McConnell,  of  the 
Union  Pacific  Railroad,  gave  some  interesting  information  in 
regard  to  the  experience  on  his  road  with  the  straight  and  dia- 
mond stacks.  He  said  "  Our  cylinders  are  constructed  on  a 
very  liberal  plan.  The  result  of  the  diamond  stack  in  dollars 
and  cents  to  our  company  has  been  that  in  1890  we  hauled  251 
loaded  freight,  ears  one  mile  with  a  ton  of  fuel  ;  in  1893  we  hauled 
860  ears  with  a  ton  of  fuel  ;  in  passenger  service,  1890,  119  ; 
is'.):',,  145  passenger  cars  one  mile  with  a  ton  of  fuel  ;  in  1890, 
2.590  tons  one  mile  ;  lM!»:j,  2,757  tons  of  freight  one  mile  with 
one  ton  of  coal  ;  in  1*20  our  engines  were  all  equipped  with 
the  extension  front  and  straight  stack  ;  in  1893,  all  equipped 
with  diamond  stack.  In  1890,  expense  of  handling  cars,  in- 
cluding expense  of  motive  power  and  car  department,  wTas 
3.17;  in  1893,  reduced  to  2.79;  1890,  the  passenger  service 


was  5  ears  to  a  train  ;  1893,  5.96.  The  freight  service  has  also 
increased  :  15.86  cars  in  a  train  in  1890,  17.12  in  1893.  Ton- 
nage has  increased,  and  we  have  saved  in  one  year  87,000  lbs. 
of  coal  by  our  diamond  stack.  Our  Hues  were  worn  out  faster 
with  the  extension  front  end.  Our  experience  has  been,  it  is 
more  economical  and  we  get  better  results  from  the  diamond 
stack  than  extension  front  end." 

This  statement  was  followed  by  a  desultory  talk  on  the  com- 
parative merits  of  the  long  and  short  front  ends,  and  about  as 
many  opinions  were  expressed  as  there  were  speakers,  the  re- 
sult of  which  was  that  the  committee  was  continued  for  an- 
other year,  with  instructions  to  take  up  and  investigate  the 
relative  merits  of  the  straight  and  the  diamond  stacks. 

The  committee  appointed  to  report  on  the  Methods  of  Sand- 
ing the  Track  stated  that  the  probable  saving  that  can  be 
effected  by  the  use  of  a  well-designed  air  apparatus  would 
amount  to  from  35  to  51)  per  cent. 

According  to  the  reports,  the  cost  of  sand  in  the  box  varies 
from  20  cents  to  $2.47,  and  averages  $1.13  per  ton.  In  cases 
where  the  cost  is  given  as  low  as  20  cents  per  ton  we  can  hardly 
believe  that  the  cost  of  loading  and  transportation  have  been 
taken  into  account.  However,  taking  the  average  cost  per 
ton  and  the  average  amount  used  by  each  engine,  as  given  in 
the  reports,  and  figuring  a  saving  with  improved  devices  of 
one-third,  which  we  believe  to  be  a  conservative  estimate,  we 
have  a  saving  in  value  of  sand  alone  of  $17.32  a  year.  Adding 
to  this  the  reduced  wear  of  tires,  machinery,  tender  and  car 
wheels,  rails  and  ties,  and  also  the  lessened  resistance  to  trains, 
the  result  is  strongly  in  favor  of  this  method  of  sanding. 

The  committee  placed  particular  stress  upon  the  necessity 
of  having  the  sand  thoroughly  dried  and  screened  through  a 
netting  not  coarser  than  four  meshes  to  the  inch  each  way,  or 
perforated  sheet  steel  with  openings  not  over  i  in.  wide,  as  the 
current  of  air  has  a  tendency  in  light  feeding  to  blow  out  only 
the  finer  sand,  the  coarser  material  accumulating  and  in  time 
requiring  to  be  cleaned  out  by  a  stronger  blast  through  open- 
ings  provided  for  that  purpose. 

The  experience  of  the  committee  on  special  shop  tools  coin- 
cides so  closely  with  our  own  editorial  experience  as  to  be 
really  identical.  We  have  found  that  those  things  which  at- 
tract the  most  attention  are  the  wrinkles  and  home-made  con 
trivances  that  are  made  by  men  to  help  themselves  out  of  diffi- 
culties, and  that  these  are  the  last  things  to  be  mentioned  and 
shown  when  we  are  on  a  visit  to  shops.  In  dealing  with  this 
same  spirit  the  committee  writes  : 

"  \~our  committee  were  somewhat  delayed  and  incon- 
venienced by  the  failure  of  members  to  fully  understand  the 
exact  nature  of  the  subject  to  be  reported  upon,  many  think- 
ing that  we  desired  to  get  information  in  regaid  to  patented 
and  manufactured  devices  only,  and  that  the  many  handy  and 
useful  tools  gotten  up  in  their  shops  were  not  to  be  included. 
Several  members  writing  us  that  they  had  no  tools  purchased 
with  a  view  of  meeting  special  work,  but  had  gotten  up  in 
their  shops  at  different  times  many  useful  tools  to  meet  cer- 
tain classes  of  repairs  on  locomotives,  but  they  did  not  suppose 
we  wanted  them,  as  they  were  of  the  opinion  that  all  other 
shops  had  been  driven  by  necessity  to  provide  just  such  things  ; 
however,  when  we  got  it  fully  understood  with  them,  we  were 
very  much  pleased  with  the  result.  In  this  way  we  have  suc- 
ceeded in  bringing  out  from  under  the  work  benches  and  back 
corners  of  tool-rooms,  etc.,  a  great  many  things  of  interest,  a 
majority  of  which  can  be  fitted  up  in  any  well-regulated  shop 
at  a  nominal  cost,  ami  without  having  to  order  much,  if  any, 
new  material,  and  certainly  without  having  to  make  requisi- 
tions for  new  tools.  Many  of  these  devices  are  the  result  of 
bright  mechanics  and  foremen  being  forced  to  accomplish  much 
with  small  resources,  others  are  the  result  of  study  on  the  part 
of  mechanical  engineers  and  draftsmen  connected  with  repair 
shops,  with  a  view  of  meeting  otherwise  difficult  jobs  with 
dispatch  and  economy." 

The  remainder  of  the  report  is  taken  up  with  a  discussion  of 
the  value  of  hydraulics  and  compressed  air  as  a  means  of  driv- 
ing special  tools,  concluding  with  a  long  list  of  such  tools  that 
were  furnished  to  the  committee  by  the  several  members. 

The  Committee  on  the  Cost  of  Maintaining  Locomotive 
opened  their  report  with  the  statement  that  it  early  realized 
the  difficulties  in  the  wayof  presenting  facts  and  figures  to  the 
Association  that  would  be  valuable  and  conclusive.  Besides, 
the  figures  on  performance  sheets  do  not  always  give  the  true 
cost  of  maintaining  the  locomotives  reported  on  them,  and  an 
intelligent  comparison  of  costs  of  repairs  on  different  roads  is 
almost  impossible  because  of  the  various  items  of  expenditure 
which  are  often  improperly  added  to  or  omitted  from  the  ac- 
count. This  difference  in  the  methods  of  accounting  is  not 
chargeable  to  the  mechanical  department,  but  arises  from  the 
lack  of  uniformity  of  opinions  in  the  accounting  departments 
of  the  roads. 
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Besides  the  methods  of  keeping  accounts  there  are  many 
other  reasons  why  a  comparison  of  performance  sheets  is  liable 
to  1«  misleading.  The  repair  account  often  fluctuates  greatly 
from  causes  entirely  beyond  the  control  of  the  mechanical  or 
any  other  department— as.  for  instance,  by  the  necessity  for  re- 
trenchment, which  may  greatly  reduce  the  expenses  of  the  de- 
partment for  a  time,  only  to  swell  them  to  unusual  figures  at  a 
later  period.  We  all  have  examples  of  that  in  the  manage- 
ment of  railroad  properties  in  the  last  year.  Then,  again,  the 
filling  of  many  vacant  numbers  during  one  year  will  cause  a 
bulge  in  expense  of  repairs  (if  charged  to  this  account)  which 
naturally  would  have  been  distributed  over  a  longer  period. 

In  addition  to  all  this  there  are  physical  characteristics  of 
the  road  to  be  considered,  the  methods  of  operation  and  the 
character  of  the  motive  power.  The  expense  of  repairs  per 
engine  mile  for  an  eight-wheeled  locomotive  is  almost  invari- 
ably less  than  for  ten-wheeled  mogul  or  consolidation  engines, 
and  the  road  which  has  a  plentiful  sprinkling  of  the  latter  in 
its  equipment  is  certain,  all  other  things  being  equal,  to  show 
a  higher  cost  of  repairs  per  'engine  mile  ;  if  the  records  were 
made  up  on  the  ton-mile  basis  the  result  might  be  quite  differ- 
ent. The  character  of  fuel  and  water  also  has  a  marked  effect 
on  the  cost  of  repairs,  and  the  effect  of  heavy  grades  and  curves 
are  too  well  known  to  require  comment.  The  speed  of  trains 
has  a  greater  influence  on  the  cost  of  maintenance  than  is  gen- 
erally supposed.  Your  committee  might  cite  many  cases  to 
show  the  expense  of  high  speeds,  but  probably  a  case  that  re- 
cently came  under  its  notice  will  suffice.  The  time  of  a  train 
scheduled  to  make  100  miles  in  44  hours,  with  6  cars  and  27 
stops,  was  reduced  to  4  hours,  and  immediately  the  fuel  bill 
for  that  train  was  increased  $100  per  month  with  the  same  en- 
gine and  men  ;  and  when  the  running  time  was  changed  back 
to  4^  hours  the  fuel  record  at  once  dropped  to  its  old  figures. 
On  the  same  road  it  is  found  that  the  eight-wheeled  engines  in 
fast  passenger  service  cost  more  for  repairs  than  ten-wheeled 
engines  in  ordinary  freight  service,  and  no  amount  of  care  wiil 
bring  the  expense  of  the  fast  eight-wheeled  engines  below  the 
slower  ten-wheeled.  The  average  cost  of  repairs  is  also  great- 
est on  those  divisions  whose  train  speeds  average  the  highest. 

From  a  consideration  of  all  these  facts  it  is  evident  that  no  in- 
telligent and  exact  comparison  of  performance  sheets  is  possi- 
ble without  an  intim  ite  knowledge  of  all  the  circumstances 
and  conditions  existing  during  the  period  covered  by  the  state- 
ments, and  the  difficulties  in  the  way  of  any  work  of  this  com- 
mittee, based  on  performance  sheets,  is  made  apparent. 

A  special  feature  of  the  subject  assigned  to  us,  and  the  one 
to  which  we  understand  we  are  to  devote  our  attention  chiefly, 
is  the  comparison  of  the  cost  of  maintenance  of  locomotives 
built  in  contract  shops  with  those  built  in  railroad  shops.  In 
the  circulars  your  committee  issued,  members  were  asked  for 
their  opinions  and  also  for  figures  bearing  on  this  point.  We 
received  in  reply  many  opinions  and  few  figures.  Some  of  the 
members  had  no  experience  with  contract  and  railroad-built 
engines  under  conditions  suitable  for  comparison,  but  were  of 
the  opinion  that  the  engines  turned  out  of  the  railroad  shops 
were  less  expensive  to  maintain  ;  a  few  could  find  no  differ- 
ence, while  the  majority  had  found  by  data  collected  some  time 
in  their  experience  that  the  railroad-built  engines  were  cheaper 
to  maintain,  the  difference  in  their  favor  evidently  varying 
from  a  trivial  amount  to  figures  of  considerable  magnitude. 
But  no  opinions  or  figures  were  received  which  would  show 
that  in  a  single  case  contract-built  engines  had  proved  less  ex- 
pensive to  maintain  than  those  built  in  railroad  shops.  Few 
of  the  members  furnished  actual  figures,  however,  and  your 
committee  have  not  been  able  to  get  much  exact  data,  because 
of  the  great  amount  of  labor  that  is  entailed  in  going  back  over 
old  records  and  sifting  out  the  desired  figures,  and  for  the  further 
reason  that  in  some  cases  there  are  objections  to  making  the 
figures  public. 

Actual  figures  have  been  furnished  only  by  members  of  the 
committee  itself.  Mr.  Barr  contributes  the  following  :  "  I 
give  you  herewith  the  average  cost  of  repairs  for  the  first  fif- 
teen months  of  eight  of  our  Class  B  eight-wheeled  engines, 
built  in  .a  contract  shop,  and  six  of  the  same  class  of  engines 
put  in  service  at  the  same  time  and  built  in  our  shops.  The 
average  cost  of  repairs  for  the  eight  contract-built  engines  was 

2.028  cents,  and  the  average  cost  of  repairs  for  the  six  engines 
of  the  same  class  built  in  our  own  shops  was  1.155  cents.  The 
only  other  comparison  we  can  make  between  engines  on  equal 
fooling  is  the  case  of  one  of  our  Class  C  engines,  which  is  a 
si*  wheeled  switcher  that  has  been  in  service  two  and  one-half 
years.     The  average  cost  of  repairs  during  that  time  has  been 

2.29  cents  ;  nine  contract  engines  of  the  same  class  bought  at 
that  time  have  cost  on  the  average  3.45  cents.  I  have  no  hesi- 
tation in  saying  that  the  cost  of  repairs  for  the  first  three  years 
of  engines  built  in  our  own  shops  is  much  less  than  for  en- 
gines built  in  contract  shops." 


It  may  lie  profitable,  in  connection  with  this  subject,  to1 
turn  attention  to  some  of  the  means  by  which  the  cost  of 
repairs  may  be  reduced.  There  are  many  shop  practices  and 
methods  of  conducting  the  business  of  the  mechanical  depart- 
ment which  have  their  effect  upon  the  cost  of  repairing  loco- 
motives, and  to  which  reference  can  appropriately  be  made  in 
this  report.  The  importance  of  centralizing  the  work  of 
heavy  repairs  in  one  or  more  large  shops  on  the  system,  well 
equipped  for  doing  such  work  economically,  should  not  be 
lost  sight  of.  Heavy  repairs  conducted  in  small  and  imper- 
fectly equipped  shops  not  only  cost  more  than  at  the  main 
shops,  but  require  more  time  and  keep  the  engine  out  of  ser- 
vice for  a  longer  period  than  is  necessary.  This  is  a  serious 
matter  when  there  is  sufficient  business  to  keep  all  the  motive 
power  moving.  The  only  circumstances  under  which  repairs 
made  at  small  shops  would  be  cheaper  than  at  the  main 
shops  would  be  when  there  was  a  large  difference  in  the  rate 
of  wages  in  favor  of  the  small  shop.  Certain  work,  however, 
can  be  done  economically  and  quickly  in  the  small  shop,  when 
the  latter  is  supplied  from  the  main  shops  with  those  finished 
parts  for  which  it  has  no  facilities. 

As  to  whether  a  road  should  have  more  than  one  large  plant 
will  depend  wholly  upon  local  conditions,  and  your  committee 
does  not  propose  that  one  plant  of  mammoth  proportions 
should  necessarily  do  the  repair  work  for  a  large  system.  But, 
unless  unusual  conditions  exist,  a  second  plant  for  heavy  re- 
pairs should  not  be  considered  until  the  first  has  become  large 
enough  to  warrant  the  installation  within  it  of  first-class  tools, 
and  every  convenience  by  which  the  cost  of  the  work  will  be 
reduced.  This  having  been  achieved,  and  a  greater  output 
being  desired,  it  is  a  question,  depending  for  answer  upon  local 
conditions,  whether  the  increased  capacity  be  obtained  by  en- 
larging the  plant  or  building  a  second  one,  with  the  expectation 
that  in  a  short  time  it  will  also  be  large  enough  to  warTant  the 
installation  of  a  large  amount  of  labor-saving  machinery. 

In  conducting  repair  work  two  important  considerations 
should  always  be  kept  in  mind — the  actual  cost  of  the  repairs, 
and  the  time  the  engine  is  kept  out  of  service  in  making  them. 
Not  many  years  ago  comparatively  little  was  done  toward  the 
work  of  repairing  an  engine  before  it  entered  the  shops.  Now, 
the  time  the  engine  is  idle  is  greatly  reduced  by  keeping  on 
hand,  in  a  partly  or  wholly  finished  condition,  many  such  parts 
as  are  liable  to  be  needed.  Numbers  of  these  parts  are  standard 
for  all  locomotives  on  the  road,  and  are  made  without  any  ref- 
erence to  which  engine  they  will  finally  be  used  on  ;  others  are 
more  special  in  character,  and  may  be  made  for  a  certain  class 
of  engines  or  even  for  individual  locomotives.  Undoubtedly 
the  perfection  of  this  policy  will  effect  still  further  economies, 
for  not  only  is  the  repair  work  facilitated  when  the  engine 
comes  in,  but  the  parts  made  in  advance  of  the  time  are  turned 
out  at  a  reduced  cost  because  the  labor  on  them  is  performed 
at  such  times  as  it  can  be  done  cheapest  and  most  conveniently. 

One  great  source  of  expense  is  the  repairs  which  are  almost 
invariably  made,  whether  actually  required  or  not,  when  an 
engine  comes  in  the  shop  to  have  its  tires  turned.  When  the 
wheels  are  removed  it  seems  almost  impossible  to  prevent  the 
expenditure  of  labor  upon  parts  whose  condition  gave  the  mas- 
ter mechanic  no  concern,  and  on  account  of  which  the  engine 
certainly  would  not  have  been  brought,  into  the  shops.  Of 
course,  if  such  refitting  is  done  after  careful  inspection  and 
with  the  conviction  that  the  engine  can  be  kept  out  longer  be- 
fore undergoing  a  thorough  overhauling,  the  expense  may  be 
justified  ;  but  your  committee  is  convinced  that  in  many  cases 
the  expense  is  incurred  simply  because  good  mechanics  cannot 
resist  the  temptation  to  make  such  parts  "  just  right"  before 
they  leave  them. 

To  avoid  this  expense,  and  at  the  same  time  reduce  the  num- 
ber of  hours  an  engine  must  stay  out  of  service  to  have  its  tires 
turned,  a  number  of  roads  are  keeping  turned  tires  on  hand 
for  each  class  of  engines,  and  when  an  engine  a  'mes  in,  its 
tires  are  taken  off  the  wheel  centers  without  removing  the 
wheels  from  under  the  eneine.  and  the  newly  turned  ones 
shrunk  on  in  their  places.  The  engine  is  then  ready  for  ser- 
vice in  not  more  than  ten  hours  from  the  time  it  entered  the 
shop,  and  the  cast-off  tices  are  turned  at  the  convenience  of  the 
shop  and  held  for  the  next  engine  of  that  class  which  may 
come  in  for  tire  turning.  This  plan  interferes  somewhat  with 
tire  records,  but  is  most  excellent,  nevertheless. 

Some  railroads  are  carrying  out  this  policy  of  having  new 
parts  all  ready  for  an  engine  that  comes  in  for  heavy  repairs, 
even  to  the  extent  of  naving  a  boiler  entirely  ready  instead  of 
waiting  to  repair  the  original  one.  Having  one  extra  boiler 
for  a  certain  class  of  engines,  many  of  which  are  approaching 
the  time  when  extensive  boiler  repairs  will  be  necessary,  the 
old  one  is  removed,  the  extra  boiler  substituted,  and  the  former 
repaired  at  leisure,  to  be  put  into  the  next  engine  of  the  same 
class  requiring  heavy  repairs. 
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It  is  not  the  purpose  of  your  committee  to  argue  that  this 
method  of  procedure  can  lie  carried  on  indefinitely  ;  but  if  it 
is  the  settled  policy  of  the  mechanical  department  to  forestall 
the  day  of  heavy  repairs  hy  doing  beforehand  such  work  as 
can  be  performed  with  certainty  and  profit,  it  will  result  in 
keeping  the  sliops  more  uniformly  employed,  and  in  reducing 
the  cost  of  heavy  repairs.  A  limit  to  this  method  of  working 
is  reached  when  the  interest  on  the  capital  locked  up  in  repair 
parts  awaiting  use  becomes  so  great  as  to  counteract  tin  sav 
ing  effected,  but  this  will  never  occur  when  the  repair  work  i9 
judiciously  managed. 

The  standards  adopted  by  a  railroad,  unless  their  introduc- 
tion is  carefully  watched,  may  incidentally  increase  the  cost 
of  repairs.  Standards  are  desirable,  but  their  purpose  is  to  re- 
duce expenses  and  not  increase  them.  Those  making  repairs 
should  be  instructed  not  to  substitute  new  standard  parts 
when  it  is  possible  to  refit  or  repair  to  advantage  the  old  parts, 
eveu  if  they  are  no  longer  standard,  true  economy  in  repairs 
being  the  ruling  idea  lather  than  the  pushing  of  certain  stand- 
ards. Unless  this  is  done,  much  money  will  be  wasted  by  the 
substitution  of  new  "  standard"  parts  for  worn  parts  that  are 
still  suitable  for  service.  This  matter  should  be  followed 
closely,  as  even  when  the  orders  concerning  the  introduction 
of  standards  are  beyond  criticism,  the  shop  in  acting  upon 
them  is  liable  to  get  into  expensive  ways. 

Jour  committee  is  also  impressed  with  the  fact  that  the  run- 
ning repairs  are  frequently  not  conducted  economically  lie- 
cause  of  the  absence  of  facilities  at  small  outlying  points,  and 
the  lack  of  care  in  keeping  such  places  stocked  with  the  sup- 
plies and  stores  they  require,  and  only  those.  Thousands  of 
dollars  are  locked  up  in  supplies  at  these  and  larger  points  that 
have  gradually  accumulated  and  for  which  there  is  seldom  any 
demand.  The  stock  at  each  place  should  be  kept  as  low  as 
possible,  and  yet  it  should  be  of  such  a  character  as  will  fully 
meet  the  demands  at  that  point.  The  endeavor  should  be,  in 
the  main,  to  avoid  making  at  these  small  places  anything  which 
can  be  manufactured  at  the  large  shops  and  shipped  to  them 
to  be  kept  in  stock. 

The  committee  in  its  circular  asks  members  to  state  whether 
they  considered  their  round-houses  properly  equipped  for  run- 
ning repairs,  and  few  of  those  answering  were  able  to  say  that 
theirs  were.  It  is  a  matter  of  regret  that  managements  do  not 
realize  more  fully  the  economy  of  proper  expenditures  on  small 
tools  for  these  points.  From  the  answers  of  members  it  ap- 
pears to  be  the  consensus  of  opinion  that  the  tools  required  for 
running  repairs  at  outlying  points  where  the  number  of  loco- 
motives cared  for  is  about  twenty-five,  are  as  follows:  One 
boiler  and  engine,  one  lathe,  one  planer,  one  drill  press,  one 
bolt  cutter,  one  blacksmith's  forge,  one  grindstone,  one  com- 
plete set  of  hand  tools. 

This  list  is  subject  to  some  modification  according  to  whether 
the  number  of  locomotives  is  greater  or  less  than  noted  above, 
and  to  meet  local  conditions.  But  the  needs  of  small  points  on 
the  road  should  be  carefully  studied  and  ample  facilities  and 
suitable  supplies  provided  for  them.  It  will  pay  in  the  re- 
duced cost  of  such  repairs  as  are  actually  made,  and  will  make 
it  more  certain  that  the  stitch  which  saves  nine  will  be  taken 
in  time. 

The  Committee  on  Tire  Treatment  was  appointed  to  ieport 
with  recommendations  diameters  for  wheel  centers  greater  than 
66  in.  From  the  answers  received  to  the  question  regarding 
the  shrinkage  to  be  allowed  per  foot  of  diameter  for  each  size 
of  wheel  larger  than  56  in.,  it  is  found  that  a  majority  of  the 
members  are  using  either  the  Master  Mechanics'  standard,  ,\, 
or  ,,',„  in.  per  foot  in  diameter  of  center  for  shrinkage,  and 
would  recommend  that  these  allowances  be  followed  on  the 
larger  centers,  when  future  experience  will  demonstrate  the 
proper  shrinkage  to  use,  and  the  Association  will  be  in  a  posi- 
tion to  recommend  the  correct  amount  of  shrinkage  for  all 
diameters. 

In  the  opinion  of  the  committee,  the  letaining  ring  is  only 
put  on  as  a  means  of  safety,  to  prevent  accidents  from  loose  or 
broken  tires  ;  consequently  we  do  not  consider  it  advisable  to 
recommend  that  tires  could  be  run  thinner  with  a  retaining  ring 
than  without. 

Your  committee  would  recommend  the  same  shrinkage  as 
used  for  each  size  of  wheel  center  without  retaining  rings,  for 
the  reason  that  if  retaining  rings  are  used  they  have  been  ap- 
plied to  give  increased  safety. 

Concerning  the  thickness  that  tires  should  be  considered 
safe  at  last  turning,  your  committee  find  the  lecommendations 
vary  from  1+.  in.  to  1J  in.  for  passenger  service,  from  If  in.  to 
1;  in.  for  freight  service,  and  from  1  in.  to  lj  in.  for  switching 
service.  After  a  careful  consideration  of  this  subject  we  would 
recommend  the  limit  on  passenger  tire  be  placed  at  1J  in.  for 
last  turning,  and  the  limit  on  freight  anil  switching  tires  be 
placed  at  li  in.  for  last  turning.     The  weight  on  drivers  not 


to  be  considered,  and  no  distinction  made  between  engines 
equipped  with  driver  brake  and  those  that  are  not. 

Your  committee  believe  the  wear  on  tires  should  not  exceed 
}  in.  in  depth  before  turning  on  road  engines  and  §  in.  in  depth 
for  switch  engines.  We  believe  the  conditions  of  traffic  on 
railroads  govern,  in  a  great  measure,  the  depth  tires  are  worn  ; 
for  instance,  if  power  is  badly  needed,  engines  are  often 
run  when  the  tire  should  be  turned.  While  we  recommend 
and  believe  the  above  limits  are  good  practice,  we  do  not  be- 
lieve an  arbitrary  rule  could  be  carried  out  at  all  times,  as  the 
business  on  a  road  regulates  the  nurnber  of  engines  that  can 
be  spared  from  service  for  tire  turning.  We  believe  if  above 
practice  were  carried  out,  it  would  be  equally  advantageous  to 
the  engine  and  the  track. 

The  last  report  presented  was  that  of  the  Committee  on  Con- 
ducting Locomotive  Tests.  As  Ibis  committee  worked  in  con- 
nection with  a  similar  committee  appointed  by  the  American 
Society  of  Mechanical  Engineers  and  the  report  presented  is  a 
reprint  of  the  one  read  before  the  latter  society  at  its  meeting 
in  Chicago  last  summer,  which  Has  already  been  published  in 
its  Proceedings,  it  is  unnecessary  to  give  a  resume  of  it  here. 

At  the  session  on  Wednesday,  June  20,  the  following  officers 
were  elected  for  the  ensuing  year  :  President,  William  Gar- 
stang,  S.M.P.,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railroad,  Indianapolis,  Ind.  ;  First  Vice-President,  H.  C.  Black- 
all,  S.M.P. ,  Delaware  &  Hudson  Canal  Company,  Albany, 
N.  Y.  ;  Second  Vice  President,  It.  II.  Soule,  S.M.P.,  Nor- 
folk &  Western  Railroad,  Roanoke,  Va.  ;  Secretary,  Angus 
Sinclair,  256  Broadway,  New  York  ;  Treasurer,  0.  Stewart. 
Cambridge,  Mass. 


STANDARD  MOGUL  PASSENGER  ENGINE,  DEL 
AWARE  &  HUDSON  CANAL  COMPANY. 


In  our  last  issue  we  published  a  description  of  a  standard 
freight  mogul  engine,  as  built  by  the  Delaware  &  Hudson 
Canal  Company  at  the  Oneonta  shops,  under  the  direction  of 
Mr.  R.  C.  Blackall,  Superintendent  of  Machinery.  We  now 
publish  similar  illustrations  of  an  engine  designed  and  used  in 
passenger  service,  which  is  giving  equally  good  results.  The 
cylinders  are  of  the  same  size — namely,  18  in.  X  24  in.— as 
those  used  in  the  freight  engine,  but  it  will  be  seen  from  a 
comparison  of  the  outline  sketches  that  the  weights  and  sizes 
of  the  passenger  engine  are  considerably  greatei  than  those  of 
the  freight.  For  example,  the  length  of  the  tender  is  18  ft. 
7  in.  instead  of  17  ft.  3+  in.;  the  weight  of  the  same  has  risen 
from  62,900  lbs.  to  75,300  lbs  ;  the  diameter  of  the  boiler  is 
55i  in.  instead  of  50  in.,  and  contains  235  flues  11  ft.  11  in. 
long,  instead  of  204  Hues  11  ft.  74,  in.  long  ;  the  diameter  of 
the  drivers  is  63  in.  instead  of  57*  in.,  and  the  weight  on  the 
same  is  109,800  lbs.  instead  of  86,930  lbs.,  with  practically  the 
same  weight  on  the  truck — namely,  13,225,  as  against  13,070 
lbs. 

Making  a  similar  comparison  in  the  valve  motion,  we  find 
that  the  steam-port  is  li  in.  X  174  in.  instead  of  If  in.  X  16 
in.,  with  an  exhaust  of  3  in.  X  17*  in.  instead  of  2A.  in.  X  16 
in.     The  inside  laps  of  both  valves  are  line  in  line. 

The  work  of  these  engines,  if  carefully  watched,  will  go 
very  far  to  remove  the  prejudices  which  have  always  existed 
against  the  utilization  of  mogul  engines  for  passenger  traffic. 
Men  seem  to  be  afraid  of  the  pony  truck  at  high  speed,  and 
yet  we  know  of  no  instance  of  derailment  that  was  due  to  the 
use  of  the  pony  truck.  The  following  are  the  principal  dimen- 
sions of  the  engine  : 

Kind  of  fuel  used Anthracite. 

'road 4'    8^' 

Total  weight  of  locomotive  in  working  order 123,(125  lbs. 

on  drivers 1O9.K00  " 

"     wheel  base 22'    1" 

Distance  between  front  and  back  drivers 14' 

from  center  main  driver  to  center  cylinder 58" 

Length  of  fire-bos 126* 

Width  "      " a 

Depth     "        •'        (front)  .V    8" 

(backi   4'    IK' 

Water  space,  side  of  fire-box :%■ 

back  •'       "        VA' 

"        front"        "         314- 

Material  <>t  ontside  of  shell Otis  sfeel. 

Thickneee  of  plates  outside  of  shell A" 

il  of  inside  of  fire-box Otis  steel. 

Thickneee  of  plates  inside  of  fire-box W 

back  end ,y 

"  "crown  plate H' 

Material  of  tube  plates Otle  etcel. 

Thickness  of  front  tube  plates %' 

"  "  back      '■        •'      A" 

Mow  crown  plate  is  staved Riveted  to  bare. 

Diameter  of  dome 27^' 

Height  of  dome  25 

Maximum  working  pressure  per  sq.  in  150  lbs. 

Kind  of  grate Water  grate. 
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Width  ofbars  - 

'•      between  bar* 1* 

Grate  surface 36.,DS0,.ft. 

Heating  surface  in  fire-box 172.5     " 

inside  tubes ..1,383 

Total  beating  surface 1.455 

Single  or  double  blast  nozzle Double. 


Greatest  travel  of  slide  valve 5$£* 

Inside  lap  of  slide  valve Line  and  line. 

Lead  of  valve,  full  stroke  (front  > tV 

'back)  ft- 

Throw  of  upper  end  of  reverse  lever  from  full  front  to 

back 57" 

Sectional  area  of  steam  pipe  to  cylinder 27%  so.,  iu. 


n 


STANDARD   MOGUL   PAS8ENG3B   ENGINE.    DELAWARE   &   HUDSON   CANAL  COMPANY 


Diameter  of  blast  nozzle ..        '2%' 

Smallest  inside  diameter  of  chimney 16V 

Height  from  top  of  rail  to  top  of  chimney 14'    4U' 

■•    '•  center  of  boiler 7'    6' 

Weight  of  tender  empty     ....  44.300  lbs. 

Number  of  wheel*  under  tender 8 

Diameter  of  tender-whee'.? 32' 

•  '  tender-journals 3^ 

Distance  from  center  of  main  driver  to  center  back  driver  7 

Length  main-rod,  center  to  center  of  bearings  1 

Transverse  distance  center  to  center  of  cylinders 6'    10"^' 

Diameter  of  cylinder  and  stroke  of  piston  . .  —  18'  X  2i 

Horizontal  thickness  of  piston  and  follower  plate 5* 

Kind  of  piston  packing Cast-iron. 

Diameter  of  piston-rod 3  V 

Size  of  ntearn  port 1J^'   ■   I7M 

-      *  exhaust  port 3'  X  1~H* 


Diameter  of  driving-wheels  outside  tire?  63* 

■"  front  truck-wheels 33* 

Size  main  axle  journal,  diameter  and  length 

■'    other  driving  axles  8* 

Diameter  of  truck  axle  journals  and  length .  .5J4'  x  10" 

Size  main  crank-pin  journals  5*   ■    V 

"   conpling-rod  journals  (main)    5U,'  dia.  X  4* 

(front  and  back .  4"  dia.   •  3U' 

Length  of  driving  springe,  center  to  center  of  hangers      .  85" 

Straight  or  wa_n  Wagon  top. 

Material  of  barrel  of  boiler Otia  steel 

Thickness  of  plates  in  barrel  of  boiler A* 

Kind  of  horizontal  .earns *S 

r       .■  i       _  »  DonWe-t 

'  circumferential  seams -j     ylJt 

Material  of  lubes Iron. 
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Number  of  tubes •£•!."> 

Diameter  of  tubes  outside '. '■!' 

Distance  between  center  of  lubes 

Length  of  tubes  over  plate II'    II" 

Total  wheel-base  of  tender 14'     '■  '•• 

Distance  from  center  to  center  of  truck  wheels i'".. 

Water  capacity  of  tank  in  gallons  of  281  en.  in 8,800. 

Coal  capacity  of  tender 5  5  tons 

Total  wheel-base  of  engine  and  tender ...47'    10' 

length  of  engine  and  tender  over  all .r>7'    6 

"        "        "     '•  including  draw 
castings 59' 


WOOD'S  WATER  TUBE  BOILER 


Apropos  of  the  recent  discussion  by  the  members  of  the 
American  Society  of  Mechanical  Engineers,  in  New  York,  a 
comparatively  new  type  of  water-tube  boiler  will  be  interest- 
ing. This  boiler  is  illustrated  in  the  accompanying  engraving, 
and  is  known  as  the  Wood's  boiler,  and  is  controlled  and  built 
by  Wickes  Brothers,  of  East  Saginaw,  Mich.,  for  the  States  of 
Michigan.  Wisconsin,  Minnesota,  Indiana,  and  Illinois. 

The  boiler  is  shown  in  the  setting,  known  in  the  saw-mill 
country  as  a  Dutch  oven,  which  is  arranged  for  burning  the 
refuse  from  the  saw-mill  using  band  saws.  The  sawdust  from 
these  saws  is  very  fine,  and  when  Homing  from  certain  kinds 
of  timber,  such  as  hemlock  and  hard  woods,  it  is  very  difficult 
to  burn,  and  mills  using  tubular  boilers  set  in  the  ordinary 
manner  have  great  difficulty  in  making  steam  with  the  refuse 
or  sawdust  from  the  mill.     It  is  necessary  to  take  the  slabs 


amount  of  water  carried  in  the  cylinders  at  the  ends  of  the 
lubes.  Very  dry  steam  is  also  obtained  from  the  boiler  on  ac- 
count  of  the  large  capacity  of  the  dome  ami  the  large  liberat- 
ing surface  of  water.  A  number  of  evaporative  tests  show 
thai  they  compare  very  favorably  with  other  well-known 
water  tulic  boilers  of  similar  type. 


NOTES  AND  NEWS. 


Cramps  and  British  Warships.— Considerable  interest  is 
being  manifested  by  the  fact,  that  the  Cramps  are  bidding  for 
tin'  construction  of  British  warships,  and  whether  they  get 
the  contract  or  not  is  significant  that  American  builders  are 
now  entering  the  field  in  competition  wilh  British  builders  on 
their  own  grounds. 

Fire  Proof  Insulation. — A  German  electrical  paper  gives 
the  following  recipe  for  painting  electrical  wires,  making  a 
fire-proof  insulation.  The  proportions  by  weight  are  about  as 
follows  :  Forty  magnesia,  28  tallow.  15  pulverized  asbestos, 
30  liquid  glue,  15  glycerine,  and  one-quarter  chromate  of  soda 
or  potassium  ;  to  this  may  he  added  an  additional  one-quarter 
of  lampblack  if  it  is  desired  to  make  it  black. 

The  "Monteroy's"  Plate  to  be  Drilled.— Owing  to  the 
alleged  frauds  which  have  taken  place  in  armor  Jplates  deliv- 


WOOD'S   WATERTUBE  BOILER.   MADE   BY   WICKES   BROTHERS,   EA8T   8AG1HAW,    MICH 


which  come  from  the  logs,  pile  them  in  the  yard  until  they 
dry,  and  then  bjiul  them  back  to  the  boilers  to  be  used  for  the 
purpose  of  he. ping  to  burn  the  sawdust.  With  this  setting. 
as  shown,  the  mill  is  operated  by  the  sawdust  refuse  from  the 
mill  alone,  no  slabs  being  used. 

The  construction  of  the  fire-box  will  be  very  readily  seen 
from  an  examination  of  the  drawing,  and  it  consists  practi 
rally  of  a  brick  oven,  having  a  fire-brick  lining  with  no  cool- 
ing surfaces  whatever.  The  temperature  of  this  oven  is  bo  high 
that  the  gases  distilled  from  the  damp  and  green  fuel  are 
quickly  Ignited  and  burn,  and  this  temperature  is  also  so  high 
that  there  Is  no  smouldering  ami  bedding  down  of  the  fuel. 
Alter  leaving  the  Bre-box  proper,  the  Lrases  pass  over  a  bridge 
wall  ami  back  i"  the  back  end  of  t lie  water-tubes,  passing  up 
around  them,  and  thence  to  the  front  and  then  back  beneath 
the  steam  and  water  drum  to  the  stack.  This  course  is  readily 
traced  from  the  engraving.  'The  combustion  chamber  back 
of  the  brick  wall  is  of  V-shape,  as  shown  in  the  righl  hand 
cross-section,  so  that  all  accumulations,  ash,  and  soot  arc  very 
n.idily  removed  and  spaces  kept  clean. 

The  boiler  consists  of  a  nest  of  water-tubes  expanded  into 
cylinders  with  dished  heads,  and  connected  at  either  end  with 
waterless  extending  up  to  a  drum  50  in.  in  diameter,  which 
is  partially  filled  with  water,  the  steam  space  being  at  the  top. 

The  circulation  is  very  rapid  in  the  tubes,  so  that  little  scale 
s  allowed  to  form,  and  this  is  materially  assisted  by  the  large 


red  by  the  Carnegies,  it  is  now  reported  that  the  armor  plates 
ot  the  monitor  Monteroy  arc  to  be  drilled  with  a  view  to  mak- 
ing an  examination  for  defects.  They  are  now  being  exam- 
ined and  photographed.  There  are  to  be  in  all  28  photographs 
of  plates  :  these  will  be  numbered  and  the  location  of  the 
alleged  faulty  plates  marked  on  them. 

Experimental  Naval  Tanks.— In  a  recent  annual  report  of 
tin  Chief  of  Construction  it  was  recommended  that  an  experi- 
mental lank  be  added  to  the  equipment  of  the  naval  service. 
These  tanks  are  used  for  towing  the  model  of  a  proposed  ship. 
and  consist  of  a  long,  narrow  basin.  The  tank  recommended 
will  be.  if  made,  from  300  to  500  ft  long,  about  211  ft.  wide, 
and  !>  or  10  ft.  deep,  having  a  runway  over  the  centre,  from 
which  the  model  can  lie  towed  at  any  desired  speed. 

The  "Minneapolis." — The  preliminary  builders'  trial  of 
the  United  states  cruiser  Minneapolis  was  made  early  in  June 
with  results  that  were  most  gratifying.  The  fuel  used  was 
anthracite  coal,  which  served  to  handicap  the  vessel  to  some 
extent,  hut  in  spite  of  this  the  reports  of  the  trial  show,  by 
the  patent  logs,  that  a  speed  of  21.75  knots  had  been  made. 
The  maximum  number  of  revolutions  of  the  shafts  was  138 
per  minute  with  160  lbs.  of  steam  per  square  inch.  It  is  ex- 
pected that  the  official  trial  will  take  place  at  some  time  be- 
fore the  loth  of  this  month. 
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Mahogany  Pavements  In  Paris.— One  of  the  London  papers 
reports  lhat  mahogany  streets  are  beins  laid  down  on  a  por- 
tion of  the  Rue  Lafayette,  in  Paris.  The  blocks  used  are  of 
real  Brazilian  mahogany  of  peculiar  fine  texture  and  color. 
It  is  an  experiment,  as  the  wood  is  much  more  expensive  than 
that  ordinarily  used  for  the  same  purpose.  The  actual  cost  of 
the  new  road'will  be  50  francs,  or  about  $10  per  square  yard. 
It  is  hoped  that  the  extra  outlay  will  be  more  than  compen- 
sated for  by  the  greater  durability. 

Drainage  Canal  for  the  City  of  Mexico.— The  City  of 
Mexico,  it  is  now  hoped,  will  be  as  healthful  for  the  future  as 
it  is  beautiful  in  location.  The  30-mile  canal  with  the  addi- 
tional 7  mile  tunnel  driven  through  the  western  mountain 
range,  by  which  a  proper  sewerage  for  the  city  is  at  last  to  be 
gained,  and  danger  of  inundations  removed,  was  formally 
opened  last  month.  President  Diaz,  in  the  presence  of  the 
Cabinet  and  manv  distinguished  men,  finished  the  opening 
with  a  silver  pick.  Then  there  were  informal  exercises  of 
rejoicing. 

Restoration  of  Purdue  Laboratory.-  The  restoration  of 
the  Purdue  Laboratory  at  Lafayette,  Ind.,  recently  destroyed 
bv  tire,  is  being  pushed  forward  rapidly.  The  locomotive 
cxta/iy  has  been  returned  to  the  university  from  the  Pan 
Handle  shops  at  Indianapolis,  where  it  was  put  in  thorough 
repair.  The  engine  was  backed  in  over  the  new  track  into 
the  Annex  laboratory,  and  directly  upon  the  carrying  wheels 
of  the  testing  apparatus,  all  under  its  own  steam.  This  indi- 
cates the  ease  with  which  the  new  Annex  laboratory  may  re- 
ceive any  locomotive  for  testing. 

French  Railways— A  Paris  correspondent  of  the  London 
Timet  gives  an  account  of  the  French  Railway  system.  It 
appears  that  M.  De  Freycinet  induced  the  government  in  1883 
to  guarantee  to  the  great  railways  their  average  dividend  on 
condition  that  they  would  construct  an  immense  network  of 
small  railways,  their  outlay  on  which  was  also  guaranteed. 
The  work  has  been  executed  and  has  been  of  great  benefit  to 
France,  but  the  treasury  and  the  tax  payer  are  suffering. 
There  is  an  annual  deficit  on  the  general  railway  account  that 
has  risen  to  $23,200,000  this  year,  and  next  year  will  be 
$27,000,000.  The  railways  have  therefore  become  a  source 
of  perplexity  to  French  ministers  of  finance. 

Electricity  in  Lighthouses.— It  has  been  decided  by  the 
Lighthouse  Board  that  electricity  shall  be  installed  as  the  illu- 
miuant  at  the  Fire  Island  Lighthouse.  An  appropriation  of 
$15,000  has  been  allowed  for  the  purpose.  The  great  lens 
constructed  by  Lepante,  of  Patis,  and  recently  exhibited  at 
the  Chieaeo  Fair,  will  be  used  with  the  electrical  arc  installa- 
tion. This  lens  was  purchased  by  the  Treasury  Department 
for  $10,000.  Fire  Island  will  thus  "be  the  first  lighthouse  in  the 
United  States  illuminated  by  electricity,  with  the  exception 
of  the  small  beacon  on  the  north  point  of  Sandy  Hook.  Elec- 
tricity has.  however,  been  used  for  some  time  in  lighting 
buoys  in  Gedney  Channel. 

Boring  8,000  Ft.  through  Rock.— The  deepest  borehole  of 
the  earth  is  the  one  at  Poroschowitz,  in  the  Rybnik  District, 
L'pper  Silesia.  It  has  been  carried  to  a  depth  of  something 
beyond  2,000  meters  (about  67,000  ft.),  and  the  diameter  of 
the  tube  at  the  bottom  is  7  centimeters.  Boring  to  such  a 
depth,  and,  moreover,  through  solid  rock,  was  almost  impos- 
sible prior  to  the  invention  of  the  Mannesmann  tube.  The 
greater  strength  of  this  tube,  as  compared  with  others,  makes 
it  possible  to  use  tubes  of  thinner  gauge.  It  is  expected  that 
a  final  depth  of  yet  another  300  meters  some  1,670  ft. )  can  be 
reached,  and  a  number  of  interesting  observations  on  tempera- 
ture, etc.,  will  be  made. — Engineering. 

New  Smokeless  Powder. — A  new  smokeless  powder,  dis- 
covered by  Mr.  Leonard,  a  Yiriiuian,  is  being  experimented 
with  by  the  authorities  of  the  Naval  Ordnance  Bureau.  In  a 
test  made  with  it  a  33-lb.  projectile  was  used  with  graduating 
charges.  With  a  charge  of  7  lbs.  a  velocity  of  2.054  ft.  per 
second  and  a  pressure  of  8  tons  at  the  muzzle  was  secured  ; 
while  with  9  lbs.  a  velocity  of  3,300  ft.  and  a  pressure  of 
11  tons  resulted  :  11  lbs.  of  powder  L'ave  a  velocity  of  2,537  ft. 
and  a  pressure  of  14  tons  ;  and  the  highest  charge  used— that 
is.  12  lbs.—  irave  a  velocity  of  3,736  ft.,  witli  a  pressure  of 
17  B  tons.  The  powder  is  manufactured  in  solid  sticks  "21  in. 
in  length  by  i  in.  in  diameter.  Recommendation  has  been 
made  by  Captain  Sampson  for  the  appropriation  of  (50,000  to 
be  used  for  further  trial  of  the  powder.  The  Army  has  re- 
cently purchased  5,000  lbs.  for  the  new  small-service  arm,  and 
it  is  said  it  will  be  adopted  in  service. 

Damage  to  the  "  Resolution."— The   Lond 
that  the  repairs  to  the  /.'  recently  caught 


in  a  hurricane  in  the  Bay  of  Biscay,  will  cost  $15,000.  At  the 
time  of  the  gale  the  mess-room  and  cabin  of  the  ship  were 
knee-deep  with  water.  The  Resolution  labored  and  strained 
heavily,  and  it  was  feared  she  would  capsize.  Her  doors 
were  smashed  and  rivets  loosened  ;  then  the  vessel  began  to 
leak  badly.  Several  of  the  crew  were  injured.  It  is  claimed 
that  the  inclination  of  the  decks  reached  35'. 

Test  of  Rapid  fire  Guns  at  Sandy  Hook. — The  following 
is  the  record  of  the  tests  of  the  rapid-fire  guns  made  at  Sandy 
Hook  on  June  1  : 

DnggtSchroeder  67x1V. — Number  of  rounds  fired  in  1  min- 
ute, 34  ;  rounds  fired  in  3  minutes,  88  ;  time  to  dismount 
block,  remove  main  spring,  rear  spring  and  firing-pin,  ex- 
tractors, one  round  fired  at  beginning  and  end,  2  minutes. 
4|  seconds. 

HoUhkis*— Number  of  rounds  fired  in  1  minute.  28  ;  rounds 
fired  in  3  minutes.  83  ;  time  to  dismount  block,  remove  main 
spring,  rear  spring,  firing-pin,  etc  ,  1  minute,  37|  seconds. 

-  ia  3-pdr.  —  Number  of  rounds  fired  in  1  minute,  34  ; 
rounds  fired  in  3  minutes,  55  ;  time  to  dismount  block,  etc., 
33|  seconds.. 

Spaniel— Number  of  iounds  fired  in  1  minute,  24  ;  rounds 
fired  in  3  minutes,  73. 

Maxim-NordenfeU — Number  of  rounds  fired  in  1  minute,  30 
rounds  fired  in  3  minutes,  65  ;  time  to  dismount  block,  etc., 
3  minutes.  33?  seconds. 

Turrets  of  the  Monitors. — An  inquiry  has  recently  been 
made  by  the  Navy  Department  as  to  the  efficiency  of  the  tur- 
rets of  the  latest  vessels,  especially  that  of  the  Monterey.  The 
report  on  their  performance  has  been  submitted  to  the  depart- 
ment by  Captain  Kempff,  in  which  he  states  that  while  cross- 
ing the  bar  on  the  trip  going  out  from  San  Francisco,  the  ves- 
sel ran  constantly  in  the  trough  of  the  sea,  but  gave  no  greater 
angle  of  roll  than  16  .  Under  these  circumstances  there  was 
a  very  slight  sliding  motion  of  about  \  in.  of  the  turret.  No 
blow  was  brought,  however,  against  the  flanges  of  the  rollers, 
and  the  turrets  showed  no  sign  of  lifting  on  the  weather  side. 
The  period  of  roll  of  the  Monterey  is  three  seconds,  but  is  not 
at  all  jerky.  The  next  day  in  a  rough  sea  the  ship  was  run 
in  the  trough  for  over  half  an  hour.  In  the  forward  turret 
the  greatest  sliding  motion  was  ^  of  an  inch,  with  an  aver- 
age of  I  in.  At  the  same  time  there  was  a  slight  rotary  mo- 
tion. The  motion  was  taken  up  easily  and  gradually.  While 
rolling  from  9'  to  14=  the  turrets  were  kept  in  constant  motion 
from  exlieme  train  starboard  to  extreme  train  port,  and  the 
revolving  machinery  with  the  usual  pressure  of  600  lbs. 
worked  the  turrets  in  this  condition  as  regularly  and  easilv  as 
though  the  vessels  had  been  at  anchor  in  a  good  harbor.  The 
turret  was  worked  full  speed  and  also  slowly,  and  was  at  all 
times  under  perfect  control.  The  report  concludes  by  stating 
that  there  will  be  no  trouble  in  firing  the  battery  on  the  M 
terey  in  what  is  generally  termed  a  rough  sea.  After  arriving 
in  port  the  roller  flanges  and  roller  paths  were  again  examined 
and  found  in  perfect  condition. 

Specifications  for  Steel  Castings— Mr.  H.  L.  Gantt,  of 
Philadelphia,  has  issued  a  circular  regarding  the  specifications 
for  steel  castings,  in  which  he  gives  the  minimum  and  mean 
requirements  in  2  in.  test  bars  for  the  two  grades  of  steel  cast- 
ings used  by  the  United  States  Army  in  the  manufacture  of 
gun  carriages.     The  following  table  gives  the  data  : 


Metal. 


Xo.  1 


Meaji. 


Tensile 

strength. 


60,000 

TO.000 


Elongation. 

18  i 
Ui 


Mis  men. 


Tensile 
Strength. 

55.000 
05.000 


Elongation. 

15* 
10  if 


And  as  a  proof  that  these  requirements  are  not  excessive,  he 
quotes  the  following  actual  tests  which  were  made  from  cast- 
ings delivered  to  the  Arniy  and  Navy  Department. 


Xame  of  Ca-1ing. 

Weight. 

Tensile  Strength. 

Elongation. 

Roller  path   1 
gun  car-     _ 

■   for  s      /mi 

Stem  frame  foi 

Box    sliac    for    l> 
tarret  mount 

7.995 
13.000 

73.00U 

g  sgg 

iS.171 

G5.000 

- 

The  tensile  strength  is  given  in  pounds  per  square  inch,  and 
the  elongation  is  the  percentage  of  increase  in  the  length  of 
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the  bar  before  rupture.  The  objections  to  depending  wholly 
upon  lest  bars  f..r  an  indication  of  the  quality  and  homogeneity 
of  the  metal  ill  a  Casting  are  numerous  ;  among  which  may  be 
noted  that  to  test  a  very  large  easting  thoroughly  by  this 
method,  several  bars  should  be  taken,  representing  different 
portions  of  the  casting.  The  expense  of  this  method  is  not 
inconsiderable,  and  the  delay  necessarily  incurred  is  often 
such  as  to  prohibit  its  use  on  any  work  at  all  in  a  hurry. 
Perhaps  the  most  satisfactory  method  of  obtaining  good  cast- 
ings practically  available  to  the  general  consumer,  is  to  specify 
the  composition  of  the  metal,  and  that  the  castings  should  be 
properly  annealed  and  have  a  competent  inspector  see  that 
the  specifications  are  carried  out. 

The  Hudson  River  Bridge.— The  President  has  signed  the 
New  York  and  New  Jersey  Bridge  bill,  and  the  next  step  to 
be  taken  by  the  promoters  of  the  enterprise  is  to  submit  tin 


Fig.   1. 

plans,  which  have  already  been  drawn,  for  the  approval  of 
the  Secretary  of  War.  The  company  must  complete  the  bridge 
within  lo  years  from  its  beginning,  spending  on  its  construc- 
tion at  least  $2£ 10  th.-  tir.-t  year  and  $1,000,000  a  year  until 

its  completion.  The  work  will  be  begun,  officers  of  the  com- 
pany say,  as  soon  as  Secretary  Lamont  approves  the  plans. 
The  bridge  will  be  a  suspended  cantilever  bridge,  and  will 
cost,  including  approaches,  in  the  neighborhood  of  $4o  111111,0011. 
Its  promoters  s;i\-  it  probably  will  be  completed  in  four  years. 
At  the  center  it  will  be  15  ft.  higher  than  the  Brooklyn  Bridge. 
The  bridge  will  be  purely  a  railway  bridge,  with  six  tracks, 
for  trains  of  all  the  railroad  systems  now  terminating  on  the 
Jersey  shore,  including  the  Pennsylvania,  Jersey  Central. 
Erie,  Lackawanna.  West  Shore  Ontario  A  Western,  anil 
others.  It  has  been  reckoned  that  790  trains  can  pass  over 
the  bridge  in  a  day.  This  project  looks  toward  the  erection 
of  a  union  station  on  the  west  side  to  provide  a  terminus  for 
all  these  railroads.  According  to  the  company"s  plans,  it  is 
proposed  to  take  two  city  blocks,  each  200  X  800  ft.,  and 
bounded  by  Forty-second,  Forty-third,  and  Fortv  seventh 
streets,  by  Seventh  Avenue  and  Broadway  ami  Eighth  Ave 
nue,  giving  an  area  of  nearly  four  acres.  On  this  will  be 
erected  two  buildings,  each  '200  X  800  ft.,  connected  by  a 
footbridge  over  Forty-third  Street.  These  will  contain  "the 
usual  waiting  and  other  rooms  and  ticket  offices,  an  arrival 
platform,  and  a  departure  platform,  each  of  20  tracks,  a  ter- 
minal hotel,  a  general  receiving  and  distributing  post  office 
for  the  city,  and  a  house  for  express  and  perishable  freight 
also  l!S  stores  with  their  cellars,  and  about  ISO  business  offices 
for  the  railway  and   for  rental.     The  bridge  over  the  Hudson 


River  will  be  connected  with  the  station  at  Broadway  and 
Fortv  second  Street  by  a  steel  viaduct,  the  average  height  of 
which  will  1*  GO  ft.,  and  the  total  length  about  10,680  ft. 

Canvas  Cofferdams. — In  a  paper  read  before  the  American 
Society  of  Civil  Engineers,  Mr  M.  .Meigs.  M.  Am.  Soc.  C.  E., 
described  the  use  of  canvas  in  making  a  cofferdam  tight. 
The  method  was  employed  in  repairing  the  locks  of  the 
United  States  Mississippi  Canal  at  Keokuk,  la.,  in  1893.  Each 
leaf  of  the  lock  gates  here  was  27  ft.  high  by  46  ft.  wide,  and 
weighed  40  tons,  and  the  leakage  of  the  bottom  10  ft.  was 
becoming  serious,  hence  the  need  of  repairs.  The  only  avail- 
able time  of  the  year  is  at  the  commencement  of  the  frosts  in 
November,  when  the  building  of  a  cofferdam  with  gravel  and 
timber  would  have  been  difficult.  It  was,  therefore,  deter- 
mined to  build  the  dam  of  timber  and  make  it  tight  with  can- 
vas. A  timlrer  frame  was  accordingly  built  and  towed  into 
place,  where  its  ends  abutted  on  the 
Daring  ashlar  walls  of  the  lock  ap- 
proach, while  below  it  was  a  clear 
rock  bottom.  The  framing  was  sunk 
by  loading  with  old  rails,  and  planks 
were  then  spiked  on  to  it.  For  this 
purpose  a  "shot-gun"  was  used, 
which  consisted  of  a  }-in.  pipe  with 
an  iron  rod  working  on  it.  This  pipe 
and  rod  extended  above  the  surface, 
while  below  it  was  brought  over  the 
spikes  to  be  driven  by  a  diver.  The 
rod  was  then  struck  by  a  hammer  at 
the  top.  A  canvas  sheet  was  then 
spread  over  the  face  of  the  dam  ; 
12-oz.  duck  was  used,  and  a  $-iu. 
iron  chain  was  sewn  along  the  lower 
edge  of  the  canvas  to  sink  it  into 
place.  The  canvas  overlapped  the 
bottom  and  wing  walls  by  some 
inches.  The  work  of  placing  the 
dam   took    about    five    days,    after 

B  which  the  lock  was  pumped  dry  in 

about  six  hours.     The  leakage   was 
insignificant,  the  head  being  12  ft. 

Chinese  Railroads.  —  The  first 
railroad  in  China  was  from  Shanghai 
to  Woosung,  a  distance  of  about  12 
miles.  Woosung  is  the  bar  at  the 
mouth  of  the  Whampoa  River,  and 
this  road  did  a  big  business  till  some 
of  the  Chinese  thought  it  was  injur- 
ing their  luck,  and  they  complained 
to  the  authorities.  The  officials 
bought  the  road  at  a  high  price  from 
the  foreigners  who  owned  it,  and 
threw  the  locomotive,  which  they 
said  contained  a  devil,  into  the  river. 
Some  of  the  rails  are  still  left,  and  it 
may  be  that  the  road  will  be  again 
built  in  the  future.  One  thing  is  very  certain,  and  that  is  the 
moment  the  Chinese  appreciate  that  they  can  make  and  run 
roads  of  tUeir  own,  their  superstition  will  not  stand  in  the  way 
of  making  them,  aud  many  of  the  officials  are  experimenting 
to  see  what  they  can  do.  A  locomotive  has  recently  been 
built  by  the  Chinese  machinists  at  the  Kiaguan  arsenal,  near 
Shanghai.  Steel  rails  are  also  rolled,  and  the  mill  is  very  well 
managed. 

There  is  a  vast  deal  of  waste  now,  it  is  true,  and  this  will 
continue  as  long  as  the  work  is  done  by  the  officials,  who  ex- 
pect to  get  a  \i'\n  living  out  of  their  stealings  :  but  it  will  be 
different  when  factories  of  this  kind  are  started  as  private  en- 
terprises. Just  now  the  chief  movements  in  the  direction  of 
railroads  are  from  the  government,  and  the  idea  is  to  render 
China  impregnable  in  case  of  war.  Tins  is  the  purpose  of  the 
viceroy  at  Hankow.  He  hates  the  foreigners,  and  he  wants 
to  drive  them  out  of  the  country.  He  is  using  them  to  build 
factories,  anil  he  has  a  cotton  mill  run  by  steanr  and  filled 
with  modern  machinery,  which  is  one  of  the  largest  in  the 
world.  Tt  contains  1.000  looms,  and  it  is  located  on  the  banks 
of  the  Yaugtse,  in  tin  city  of  Wuchang.  It  is  now  making 
money,  I  am  told,  and  it  is  profiting  off  the  rise  in  foreign 
cottons  through  the  fall  in  the  value  ot  silver. 

Speaking  of  extravagance  in  railroad  building,  it  is  doubtful 
whether  there  has  ever  been  creeled  a  more  costly  plant  than 
that  which  is  now  being  put  up  here  by  this  viceroy  for  the 
building  of  cars,  the  making  of  rails,  and  the  turning  out  of 
a  full  equipment  for  the  line  which  is  at  some  future  time  to 
run  to  Peking.  The  works  are  being  put  up  by  Belgians  as 
foremen,   and   about   ."ill   high-priced   men   are   now  employed 
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here  on  salaries.  They  arc  located  at  the  foot  of  a  hill  just 
above  the  month  of  the  Han  River  aud  a  aboil  distance  back 
from  the  Yangtsc  Kiang. 

There  is  a  railroad  being  built  in  the  northern  part  of  the 
empire,  and  the  regular  appropriation  set  aside  for  this  has 
been  $3,000,000  a  vear.  This  northern  railway  is  the  only 
working  road  in  China.  It  has  been  pushed  rapidly  within 
the  past  year  or  so  toward  the  Manchurian  frontier,  and  was 
of  service  to  the  government  in  the  recent  rebellion  there.  It 
is  for  the  purposes  of  defense  that  the  Chinese  will  build  rail- 
roads. 

This  northern  road  was  first  built  to  take  coal  from  the 
mines  to  the  Taku  forts  and  the  naval  ships.  Five  years  ago 
it  was  only  about  80  miles  long.  It  has  now  about  reached 
the  great  wall,  and  will  soon  penetrate  Mongolia. — Halifax 
IleraUI. 


AUTOMATIC  WATER-TANK 


TnE  Automatic  Water-Tank  Company,  of  143  Liberty  Street, 
New  York,  have  placed  an  apparatus  upon  the  market  which 
is  intended  to  do  away  with  pumping  stations  for  railroad  ser- 
vice. The  principal  advantages  claimed  for  the  apparatus  are 
that  its  first  cost  is  no  more  than  that  of  an  ordinary  pumping 
station,  and,  under  some  circumstances,  will  be  even  less,  and 
that  it  does  away  entirely  with  all  necessity  for  attendance,  so 
that  the  wages  of  the  men  who  attend  these  stations  as  well  as 
the  fuel  consumed  in  the  bailers  used  for  generating  steam  to 
drive  the  pumps  are  saved. 

The  general  system  by  which  the  apparatus  works  is  that 
steam  is  taken  from  the  bailer  of  the  locomotive  and  carried 
to  the  top  of  a  tank  tilled  with  water,  pressing  down  upon  the 
surface  of  the  latter  and  forcing  it  up  through  a  pipe  leading 
from  the  bottom  of  this  tank  into  the  lender  of  the  locomotive. 
The  steam  which  then  fills  the  tank  is  allowed  to  condense  aDd 
thus  forms  a  vacuum,  causing  the  water  to  rise  from  the  cis- 
tern to  till  the  tank  and  place  the  apparatus  ready  for  use  with 
the  next  eugine. 

At  a  recent  exhibition  of  the  apparatus  that  has  been  set  up 
in  Brooklyn,  near  the  line  of  the  Long  Island  Railroad,  from 
the  time  the  steam  was  turned  into  the  tank  until  it  was  again 
filled  was  about  two  and  one  half  minutes.  Details  of  the  ap- 
paratus have  beeu  very  carefully  worked  out,  and  our  engrav- 
ings show  the  arrangements  of  the  same.  The  side  elevation 
and  sectional  view  in  figs.  1  and  -'  show  the  connection 
Which  is  made  at  the  lender  between  the  steam  pipe  leading  to 
the  automatic    water-tank   and   Ihe   pipe   from    the-  engine.      It 


will  be  seen  that  the  pipe  leading  to  the  water-tank  has  a  notch 
on  the  lower  side  of  an  elbow,  the  top  surface  of  which  is 
fitted  into  a  ball  joint  at  the  bottom  of  the  flange,  over  the  top 
of  which  the  steam  enters  from  the  boiler,  as  s aown  in  the  side 
elevation. 

The  treadle,  which  is  shown  in  the  release  position  in  dotted 
lines,  is  arranged  so  that  it  has  a  cam  motion  passing  the  cen- 
ter with  a  stiff  spring  over  the  top  which  holds  the  tank  pipe 
up  into  position  and  forms  the  steam  pipe  joint.  The  valve  at 
the  top  of  the  elbow  is  then  opened  and  steam  admitted  to  the 
water  tank.  The  water  tank  is  located  below  the  surface  of 
the  track,  as  shown  in  fig.  3.  It  is  recommended  by  the  com- 
pany that  there  be  an  auxiliary  water-tank  above  the  surface, 
such  as  is  now  used,  in  order  that,  in  case  of  failure  or  leakage 
or  ncce-sity  of  repairs  to  the  lower  tank,  the  upper  one  may 
serve  as  a  storage  reservoir  from  which  engines  may  be  filled 
until  the  automatic  tank  has  been  re- 
paired. Steam  enters  the  top  of  the 
automatic  tank  and  presses  the  water 
down  so  that  it  forces  up  through  the 
pipe  which  is  shown  in  dotted  lines, 
and  which  is  turned  in  the  syphon 
coming  down  to  the  spout  leading  to 
theengine.  These  underground  tanks 
have  a  capacity  equal  to  that  of  the 
tender  to  be  filled.  When  the  tender 
is  full  the  steam  is  shut  off.  and  an  ar- 
rangement of  check  valves  causes  the 
water  in  the  stand  pipe  between  the 
tank  and  the  spout  to  flow  back  and 
be  sprayed  into  the  top  of  the  auto- 
matic tank  rather  than  to  enter  it  by 
the  pipe  from  which  it  left.  It  thus 
forms  a  cooling  spray  which  con- 
denses the  steam,  producing  a  vacuum 
and  causing  the  water  to  rise  through 
the  stand  pipe  leading  down  to  the 
water  in  the  cistern.  This  water  then 
flows  into  the  automatic  tank,  and  al- 
ways rises  to  a  certain  predetermined 
height. 

When  the  tank  is  made  and  first  set 
up,  steam  is  admitted  in  the  ordinal  y 
way.  and,  of  course,  there  being  no 
water  in  the  tank,  it  simply  forces  the 
air  out  through  the  stand  pipes. 
After  a  time  the  steam  will  condense, 
and  the  tank  be  partially  filled  from 
the  cistern.  Then  the  second  appli- 
cation of  steam  forces  this  water  out. 
and  its  return  through  the  stand  pipe 
causes  a  complete  condensation  of  the 
steam  and  rilling  of  the  tank. 

The  apparatus  has  been  success- 
fully used  on  one  station  of  the  Penn- 
svlv'ania  Road  for  some  months,  and 
an  exhibition  station,  as  we  have  already  said,  is  now  in  opera- 
tion in  Brooklvn  on  the  line  of  the  Long  Island  Railroad. 


BAKERS  SAFETY  VENT. 


In  the  well-known  Baker  car  heater  the  heat  of  the  fire  is 
conveyed  or  transmitted  to  the  interior  of  the  car  by  means  of 
the  circulation  of  water  around  the  fire  and  through  pipes  laid 
near  the  floor  of  the  car  and  extending  through  its  whole 
length.  In  order  to  keep  the  water  in  the  pipes  warm  they 
are  arranged  so  that  the  fire  will  cause  the  water  to  circulate 
through  them  and  around  the  tire  continuously  so  long  as  the 
latter  is  kept  going.  During  this  pn>cess  there  is  no  loss  of 
water  unless  it  is  caused  by  leakage.  In  order  that  the  circu- 
lation should  be  maintained  it  is  essential  that  the  pipes  should 
be  completely  filled  with  water.  It  is.  therefore,  important 
that  there  should  not  be  any  leakage  of  any  kind,  and  that 
neither  water  nor  steam  should  be  allowed  to  escape  from  the 
heater  under  its  normal  condition.  But,  like  a  steam  boiler,  if 
the  heater  does  not  receive  the  attention  it  should  have,  it  is 
liable  to  be  overheated,  and  under  such  conditions  an  excessive 
pressure  may  be  produced  in  the  pipes,  which,  if  it  is  not  re- 
lieved, mav' produce  an  explosion.  For  this  reason,  and  to 
guard  against  such  contingencies,  some  means  must  be  pro- 
vided to  relieve  the  excessive  pressure  in  case  of  neglect  by 
thise  w-ho  have  the  care  of  the  apparatus.  All  ordinarv  safety 
valves  consist  of  a  number  of  parts,  and  are  kept  tight  by 
some  sort  of  steam  joint,  and  are  therefore  liable  to  get  out  of 
order  and  to  leak.  A-  .  safety  valve  is  only  needed  in  cases 
of  emergency,  ami  is  not  required  in  ordinary  service  of  a  car 
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heater,  if  it  is  at  all  complex  it  is  liable  not  to  be  in  good  work- 
ing condition  when  the  emergency  arises.  Besides,  any  leak- 
age, however  slight,  will  in  turn  reduce  the  supply  of  water  in 
the  pipes,  which  will  interfere  with  the  circulation.     For  these 

reasons— that  is,  in  order  to  provide  a  vent,  in  case  of  neglect 
of  the  heater  and  consequent  overpressure  in  the  pipes,  which 
would  have  no  liability  to  get  out  of  order  and  would  have  no 
leakage  whatever— Mr.  William  ('.  Baker,  the  well-known  in- 
ventor of  the  car  heater  which  bears  his  name,  has  designed 
what  he  calls  a  "  jointlcss  safety  vent,"  which  is  shown  by 
the  engravings  (tigs.  1  and  2),  the  former  being  an  external 
view  and  the  latter  a  section.  This  is  simply  a  cup  shaped 
casting  with  a  pipe  which  is  connected  to  the  heater  pipes 
screwed  into  the  lower  side,  and  a  flat  top,  A  IS,  which  lias  a 
groove,  c  c.  turned  in  the  under  side,  so  as  to  reduce  the  thick- 
ness of  the  metal  forming  the  top  around  its  circumference. 
The  thickness  of  the  metal  over  the  groove  is  left  just  suffi- 
cient to  resist  the  maximum  pressure  to  which  the  pipes  may 


KAKEH'S  SAFETY   VENT. 

be  safely  subjected.  When  it  exceeds  this  point  the  top  is 
blown  out,  which,  of  course,  relieved  the  pressure.  The  only 
damage  which  results  is  that  the  old  "  vent"  is  destroyed  and 
must  be  removed  and  a  new  one  screwed  on  in  its  place. 

From  the  illustrations  it  will  be  seen  that  it  is  almost  impos- 
sible for  this  device  to  get  out  of  order  and  that  no  leakage  can 
occur  unless  by  the  fracture  of  the  top  disk,  or,  as  Mr.  Baker 
expresses  it,  "  there  cannot  be  even  a  single  drop  of  leak  from 
it  until  the  danger  point  is  reached,  when  something  must  give 
way,  and  that  something  is  the  vent  disk.  No  greater  harm  is 
involved  in  the  bursting  of  the  top  of  this  vent  than  the  small 
expense  and  the  few  minutes'  time  taken  in  screwiug  on  an- 
other one,  which  may  be  done  by  hand." 

The  blowing  off  of  the  vent  disk  has  also  the  advantage  of 
being  a  record  of  the  carelessness  of  the  attendant,  whereas  any 
ordinary  safety  valve  might  blow  off  repeatedly  and  leave  no 
sign  of  that  fact  after  it  was  closed  again. 

This  device  was  designed  by  Mr.  Baker  to  be  used  in  con- 
nection with  his  car  heater,  but  it  may  be  used  for  other  pur- 
poses and  on  boilers  of  various  types  and  kinds. 

The  address  of  the  inventor  and  manufacturer  is  143  Liberty 
Street,  N.  Y. 

<► 

THE  LESLIE  PATENT  LOCOMOTIVE  FIRE  KIN 
DLER  FOR  KINDLING  LOCOMOTIVE  FIRES 
WITH  CRUDE  OIL  INSTEAD  OF  WOOD 


THE  apparatus  which  the  inventor  of  this  appliance  has  de- 
vised for  the  purpose  of  kindling  the  tires  in  locomotives  with 
crude  oil  instead  of  wood  consists  of  a  suitable  storage  lank  in 
connection  with  the  engine  house  or  other  locality  where  fires 
must  be  kindled,  and  capable  of  holding  the  requisite  quantity 
of  oil  for  th«' service  for  which  if  is  intended.  A  small  tank 
or  auxiliary  reservoir,  which  is  fed  from  the  storage  tank,  is 
also  provided,  and  suitable  globe  and  check  valves  are  located 
between  the  two  tanks,  the  former  being  intended  to  shut  off 
the  whole  supply  from  the  storage  tank  if  necessary,  and  the 
latter  to  feed  the  required  quantity  of  oil  to  the  auxiliary  res- 
ervoir. 

An  ordinary  air  pump,  which  supplies  air  to  a  storage  reser- 
voir at  a  pressure  of  60  or  70  lbs.  for  shop  purpose's,  can  be 
utilized  to  supply  sufficient  air  for  the  kindler  through  a  pipe 
connected  with  said  storage  reservoir  anil  entering  a  locker 
suitably  located  in  the  round  house;.  In  this  locker  an  air 
pressure  regulator  reduces  the  pressure  to  about  20  lbs  .  and 
the  main  air  pressure  pipe  extends  from  there  round  the  house 
over  each  stall  ;  a  smaller  air  service  pipe  enters  the  auxiliary 

reservoir,  and  passing  through  the  locker,  extends,  in  close 

proximity  to  the  main  air  pressure   pipe,  round  the  house,  and 

is  connected  with  the  latter  by  suitable  branch  pipes  and  the 

intermediary  of  a  lock  combination  valve  over  each  stall.  An 
oil  service  pipe  emerges  from  the  auxiliary  reservoir,  and  pass 
ing  also  through   the  locker,  follows  the  same  course  as  the 


two  former  pipes,  a  branch  pipe  being  connected  to  the  same 
and  also  to  tlie  lock  combination  valve  above  the  stalls— the 
latter  is  so  located  as  to  be  conveniently  unlocked  and  opened 
Irom  the  engine.  The  whole  supply  of  air  and  oil  to  these 
pipes  is  controlled  by  suitable  valves  placed  in  the  locker  be- 
fore mentioned,  in  which  also  are  located  the  gauges,  all  being 
placed  under  lock  anil  key  ;  in  this  ■/ay  the  absolute  coutrol 
of  the  whole  system  is  in  the  charge  of  one  person  ;  and  when 
the  system  is  opened  to  service  the  control  of  the  supply  to 
each  stall  is  governed  by  its  respective  lock  combination  or 
regulating  valve. 

When  a  ;:.re  is  to  be  kindled,  sufficient  coal  is  thrown  into 
tin  lire-box  to  cover  the  grate  thoroughly  ;  a  light  and  easily 
handled  burner,  with  two  small  hose  attached  for  air  and  oil, 
is  connected  by  suitable  hose  couplings  to  the  lock  combina- 
tion valve  ;  after  the  burner  has  been  connected  by  unlocking 
and  opening  the  combination  valve,  the  oil  is  brought  into  the 
house  automatically  and  the  air  and  oil  simultaneously  admitted 
to  the  burner.  A  small  piece  of  greasy  waste  is  then  lighted 
and  thrown  into  the  tire-box  on  top  of  the  coal  ;  the  air  and 
oil  are  then  turned  on  to  the  burner  by  their  respective  valves, 
the  necessary  quantity  of  oil  only  being  fed  automatically, 
making  it  impossible  to  injure  the  fire-box  sheets  either  through 
carelessness  or  otherwise.  When  the  fire  has  been  kindled  By 
the  closing  of  the  lock  combination  valve,  the  supply  of  air 
and  oil  is  shut  off  simultaneously  and  the  oil  remaining  in  the 
pipe  is  automatically  returned  to  the  auxiliary  tank,  after 
which  the  burner  is  disconnected. 

The  storage  and  auxiliary  tanks  are  buried  In  the  ground 
outside  of  the  buildings  and  below  the  frost  line,  fully  protect- 
ing the  oil  not  only  from  tire,  but  also  from  all  kinds  of  weather, 
and  at  the  same  time  economizing  space.  The  location  of  the 
pipes  over  the  stalls,  where  the}'  are  entirely  out  of  the  way, 
the  means  of  controlling  the  whole  system  by  having  the  con- 
trolling valves,  including  those  which  are  placed  out  of  reach 
over  the  stalls,  securely  locked,  so  that  persons  passing  through 
the  round  house  cannot  interfere  or  tamper  with  them,  even 
the  safety  and  accuracy  in  kindling  fires  with  this  device  are 
not  dependent  upon  the  operator,  but  are  due  to  the  fact  that 
those  parts  which  have  to  be  manipulated  by  him  are  so  ar- 
ranged that  they  are  either  automatically  adjusted  or  it  is  com- 
pulsory for  him  to  adjust  them  properly  to  enable  him  to  do 
the  work,  in  this  way  protecting  the  property  from  all  risks 
through  carelessness  or  otherwise. 

The  success  of  this  device,  it  is  claimed,  has  been  fully  es- 
tablished by  actual  use  in  kindling  many  thousands  of  fires  on 
several  important  railroad  lines  where  it  has  been  adopted, 
and  has  attracted  much  attention  on  account  of  its  cheapness, 
convenience  and  the  great  saving  which  has  been  effected 
through  its  use.  It  has  been  shown  that  to  kindle  a  fire  only 
li  galls,  of  oil  is  required  to  do  what  takes  one-eighth  of  a 
cord  of  wood,  and  that  as  much  or  more  steam  will  be  gen- 
erated by  the  oil  as  by  the  wood.  One  car  load  of  oil,  =  0,000 
galls.,  will  kindle  as  many  fires  as  71  car-loads  of  wood,  =  500 
cords.  The  difference  in  the  cost  of  transporting,  handling, 
sawing  and  storing  the  wood  and  oil  is  saved  by  the  use  of  the 
latter.  Less  space  is  occupied  by  the  appliances  and  the  mate- 
rial for  kindling  with  oil  than  is  needed  for  the  wood.  Oil  is 
always  equally  efficient  at  all  times,  whereas  wood,  if  it  is 
green  or  wet,  will  not  kindle  readily.  In  cases  of  emergency 
illuminating  or  lubricating  oil  may  be  used.  Wood  is  more 
liable  to  be  stolen,  there  is  more  risk  of  fire  when  it  is  used, 
and  as  a  larger  number  of  cars  are  required  to  transport  it,  the 
danger  of  wreckage  is  greater.  Kindling  fires  with  oil  is  there- 
fore cheaper,  the  appliances  are  simpler,  more  convenient, 
cleaner  :  much  time  is  saved  in  kindling  fires  and  gelling  up 
steam,  no  wood  sparks,  which  are  very  liable  to  start  fires,  arc 
thrown  from  the  chimney,  the  annoyance  and  delay  connected 
with  the  supply  of  wood  is  avoided. 

Tests  made  on  the  Chicago,  Rook  Island  &  Pacific  Railroad  in 
kindling  tires  with  one-eighth  of  a  cord  of  wood  and  1 1  galls,  of  oil 
showed  that  there  was  a  very  material  saving  of  time  in  kindling 
the  fire  and  getting  up  steam  with  oil  compared  with  wood. 
The  cost  of  one-eighth  of  a  cord  of  wood  is  334  cents,  while  1J 
galls,  of  oil  at  1.71  cents  per  gallon  costs  only  2  56i  cents,  so 
that  the  saving  is  apparent.  The  average  quantity  of  oil  used 
In  kindle  over  a  thousand  tires  was  only  1.31  galls.,  and  the 
cost  2.21  cents.  In  the  month  of  May  the  average  cost  on 
tin-  Burlington,  Cedar  Rapids  &  Northern  Railroad  was  just  :i 
Cents.  In  .luneil  was  1.72ocnts.  With  a  little  experience  wilh 
the  apparatus  the  amount  of  oil  consumed  to  kindle  each  lire 
was  reduced  to  less  than  3  quarts  and  the  cost  was  reduced  to 
about  It  (ruts.  This  apparatus  is  destined  I"  work  a  revolu- 
tion in  the  method  of  kindling  tires  in  locomotives,  and  will 
largely  reduce  the  cost,  the  time  consumed,  and  add  to  Ihc 
Convenience  of  starting  lires  and  getting  up  steam. 

The  various   patents  on   this  device  arc  owned  by  Mr.  .1    S. 

Leslie,  of  Paterson,  N.  J. 
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RICHMOND  COMPOUND  LOCOMOTIVE. 


Some  time  ago  the  Richmond  Locomotive  Works  built  a 
compound  consolidation  locomotive  for  the  Cleveland,  Cincin- 
nati, Chicago  &  St.  Louis  Railway,  using  an  intercepting  valve 
designed  by  Mr.  C.  J.  Melliu,  Chief  Draftsman  of  the  estab- 
lishment. The  engine  has  now  been  working  for  several 
months  on  the  road  and  is  giving  very  good  satisfaction,  as 
the  relative  coal  saving  effected  in  its  performances  as  compared 
with  the  other  engines  reported  in  our  April  issue  would  indi- 
cate. The  engravings  of  the  side  elevation  in  outline  and  the 
reproduction  of  the  photograph  give  a  very  clear  idea  of  the 
appearance  and  construction  of  the  engine,  and  the  following 
are  among  its  principal  dimensions  : 

Kind  of  fuel  used Bituminous  coal. 

Gauge  of  road. 4'    8J^" 

Total  weight  of  locomotive  in  working  order,  including 

two  men.  from  scale  wilh  two  gauges  of  water  ..  141,400  lbs. 

Total  weight  on  driving-wheels  (about) 112,000    " 

"      wheel  base 23'    ^" 

Distance  between  center  of  front  and  back  driving-wheels. 11'     1U' 


and  V,- 
,V 
IV 

%• 

A" 
66" 


X9%- 
X  9^" 
X  10- 


Inside  lap  of  L.T.  slide  valve 

II.  P.     "         "      ,V 

Outside  lap  of  I,. P.  slide  valve 

HP.     "        "       

Lead  of  slide  valves  L  1'.  in  full  stroke 

II. P. 

Diameter  of  driving-wheels  outside  of  tires 

"  front  truck- wheels 

"         "  back  truck  wheels  ...   ..     

Size  of  main  driving-axle  journal,  diameter  and  length. . .  8* 

"    "other  "  "  "  "        "       8" 

11    "  truck  axle  journals,  diameter  and  length 53^' 

"    "  main  crank-piu  journals,  diameter  and  length,  in- 
ternal  6"  X  5" 

Size  of  main  crank  pin  journals,  diameter  and  length,  outer, 6%'  X  6J^" 
'*    "  coupling-rod  journals,  diameter  and  length,  4*  x  4" 

Length  of  driving-springs,  measured  from  center  to  center 
of  hangers 36' 

Description  of  boiler Belpaire. 

Inside  diameier  of  smallest  boiler  ring' 60* 

Material  of  barrel  of  boiler Steel. 

Thickness  of  plates  in  barrel  of  boiler f9" 

Kind  of  horizontal  seams  J  Double-riveted 

(     butt  seams. 

"      "  circumferential  seams \  Double-riveted 

I     lap  seams. 

Material  of  tubes ! Lap -welded  iron. 

Number  of  tubes 241 
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COMPOUND  LOCOMOTIVE,   BUILT  BY  THE  RICHMOND   LOCOMOTIVE  WORKS. 


Disiance'from  center  of  main  driving  wheels  to  center  of 
cylinders 13'  4" 

Distance  from  center  of  main  driving-wheels  to  center  of 
hack  driving-wheels 6'    2" 

Length  of  main  connecting-rod  from  center  to  center  ot 
journals 9'    1- 

Transverse  distance  from  the  center  of  one  cylinder  to  the 
enter  of  the  other 7      1 

Diameter  of  L. P.  cylinder  and  stroke  or  piston SO' X  34' 

'•HP.         v.r  x  21 

Horizontal  thickness  of  piston   over   piston  head  and  lol- 
lower  plate    ..        t;- 

Kind  of  piston  packing.  II. 1' Dunbar. 

"  L.P Simple  lings. 

Diameter  of  I.  P.  piston-rod ..  31$  • 

"  U.P.         "         3W 

Size  of  steam  L.P.  port 93'xlv 

UP-     -    23-Xl\ 

"     "  exhaust  L.P.  ••   2S-  x  3>^" 

H.P.  ■•    23"  X2H- 

tlraafest  travel  of  L.l'  slide  valve         54i* 

H.P.     "         -      5£- 


Diameter  of  tubes,  outride 2* 

Distance  between  center  of  tabes 38j£" 

Length  of  tubes  over  tube  plates 13'  in;?' 

"  fire-box 8'  11  \  g' 

Width    "        "       3'  5JT 

Depth    "        "       S'lH'toS'  7H' 

Water  space,  side  of  lire  box 3?^* 

k'  "       back  of  lire  box 4* 

"  M       front  of  lire-box , 4* 

Material  of  outside  shell  of  tiro-box         Carnegie  eteel. 

Thickness  of  plates  of  outside  shell  of  tire  box ,",-* 

Material  of  inside  flre-box Carnegie  steel. 

Thickness  of  plates  inside %' 

"        "      back  end  of  fire  box %' 

"  *'    crown-plate %' 

Material  of  tabe-platee  ..   Carnegie  steel. 

Thickness  of  front  tube- plates. .    

"  M  back  lube- plates [J 

How  crown-plafe  is  stayed ,     taoiutol™"0 


Diameter  of  dome. 
Maximum  working 


.31* 
pressure  per  sq.  In 370 


stays. 
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Kind  of  grate  Racking  finger 

Width  of  opening  between  bare  tl  .   ,  j  1  to  J^etween  fin- 

Orate  surface. 81.3  eq.  ft. 

Heating  surface  in  fire-box 17;.' 

"        of  the  <>iiti-i<l.-  >>f  lubes 1,; 

Total  heating  surface 1,928     " 

Kiud  of  blast  nozzle Siogle. 

Diameter  of  blast  nozzle 5^* 

Smallest  Inside  diameter  of  chimney 15" 

Height  from  top  of  rails  to  top  of  ehininey 11      5 

"  ' center  of  boiler  7'     11^' 

Weight  of  tender  empty 4]  ,650  lbs 

Number  of  wheels  under  tenier 8 

Diameter  of  tender-wheels 88 

9ize  of  journals  of  tender  axles,  diameter  and  length 4%'  X  1M' 

Total  wheel-base  of  tender  15'  0' 

Distance  from  center  to  center  of.track  wheels  of  tender..  5'  0* 

Water  capacity  of  tank  (in  gallons  of  231  CU.  in.) 4.001)  galls 

Total  wheel-base  of  engine  and  tender W\ 

"      length  of  engine  and  tender  over  all 58'  4>j" 

Throw  of  eccentrics 5&* 

The  intercepting  valve,  as  we  have  already  said,  was  de- 
signed by  Mr.  Mellin.  and  its  construction  is  very  clearly 
shown  by  the  engravings  which  we  present,  in  which  the  vari- 


move  the  sleeve  L  to  the  left,  Cutting  otT  steani  from  port  C, 
and  thus  equalizing  the  work  in  both  cylinders,  Alter,  say, 
one  and  a  ha'.f  revolutions,  the  pressure  accumulates  in  the  re- 
ceiver /-'and  moves  the  valve  V  to  the  lett,  carrying  the  sleeve 
with  it  .  when,  the  steam  being  permanently  cut  oil  at  C,  there 
is  a  straight  connection  between  Hie  two  cylinders.  In  start- 
ing on  grades,  or  when  exerting  maximum  power,  the  engineer 
can  move  the  three-way  cock  in  the  cab,  letting  boiler  steam 
behind  the  piston  on  the  emergency  valve  If  and  holding  it 
open  against  its  spring.  This  exhausts  the  small  cavity  J  in 
which  tin-  pressure  is  equalized  with  the  receiver  through  holes 
in  the  valve  V,  and  then  the  valves  Fand  L  move  instantly  to 
the  right,  assisted  by  steam  pressure  on  the  shoulder  E.  The 
high-pressure  cylinder  has  now  a  separate  exhaust,  and  tin 
low  pressure  cylinder  gets  its  steam  direct  from  the  boiler 
through  the  port  A  and  reducing  valve  L.  Except  when 
working  simple  the  valves  act  entirely  automatically.  The 
lubricator  to  the  low-pressure  cylinder  enters  port  A,  and  thus 
insures  constant  lubrication  to  the  intercepting  and  reducing 
valves. 


POSITION  IN  STARTING    AUTOMATICALLY 


POSITION    WHEN    WORKING    COMPOUND 
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ous  positions  which  it  occupies  while  in  service  are  repre 
sen  ted. 

Fig.  1  shows  the  position  starting  automatically  ,  tig.  'J  Hie 
starting  position  at  tin-  maximum  pressure  in  the  "low-pressure 
steani  chest  ;  tig.  :i  when  working  compound,  and  tig.  i  the 
position  when  working  as  a  simple  engine. 

The  drawings  show  sections  through  the  low  pressure  eylin 
der  saddle  with  the  valves  in  their  various  relative  positions 
The  high-pressure  cylinder  exhausts  into  the  receiver,  which 

is  placed  inside  tin-  smoke-box  and  opens  into  the  chamber  F. 
The  intercepting  valve,  as  shown  at  1' in  the  several  views, 
has  a  piston  on  its  forward  end  which  acts  in  its  cylinder  Bi  an 
air  dash-pot,  to  prevent  any  slamming  of  the  valve.     Around 

the  stem  of  this  valve  is  a  sleeve,  /.,  which  has  an  axial  move- 
ment on  the  stem,  and  acts  as  an  admission  and  reducing  valve 

to  the  low-pressure  cylinder  when  starting  and  when  working 

simple.  Valve  J I  is  a  plain  winded  valve  With  a  piston  On  its  real 
end,  and  i.-  called  the  em<  rgency  valve,  as  by  its  use  the  en- 
gineer can  at  will  operate  as  a  simple  engine.  "When  starting, 
steam  from  the  boiler  goes  to  the  high  pressure  cylinder  in  the 
ordinary  way,  and  also  to  the  port  V  through  a  -'in.  steam  pipe 
connected  to  the  dry  pipe.  There  is  then  no  pressure  in  the 
receiver  F.  and  the  pressure  on  Hie  shoulder  2?  of  the  sleeve  / 
•J)  moves  the  sleeve  and  valve  ('to  the  right,  closing  the 
receiver  and  letting  steam  past  the  shoulder/-;  into  the  low- 
pressure  valve  chest  (}. 

\o\v.  since  the  area  of  the  end  /,' of  the  sleeve  L  is,  sav. 
twice  that  of   the  shoulder  A',  half  of  the  boiler  pressure  will 


1  iwiug  to  the  small  area  of  port  C  and  the  contracted  ex- 
haust through  //.  the  engine  develops  less  power  as  a  simple 
engine  than  as  a  compound  at  a  speed  of  over,  say,  5  miles 
an  hour,  and  thus  the  runner  is  compelled  to  work  compound. 

Should  citln  r  side  break  down,  the  emergency  valve  can  be 
opened  and  the  engine  brought  in  on  one  side  like  an  ordinary 
engine. 

To  recapitulate  :  It  will  be  seen,  then,  that  in  fig.  1,  where 
the  engine  is  simply  started  by  opening  the  throttle,  steam 
enters  the  low-pressure  cylinder  from  the  dry  pipe  through  the 
2  in  pipe  -1,  tin  passage  D,  and  passes  by  the  opening  made 
by  the  sleeve  /.  into  the  steam  passage  to  the  low-pressure  cyl- 
inder. Meanwhile,  the  high-pressure  cylinder  is  exhausting 
into  the  receiver  and  raising  the  pressure  there  and  in  the 
chamber  ./.  As  soon  as  the  pressure  in  the  low-pressure  steam- 
chest  is  one  half  of  that  in  the  dry  pipe,  the  pressure  against 
the  sleeve  L  at  B  pushes  it  back  into  the  position  shown  in 
tig.  2.  This,  of  course,  is  only  temporary,  because  the  moment 
m  is  admitted  again  into  the  low-pressure  cylinder  press- 
ure is  reduced  in  the  chamber  (V  and  the  sleeve  moves  back  to 
its  position  of  tig.  1.  As  soon,  however,  as  the  receiver  press- 
ure and  that  in  the  chamber  6  rises  so  as  to  be  slightly  in  ex- 
cess  of  that  in  the  passage  to  the  low-pressure  cylinder  G,  the 
whole  intercepting  valve  is  thrown  back  into  the  position  of 
fig.  3.  and  :il  that  point  live  steam,  entering  at  .1.  is  cut  otT  by 
the  sleeve  /.  and  the  exhaust  steani  passes  direct  from  the  high- 
pressure  cylinder  through  the  receiver  into  the  low-pressure 
steam  chest,  as  shown  iu  tig.  :i. 
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When  th«  engine  is  to  be  worked  as  a  simple  engine,  as  has 
already  been  said,  the  valve  is  moved  into  the  position  of  fig. 
4  ;  steam  then  enters  at  A,  passes  through  C  around  the  open- 
inn  at  L  into  the  low-pressure  cylinder.  The  exhaust  from  the 
high  pressure  cylinder  passes  through  the  receiver  around  the 
dash  pot  piston  of  the  main  valve  through  the  chamber  /, 
passes  the  valve  //  and  out  into  the  main  exhaust  by  way  of 
the  emergency  exhaust,  as  marked.  The  action  of  the  engine 
is  very  clearly  shown  by  the  two  sets  of  indicator  cards  which 
we  publish.  One  of  them  is  taken  at  thespeed  of  8.1  miles  per 
hour,  aud  the  other  at  42.38  miles  per  hour.  In  the  tirst  the 
lever  was  down  in  the  corner,  the  steam  pressure  170  lbs.,  the 
engine  making  50  revolutions  per  minute.  The  mean  effective 
pressure  in  the  high-pressure  cylinder  is  found  to  be  114  lbs.  ; 
in  the  low-pressure  C3diuder  it  is  48  lbs.  The  II. P.  developed 
was  190  in  the  high-pressure  and  2015  in  the  low-pressure  cylin- 
der, makiug  a  total  of  401,  thus  showing  that  the  equalization 
of  work  done  by  the  two  cylinders  is  practically  perfect,  the 
actual  variation  being  less  than  5  per  cent. 
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Tiik  last  supplement  of  the  Organ,  which  appeared  in  1893, 
contained  a  description  of  a  numoer  of  types  of  locomotives, 
passenger  and  freight  cars  which  have  been  put  Into  service 
during  recent  years  on  the  different  lines  of  the  German  Kail- 
way  Union.  We  select  from  this  work,  which  contains  a 
large  number  of  interesting  reports,  a  description  of  three 
express  engines,  two  of  which  differ  from  types  which  are  in 
general  use. 

Express  Locomotive  for  tfte  Bavarian  State  Railways. — These 
locomotives,  tig  1,  were  built  by  Mafci,  of  Munich,  in  1S*I  1 , 
for  four  wheels  coupled  at  the  back  with  a  bogie  truck  in 
front.  The  cylinders  and  steam-chests  are  outside  (lie  frames, 
and  the  distance  from  center  to  center  is  0  ft.  8  in.  The  boiler 
is  of  iron  and  the  lire  box  of  copper.  The  shell  is  formed  of 
three  sheets  with  an  average  diameter  of  4  ft.  7  in.  and  a 
thickness  of  .0  in.  The  transverse  and  longitudinal  seams  are 
double  riveted,  which   was  done  with  a  Tweddcll  hydraulic 


riveter.  The  iron  sheets  used  in  the  construction  of  the  boiler 
have  a  tensile  strength  of  51,200  lbs.  per  square  inch,  with  a 
minimum  elongation  of  18  per  cent.  At  a  service  pressure  of 
180  lbs.  per  square  inch  these  sheets  are  subjected  to  a  strain 
of  7,100  lbs.  in  the  full  and  9,700  lbs.  at  the  riveted  joints. 

The  thickness  of  the  tube  sheets  is  1  in.,  and  while  the 
crown  sheets  is  J  in.  aud  the  side  sheets  £  in.,  the  outside  shell 
of  the  fire-box  is  .7  in.  thick,  and  is  connected  to  the  crowu- 
sheet  by  stay-bolts  riveted  to  the  outside  and  provided  with 
nuts  under  the  crown  sheet  ;  the  two  rows  of  stay-bolts 
alongside  of  the  tube-sheet  are  so  arranged  as  to  permit  a  free 
expansion.  The  tubes  are  of  iron,  and  the  fire-box  is  provided 
with  an  arch  as  well  as  a  deflector  above  the  door,  which  is 
furnished  with  openings  allowing  air  to  be  admitted  into  the 
fire-box.  The  grate  is  divided  into  three  parts,  and  is  inclined 
toward  the  front  end.  Two  safety-valves  4.33  in.  in  diameter 
are  located  over  the  fire-box.  The  dry-pipe  is  in  a  dome 
placed  011  the  second  sheet  of  the  shell,  and  the  throttle-valve 
is  a  double  valve.  The  smoke-box  is  provided  with  a  spark- 
arrester  and  has  a  length 
of  3  ft.  Hi  in.,  and  is  pro- 
vided with  Adams's  vor- 
tex blast-pipe.  The  frames 
are  composed  of  four 
sheets  of  steel  1  in.  thick 
rigidly  stayed  together  by 
means  of  transverse  plates. 
The  spacing  of  the  sheets 
of  the  frame  is  less  at  the 
front  end  than  at  the  back, 
the  difference  being  2f  in., 
thus  permitting  a  lateral 
movement  of  the  bogie  ; 
this  latter  is  arranged  as  in 
the  engines  of  the  South- 
eastern Railway  of  Eng- 
land. The  boiler  rests  on 
two  coupled  axles  at  the 
back  by  means  of  two 
lateral  equalizing  levers 
outside  the  frames.  The 
Walschaert  valve-motion 
is  used.  The.  locomotive 
is  provided  with  the  ne- 
cessary apparatus  for 
heating  cars  with  steam  ; 
a  Petri  steam  indicator 
placed  over  the  running 
board  near  the  engineer. 
Nathan  oilers  are  used  for 
lubricating  the  cylinders  aud  valves.  The  tender  has  three 
axles  and  carries  27,120  lbs.  of  water  and  0  tons  of  coal.  In 
addition  to  the  Westinghouse  brake  it  is  also  provided  with 
the  Exeter  brake.  The  tender  wheels  have  a  diameter  of 
3  ft.  2J  in.     The  brake-shoes  work  on  each  side  of  the  six 
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In  the  other  cards  where  the  speed  was  higher  the  boiler 
pressure  was  155  lbs.,  the  cut-off  was  at  15  in.,  and  the 
engine  was  making  200  revolutions  per  minute,  with  a  mean 
effective  pressure  in  the  high-pressure  cylinder  of  04  lbs.  and 
20  lbs.  in  the  low  pressure,  developing  a  II.  P.  of  572  and  578  lbs. 
in  the  high  and  low-pressure  cylinders  respectively,  making  a 
total  of  1,150  II.  P.  The  variation  here,  it  will  be  seen,  was 
only  0  II. P.,  which  amounts  to  a  trifle  over  1  per  cent.  It  is 
interesting  to  note  the  saving  of  fuel  reported  iu  connection 
with  the  performances  of  this  locomotive,  which  runs  from  30 
to  35  per  cent.,  according  to  the  published  reports.  The  details 
of  the  tests  by  winch  this  saving  has  been  effected  are  not  at 
hand,  and  it  is  therefore  impossible  for  us  to  make  an  analysis 
of  them  to  determine  whether  the  whole  or  only  a  part  of  the 
actual  saving  was  due  to  the  compound  principle, 


wheels.  The  weight  of  the  tender  empty  is  13  tons,  and  in 
service  it  is  32  tons.  The  total  wheel-base  is  10  ft.  10  in. 
The  principal  dimensions  of  the  engine  are  as  follows  : 


Diameter  of  cylinders V      5' 

Stroke  of  pistons 2'      0" 

Diameter  of  driving-wheels 6'      r 

"        tl    cruck  wheels 3'      M1 1 

Center  to  center  of  truck-wheels 7'      -1. 

'      "  driving-wheels 8'     4J^" 

Total  wheel  base  of  engine.  21      lu\ 

Outside  diameter  of  tubes , \%~ 

Inside IX" 

Length  of  tubes 12'      9J«- 

Nuniber     "         '21s 

Heating  surface  in  tubes 1.308U  eq.  f t. 

"  tire  box lllfi1 

Total  heating  surface. 1.415         " 

Grate  area 23.68        " 

Boiler  pressure * 180  lbs.  per  sq.  ill. 

Weight  in  working  order  on  front  axle      ..   23,15211)8. 

11  '■      "   second  axle 24,1150    " 

"      "    third        "     30,870    " 

"      "         "  "      "    fourth     "     30,870    " 

Total  weight 108,642    " 

"       on  drivers til, 710    " 

Express  Locomotive  irilli  Lenta  Boiler,  for  the  Left  Bank  Rail- 
ways  of  tin  RJtine. — This  locomotive,  fig.  '-'.  was  built  in  1892 
by  the  llohen/.ollcrn  Works,  at  Dilsseldorf.  It  litis  four 
wheels  coupled  tit  the  back  with  a  bogie  iu  front.  There  are 
outside  cylinders  placed  horizontally  in  the  transverse  center 
line  of  the  bogie.  Outside  valve  gearing  of  the  Joy  system  is 
used. 

The  frames  are  formed  of  two  plates  1  in.  thick  stayed  to- 
gether by  transverse  plates,  anil  along  the  whole  length  of  the 
frames  by  a  horizontal  sheet  riveted  along  (he  centerof  tic 
main  frame  pieces. 
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The  boiler  rests  at  the  front  end  upon  a  bogie  like  that  used 
upon  the  Italian  express  locomotives  of  the  Mediterranean 
Railway.  The  pivot  and  the  piston  which  rests  upon  it  are 
of  cast  steel  ;  spiral  springs  are  used  placed  on  outside  of  the 
bogie,  and  which  resist  a  forward  motion  of  the  engine,  yet 
the  inclined  equalizers  permitting  a  lateral  movement  of  the 
bogie.  These  equalizers  are  arranged  so  us  to  lake  up  tin 
movement  and  lateral  pressure  which  result  when  linn- is  no 
play  between  the  rail  and  the  flange  of  the  wheel. 

On  roads  of  Lateral  movement.  Lateral  pressure. 
3.2S0  ft.                                 *i  in.  1"3  11js>. 

981  "  lift.  8.778    " 

590  "  1  ft.  8  In.  4,432    " 

The  boiler  is  formed  of  three  sheets  .7  in.  thick.  The  center 
one  is  cylindrical  with  a  diameter  of  5  ft.  4}  in.  The  front 
and  back  ones  are  conical,  with  a  diameter  at  the  extreme  ends 
of  4  ft.  1  in.  and  4  ft.  lj  in.;  the  back  is.  furthermore,  inclined 
to  the  center  line  of  the  toiler.  There  are  no  longitudinal 
seams,  the  sheets  being  welded.  The  smoke  box  is  fastened 
to  the  frame,  and  the  boiler  rests  at  the  back  end  upon  two 
lateral  bars  fastened  to  the  frames.  A  pivot  placed  in  tin 
center  below  the  fire-box  resisls  all  movement  of  the  boiler. 
The  corrugated  fire-box,  which  occupies  the  back  sheet  and 
the  greater  part  of  that  in  front  of  it,  has  an  inside  diameter 
of  3  ft.  71  in.  and  an  outside  diameter  of  3  ft.  114;  in.  The 
grate  is  horizontal  and  in  two  parts  :  its  length  is  6  ft.  10  in. 
It  rests  at  the  front  end  upon  a  stay  of  cast  iron  surrounded 
by  fire-brick,  and  in  front  of  this  stay  is  the  combustion  chain 
tor  where  the  gases  are  burned.  The  fire-box  tube-sheet  car- 
ries the  whole  strain  of  the  expansion  of  the  fire-box  and  the 
tubes  ;  it  is  only  i  in.  thick.  The  tender  carries  3.900  galls. 
of  water  and  5  tons  of  coal. 

The  principal  dimensions  of  the  engine  are  as  follows  : 

Diameter  of  cylinders  1'      5' 

Stroke  of  pistons 2'      0" 

Diameter  of  driving-wheels 6'      5^' 

"    truck-wheels  3'     2W 

Center  to  center  of  truck-wheels 6       6 

'       "  driving-wheels 7'   10^4' 

Total  wheel  base 81 

Outside  diameter  of  tnbes 1.8* 

Inside  "         "      "     1.6' 

Length  of  tubes 9'      6" 

Number    " 241 

Heating  surface  of  tnbes  1.003  sq  ft. 

fire-box 119 

Total  heating  surface I.12S 

Grate  area 21K- 

Boiler  pressure 210  1b-   persq.in. 

Weight  in  working  order,  front  ax)e 33,700 

"        second  axle 88,700    " 

•'      "         -  "       third  axle  33.070    " 

fourth  ■■   88,1 

Total  weight 113,510    " 

*'       "       on  drivers 66.140    " 

Weight  when  empty 100,212    " 

Express)  Locomotive  for  the    \\'iir/,<  ? ait    'Railways. — 

This  locomotive,  built  by  the  Saciete  Cockerill,  of  Seraiug.  in 
1892,  is  intended  to  haul  trains  weighing  150  ions  up  continu- 
ous grades  of  10  per  cent,  at  a  speed  of  37  miles  per  hour. 

The  frames  are  inside  and  the  engine  rests  upon  the  two 
coupled  driving-axles,  which  are  placed  between  two  carrying- 
axles,  one  of  which  is  at  the  front  and  the  other  at  the  back 
beneath  the  fire-box.  These  two  latter  axles  are  radial,  so 
that  the  engines  can  run  over  curves  of  490  ft.  radius.  Fig.  3 
shows  the  arrangement  which  permits  this  radial  axle  ;  a  con- 
necting rod  a  is  attached  to  each  axle  at  the  points  b  and  c  by 
vertical  levers  d, g  and  e  f.  which  turn  about  the  fixed  points 
(I  aud  e  ;  one  rod,/#,  is  fastened  to  the  back  end  of  each  of 
these  back  levers,  and  when  one  of  the  axles  becomes  radial 
its  conjugate  takes  the  same  position.  The  same  arrangement 
exists  on  each  side  of  the  engine.  The  connection  ;//' is  pro- 
longed to  o,  where  it  is  fastened  to  the  lever  o  p  m  ;  this  lever 
is  fastened  at  m  to  a  horizontal  equalizing  lever  //<  I  n,  which 
turns  about  the  fixed  point  I  while  its  end  is  fastened  to  the 
tender.  It  thus  assumes  an  oblique  position  relatively  to  the 
locomotive  ;  the  equalizing  lever  turns  about  the  point  I.  and 
in  consequence  of  the  position  taken  by  the  points  in  m,  the 
axles  assume  a  radial  position. 

The  boiler  is  of  mild  steel,  having  the  maximum  resistance 
of  64,000  lbs.  per  square  inch  and  a  minimum  resistance  of 
54.000  lbs.  per  square  inch,  with  an  elongation  of  25  |>"r  cent., 
and  has  been  calculated  for  a  workins  pressure  of  335  lbs. 
per  square  inch  ;  it  has  been  tested  to  355  Hi?.,  but  in  regular 
service  the  pressure  is  only  180  lbs.  The  crown-sheet  is 
strengthened  with  stay-bolts.  The  boiler  is  prolonged  at  tin- 
front  end  by  a  smoke  box  having  a  leiiL'th  of  Oft.  The  en- 
gine has  three  cylinders  of  the  same  diameter,  which  can  '«• 
made  to  work  either  compound  it  in  the  ordinary  way.  For 
this  purpose  a  steam-chest  receiving  the  steam  directly  from 


the  boiler  is  placed  above  the  center 'cylinder.    According  to 

the  position  occupied  by  a  valve  placed  in  this  box,  the  steam 
from  the  boiler  enters  the  second  cylinder,  and  thence  through 
an  intermediate  receiver  it  passes  into  the  side  cylinders, 
where  it  expands  ami  finally  escapes  through  the  exhaust.  By 
reversing  the  position  of  the  valve  in  this  distributing  ehest 
the  steam  from  the  boiler  enters  the  intermediate  receiver 
directly,  and  thence  passes  into  each  of  the  lateral  cylinders 

and  also  into  the  center  cylinder,  whence  it  escapes  into  the 
atmosphere  ;  the  locomotive  is  then  working  as  a  non-com 
pound.  For  the  sake  of  obtaining  an  equal  amount  of  woi  k 
in  the  side  cylinders  while  working  compound,  a  valve  Which 
Ms  the  pressure  in  the  outside  cylinders  from  exceeding 
half  of  that  of  the  center  cylinder  is  used.  The  side  cylinders 
are  outside  and  arc  provided  with  Ailed  valves  ;  the  center 
cylinder  has  a  Walschaert  valve  gear  ;  the  three  cylinders 
drive  the  same  axle,  which  is  the  forward  driving-axle.  The 
following  are  the  principal  dimensions  : 

Diameter  of  cylind>*is 1       i'-j 

Stroke  of  pistons r    10" 

Diameter  of  driving-wheels '■ 

"    track  wheels.  .  ■'■ 

from  center  to  center  of  driving-wheels         ...  7 

Total  wheel  base 19' 

Outside  diameter  of  tnbes 1%' 

Inside  "  "      "     1 

Length  of  tubes 1!        1 

NumV.er     " 250 

Heating  surface  in  tnbes 1.490SO,.  ft 

"firebox 103     " 

Total  heating  surface 1593 

Grate  area 21 

Boiler  pressure 180  lh«.  per  sq.  in. 

Weight  in  working  order,  front  axle 2S.670  lbs. 

•'       Becondaxle. 30.434   " 

"      third  axle        30.434   " 

"      fourth  axle 29.99;  " 

Total  weight 119,5301bs. 

Weight  on  driven    .  90,M0  " 

mpt)  105,217  " 


TRANSPORTATION  OF  A  TORPEDO  BOAT  FROM 
TOULON  TO  CHERBOURG. 


By  M.  Paktiot. 


The  possibility  of  effecting  a  passage  of  ;i  torpedo  boat  ov<  r 

the  railways  having  been  determined,  I  thought  that  it  would 
be  well  to  inform  the  quartermaster  at  the  Navy  Department 
so  that  if  lie  wished  to  avail  himself  of  this 
method  of  transportation,  I  could  pot  myself  at  ids  disposal 
in  order  lo  make  the  test.  Admiral  Aube,  who  was  at  that 
lime  Minister,  directed  the  quartermaster  to  instruct  me  lo 
rirrv  out  this  affair,  and  examine  into  the  transportation  of  a 
torpedo  boat  having  a  length  of  108  tt.  :'.  in.  from  Cherbourg 
to  Toulon.  I  then  transmitted  officially  the  schedule  of  my 
first  invesligations  to  the  Minister  of  Public  Works,  who  trans- 
mitted them  to  his  colleasue.  I  forwarded  one  to  the  direct- 
ors of  the  Paris,  Lyons  &  Mediterranean  Company  and  to  their 
staff,  and  received  from  them  their  assurances  of  the  utmost 
assistance  in  the  difficult  task  which  I  had  undertaken  in  the 
interest  of  national  defense.  There  st ill  remained,  however, 
some  questions  to  solve,  and  they  gave  rise  to  long  and  care- 
ful examinations. 

The  Navy  Department  had  first  to  make  an  examination  to 
si  e  whether,  when  a  torpedo  boat  was  vet  upon  two  trucks, 
with  its  ends  overhanging  ;>><>  ft.  5  in.  from  the  cradles,  the 
-  would  not  be  too  thin  to  sustain  it  in  this  position,  as 
well  as  lo  withstand  the  shocks  of  transportation  without 
being  deformed,  and  especially  without  cracking.  This  ex- 
amination was  made  by  the  naval  engineers,  who  decided  that 
the  sheets  would  onlv  have  to  carry,  with  this  method  of  load- 
in  Lr,  a  strain  which  was  very  much  less  than  their  tensile 
strength.  Nevertheless,  experience  was  the  only  thing  that 
could  determine  definitely  regarding  the  dangers  "f  oscilla- 
tions which  might  occur  en  route.  It  then  became  necessary 
to  choose  a  convenient  route.  This  was  done  by  the  railway 
companies.  They  preferably  chose  single-track  roads,  be- 
cause the  passage  could  then  be  made  without  any  passings, 
atel  the  breadth  of  the  load  was  not  limited  by  half  the  breadth 
and  the  narrow  distance  between  the  rails. 

Furthermore,  the  maintenance  of  the  track  sometimes  re- 
quires the  ties  to  be  raised  when  the  normal  height  of  the 
rails  is  not  the  same  as  that  indicated  by  the  maps  in  the  neigh- 
borhood of  permanent  structures,  aud  the  clear  space  between 
the  structures  anil  the  oulsidc  rail  might  possibly  have  been 
diminished.      Finally,  on   curves,    the   track   tends  to  be  dis- 
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Fig.   I. 
;express  locomotive  for  the  bavarian  state  jrailw ays.? 
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Fig.'2. 
EXPRESS  LOCOMOTIVE  WITH  THE  LENTZ  STAYLESS  BOILER,   FOR  THE  RAILWAYS  ON  THB  LEFT  BANK  OF  THE  RHINE. 
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placed  by  the  passage  of  rapid  trains,  so  that  it  might  possibly 
come  nearer  obstructions  which  stand  alongside  the  track.  In 
order  to  make  certain  of  the  possibility  of  the  passage  of  a 
torpedo  boat,  and  determine  what  work  was  necessary  to  be 
done  in  order  to  accomplish  it.  the  companies  had  a  car  run 
over  the  route  which  had  projections  upon  it  that  represented 


effected  even  in  the  old  line  from  Mezidon  to  Mans  were  very 
slight  indei 

A-  the  method  of  •    torpedo  boat  upon  its  buck 

might  lead  to  serious  accident,  either  to  the  boat  itself  or  to 
the  truck,  the  railroad  company  stipulated  that  the  conse- 
quences thereof  should  lie  at  the  expense  of  the  Navy  Ik-part- 


Figs     1,  2,  and  3 
SPECIAL  CAR  FOE  TRANSPORTING  TORPEDO  BOATS. 


the  most  prominent  parts  of  the  boat  and  its  hull.     This  con- 
tour model,  shown  in   Gg   9,  ,  -ion   f,t   plank- 
fixed  at  tin-  back  end  of  a  hraki   van.  and  boarded  by  a  double 
fringe  of  lead  stems  having  a  length  of  from  2  in.  to  4  in. 
1h.-  contact  of  the  wall-  of  Un    permai  ure  or  ob- 
stacles of  that  kind  would  show  ti.                     v  the  brea 
of  the  model  or  the                    f  the  shoulder  or  angle  stems 
Tuf>-                                      i  two  or  three  times,  and 
results  were  obtained  therefrom.     The  changes  that  had  I 


mint.  It  agreed  to  have  the  train  accompanied  by  competent 
sentatives,  who  should  verify  the  load  along  the  route 
and  readjust  it  whenever  the  necessity  should  aris<  The 
-portation  was  made  by  a  special  train.  The  running 
:  was  limited  to  1",-  miles  per  hour  on  a  straight  line  and 
miles  at  most  in  case  of  delav.     Ti..  it  stations 

•o  be  made  only  at  a  foot  pace.  The  expense  of  trans- 
portation was  fixed  at  S  cents  per  ton  per  mile  plus  s  cents 
per  ton  for  the  right  of  wav,  with  a  minimum  of  $1  per  mile 


Fig-  4- 
CROSS-SECTION  OF  CRADLE  FOR  CARRYING  TOKPEDO  BOAT. 
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ST.  ANDREW'S  CROSS   USED   FOR  STATING  INTERIOR  OF 
TORPEDO   JSOAT  WHILE  IN   SLINGS. 
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Figs    5  and  6. 

METHOD    OF   ADJUSTING    >LING9   ABOUT   TOKPEDO    B04(PVH1KkTN O    AND    i'l.ACl.N'O    UN;  CAK 
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run  by  the  special  train.  These  VlilTerent/;onditions  having  been 
agreed  upon  by  the  railway  companies,  the  Minister  of  Marine 
made  a  contract  with  the  Crensot  Company  for  the  manufac- 
ture of  the  trucks.  The  material  ordered"  consisted  of  two 
bogie  trucks  of  three  axles  each,  with  two  cradles  or  racks 
for  carrying  the  torpedo  boat  to  be  placed  upon  them.  A 
special  car  was  made  to  carry  the  sternpost  of  the  boat  with 
two  flexible  hauling  chains.  The  Creusot  engineers,  under 
the  direction  of  the  Navy  Department,  made  a  careful  exami- 
nation as  to  the  best  method  of  constructing  these  trucks.  It 
was  originally  intended  that  they  should  be  built  of  wood  and 
iron.  The  wooden  cradles  were  to  turn  in  arcs  of  a  circle 
made  of  iron  resting  upon  the  bolster  of  a  truck,  just  as  long 
timbers  are  now  carried  on  cars.  The  trucks  and  cradles  as 
finally  built  were  made  entirely  of  metal,  as  shown  in  figs.  1 
to  4  ;  the  angle  which  the  cradle  could  describe  was  very 
small,  and  iron  was  replaced  by  four  elliptical  supports  made 
of  bronze,  including  a  portion  of  the  same  arcs  of  a  circle  ;  the 
cradle  rested  upon  a  bogie  by  spherical  bearing  of  the  same 
metal  sliding  upon  the  oiletl  surfaces  of  these  supports.  The 
principle  of  dropping  the  side  beams  of  the  truck  down  between 
the  axles  in  order  to  lessen  the  height  of  the  torpedo  boat  from 
the  rail  was  employed.  Tender-axles  were  used  for  the  wheels. 
The  bearings  of  outside  axles  were  furnished  with  radial  boxes 
on  the  inclined  plane  principally  to  facilitate  the  passage 
around  curves  of  short  radius.  The  torpedo  boat  rested  upon 
a  cradle  through  wooden  liners  packed  with  oiled  waste.  The 
trucks  were  made  to  carry  20  tons  each,  and  were  delivered 
and  tested  under  such  a  load,  but  later,  in  consequence  of  the 
examination  into  the  subject  by  the  Paris,  Lyons  &  Mediter- 
ranean Company,  it  was  thought  that  they  could  carry  the 
25  tons  very  readily. 

It  was  found  that  in  order  to  transport  the  torpedo  boat,  it 
was  very  essential  that  the  sternpost,  which  carries  the  rudder 


FT  * 


also  a  similar  one  at  Brest,  but  of  a  still  larger  capacity.  This 
crane  has,  as  we  have  already  said,  a  capacity  of  160  tons,  an 
outline  of  which  is  given  in  a  small  engraving,  and  its  gen- 
eral appearance  is  clearly  shown  on  the  full-page  reproduction 
from  a  photograph  taken  at  the  time  when  it'was  lifting  the 
torpedo  boat  from  the  water.  It  is  built  upon  the  quay  of 
Missiessy,  where  it  handles  enormous  weights  in  the  form  of 
the  heavy  guns  that  are  presented  for  installation  in  the  bat- 
teries  of  modern  vessels  of  war.  This  crane  was  built  by  Bon 
&  Luestromont,  and,  like  the  one  at  Chatham,  has  a  peculiar 
characteristic  of  using  water  under  pressure  instead  of  a  chain 
as  a  means  of  transmitting  power  from  the  steam-engine  to 
the  hook  intended  to  lift  the  weight. 

It  is  composed  of  an  iron  skeleton  forming  an  articulated 
system,  and  composed  of  a  jib  made  of  two  backstays,  tie 
beams  and  braces  which  are  required  to  hold  the  jib.and  a 
horizontal  platform  upon  which  the  balancing  counterweight, 
the  boiler  and  engines  are  placed. 

The  crane  turns  about  an  iron  pivot  fastened  to  a  cast  iron 
plate  embedded  in  the  masonry,  which  is,  in  turn,  supported 
by  250  piles.  It  turns  on  a  circle  of  loose  rollers,  which  in 
turn  roll  over  a  circular  track.  The  loads  are  lifted  directly 
by  a  piston,  which  moves  in  a  vertical  cylinder  located  at  the 
head  of  the  jib.  The  piston  is  driven  by  means  of  water  un- 
der pressure  of  1,400  lbs.  per  squaie  inch,  which  is  furnished 
by  a  24  H.P.  steam  engine  coupled  directly  to  three  pumps 
and  fed  by  a  boiler  working  under  a  pressure  of  85  lbs.  per 
square  inch,  having  323  sq.  ft.  of  healing  surface.  The  de- 
livery pipes  from  the  pumps  are  in  communication  with  an. 
accumulator  formed  of  a  cylinder,  in  which  a  piston  carrying 
a  charging  load  moves,  and  which  is  so  adjusted  that  tbi 
ton  rises  when  the  water  pressure  reaches  1,400  lbs.  per  square 
inch.  Before  reaching  the  upper  limit  of  its  stroke,  the  ac- 
cumulator automatically   moves   a   tappet   which   closes  the 


Fig.  8. 
OUTLINE  OF  TORPEDO  BOAT  IN  POSITION  ON  TRUCKS. 


and  surrounds  the  screw,  should  be  carefully  supported,  as  it 
could  not  be  removed  without  injuring  the  strength  of  the 
vessel.  The  result  of  this  was  that  it  was  found  necessary  to 
build  a  special  car  composed  of  a  framework  carried  on  wheels 
and  across  which  the  sternpost  could  move  on  curves.  The 
special  car,  an  engraving  of  which  is  shown  in  figs.  1  to  4, 
was  designed  at  Creusot.  The  plans  for  this  material  being 
approved  by  the  Minister  of  Marine,  after  having  been  sub- 
jected to  the  approval  of  the  engineers  of  the  department, 
were  sent  to  me.  The  expense  of  the  material  was  $6,137  and 
is  the  property  of  the  State,  and  will  be  used  for  any  trans- 
portations of  this  kind  that  may  be  required  in  the  future. 
The  engineers  of  the  Xavy  Department  also  investigated  as 
to  the  best  means  of  loading  torpedo  boats  upon  this  new  de- 
vice. They  agreed  upon  the  me  hod  shown  in  figs.  10  and  12, 
which  was  used  at  Toulon.  The  boat,  strengthened  on  the 
inside  by  a  St.  Andrew's  cross,  was  surrounded  by  eight  slings 
or  bands,  all  of  ropes,  the  upper  part  of  which  passed  over  a 
long  boom  parallel  to  the  center  line  of  the  torpedo  boat.  This 
boom  was  fastened  by  eight  balancing  lines  of  wire  rope  to 
the  hook  of  an  hydraulic  crane.  The  horizontal  stays  placed 
above  the  boat  at  each  sling  prevented  the  two  sides  from 
crowding  in  and  crushing  the  boat.  The  same  system  was 
used  at  Cherbourg  for  lowering  it  into  the  water,  but  the 
number  of  suspension  lines  was  reduced  to  six.  The  Xavy 
Department  has  the  necessary  cranes  at  Cherbourg  and  Toulon 
for  raising  a  small  boat,  and  all  of  the  other  necessary  arrange- 
ments for  lifting. 

In  the  April  issue  of  the  The  American  Engineer  and 
Railboad  Journal  a  description  and  engraving  of  the  160  ton 
crane,  which  is  in  use  at  Her  Majesty's  Dockyard,  at  Chatham, 
England,  was  published.  The  crane  which  was  used  for  hoist- 
ing the  torpedo  boat  out  of  the  water  at  Toulon  and  placing 
it  on  the  trucks  has  the  same  rapacity,  and  has  been  in  opera- 
tion at  the  arsenal  of  Toulon  for  the  "past  ten  years.     There  is 


steam-pipe  to  the  engine  cylinders.  The  crane  is  also  pro- 
vided with  a  turning  pivot  and  a  hauling  capstan  moved  by 
a  small  hydraulic  engine,  friction  clutches  permitting  it  to 
work  in  every  direction.  Finally,  weights  of  less  than  22,050 
lbs.  are  raised  by  means  of  a  chain  passing  over  a  pulley  fixed 
at  the  head  of  the  jib  and  driven  by  a  special  hydraulic  pis- 
ton. This  piston  is  so  geared  that  a  stroke  of  3.28  ft.  pro- 
duces a  lift  of  19.68  ft.  at  the  hook.  The  expense  of  the  crane 
was  about  $39,900.  of  which  $6,650  were  for  the  foundation. 
This  apparatus  has  always  worked  perfectly  since  it  was  first 
put  in  service,  and  is  considered  a  worthy  example  of  French 
:  engineering  construction. 

Everything  being  ready,  the  Minister  of  Marine  chose  a 
torpedo  boat  of  108  ft.  3  in.  in  length  for  the  trial.  It  being 
at  Toulon,  it  was  decided  thai  the  transpoilation  should  take 
place  in  the  opposite  direction — that  is  to  s;ty.  from  Toulon 
to  Cherbourg.  The  torpedo  boat  No.  71.  of  10s  ft.  3  in  .  was 
I  built  in  Havre,  by  Xormand,  and  was  under  the  command  of 
j  a  Lieutenant  Baehmes.  The  material  built  at  Creusot  was 
!  to  Toulon.  The  setting  upon  the  trucks  was  accomplished 
without  any  difficulty.  ~  The  l>eam,  hung  from  a  bvdraulic 
crane,  was  lowered  to  a  point  over  the  boat.  Each  sling  was 
composed  of  a  rope  passing  eight  times  around  the  boom, 
being  carried  under  the  vessel  by  two  divers.  These  slings 
were  almost  exactly  like  rigid  connections,  and  the  lifting  of 
the  boat  on  to  the  trucks  was  accomplished  without  any  diffi- 
cult}". Finally,  to  make  sure  that  the  overhang  should  not 
bend,  and,  in  any  case,  in  order  to  determine  the  limits  of 
deformation  which  might  l>e  produced,  the  boat  was  left  for 
40  hours  simply  resting  in  its  cradles  and  without  any  other 
support.  It  was  found  at  the  end  of  that  time  that  the 
showed  no  signs  of  straining.  The  Paris.  Lyons  >t  Mediter- 
ranean Company  having  verified  the  load,  remarked  that  the 
center  of  gravity  of  the  boat  not  being  in  the  center, 
length    was  therefore  not  an  equal  distance  from  the  two 
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trucks,  so  that  the  weight  carried  by  each  of  them  was  not 
the  same.  One  of  the  trucks  carried  11  tons,  the  other  '27  tons, 
which  made  12.8  tons  per  axle  for  this  truck,  including  its  own 
weight  and  that  of  the  cradle.  To  equalize  tin-  load  and  raise 
that,  of  one  of  the  trucks  to  20  tons,  the  maximum  calculated 
by  the  ('rcusot  Company  for  the  aide  beams,  it  was  necessary 

to  shift  the  torpedo  boat  5  ft.  10*  in.  ahead. 
The  overhang  at  the  front  end  then  became 
42  ft.  10J  in-  The  change  in  the  direction  of 
the  route  compelled  the  Paris,  Lyons  &  Med- 
iterranean'Company  to  run  the  contour  car 
over  the  line  which  the  torpedo  boat  was  to 
traverse.  This  second  experiment  merely  con- 
firmed the  results  which  had  already  been  ob- 
tained. Finally  the  Navy  Department  was 
compelled  to  enlarge  the  entrance  gate  to  the 
Cherbourg  arsenal,  and  to  pierce  the  interior 
wall  and  to  modify  the  track  beyond  this  wall 
in  order  to  prepare  for  the  passage  of  a  curve 
of  459  ft.  radius.  The  first  movement  was 
made  from  the  arsenal  to  the  Polytechnic 
School  of  Toulon.  The  curve  of  small  radius 
surrounding  the  basin  was  passed  success- 
fully, and  the  return  by  backing  was  made 
without  any  difficulty. 

Then  a  trip  was  made  as  a  preliminary  test 
between  Toulon  and  La  Ciotat,  which  was 
about  18}  miles  distant.  The  train  ran  first 
from  the  arsenal  to  Seyue,  made  a  turn  about 
the  dock,  running  along  curves  of  492  ft. 
radius,  and  then  ran  toward  La  Ciotat  and 
came  back  without  any  difficulty  into  Toulon. 
The  carrying  of  the  torpedo  boat  was  per 
feet  in  every  particular,  and  the  oscillations  to 
which  it  was  subjected  did  not  cause  the 
slightest  trouble.  One  of  the  axles  of  the 
truck  heated  considerably  on  the  run,  but  this 
very  frequently  occurs  when  new  material  is 
used  for  the  first  time  under  a  very  heavy 
load.  The  special  train  passed  another  train 
while  running  without  any  trouble.  The  test 
was  perfectly  successful  from  a  technical 
standpoint.  Finally  a  serious  accident  oc- 
curred on  leaving  the  arsenal  at  La  Seyne. 
Iuspector  Bonnemain,  who  was  on  the  tor- 
pedo boat,  was  thrown  upon  the  track  by  telegraph  wires,  and 
had  his  foot  ciushed  by  the  wheels  of  one  of  the  cars,  so  that 
an  amputation  of  the  leg  was  necessary. 

The  route  to  be  followed  from  Toulon  to  Cherbourg  had 
been  laid  down  by  the  railroad  companies,  who  had  agreed  to 
the  running  of  the  train  over  their  lines.  The  line  chosen  ran 
by  way  of  Marseilles,  Tarascon,  Remoulin,  Pont  -Saint- Esprit, 
Peyraud,  Firminy,  Montbrison,  Thiers  and  Moulins,  on  the 


no  stop  which  would  necessitate  a  night  service  under  certain 
parts  of  the  road.  The  start  from  Toulon  was  fixed  at  6.30  in 
the  morning  of  the  first  day,  and  the  arrival  at  Cherbourg 
would  have  been  at  7.45  on  the  evening  of  the  third  day,  the 
duration  of  the  run  being  61  hours,  51  minutes.  The  second 
schedule  was  laid  out  with  the  idea  that  the  train  should  stop 


Fig.   ii. 
OOTI.INE  DIAGRAM   OF  ('KANE 

Paris,  Lyons  &  Mediterranean  line  .  by  way  of  Montlucon, 
Vierzon,  Tours,  Le  Mans  over  tie  Orleans  Railway;  and 
Mezidon  and  Caen  on  the  Western  Road.  The  total  distance 
U'tween  is  848  miles.  The  runniiiLr  of  the  train  at  the  rate  of 
15}  miles  an  hour  at  the  maximum  was  calculated  under  two 
hypotheses  ;  the  first  took  it  for  granted  that  there  would  be 


Fig.  io. 
DIAGRAM   SHOWING   LIFT  OF  CRANE  REQUIRED   FOR  TORPEDO  BOAT. 


every  evening  and  should  not  travel  at  night.  The  start  from 
Toulon  was  also  placed  at  6.30  on  the  morning  of  the  first 
day,  but  the  arrival  at  Cherbourg  would  not  occur  until  7.54 
on  the  evening  of  the  seventh  day,  after  a  trip  of  157  hours 
and  24  minutes.  Although  the  duration  of  the  trip  was  length- 
ened by  96  hours,  9  minutes,  or  four  days,  the  Navy  Depart- 
ment preferred  the  second  itinerary,  on  account  of  the  care 
which  would  have  been  necessary  for  the  first  trial,  as  well  as 
for  the  watchfulness  which  would  have  been  necessarily  in- 
curred along  the  line  and  the  saving  of  night  work.  It  was 
understood  definitely  with  all  of  the  companies  lhat  the  pas- 
senger service  on  all  of  their  roads  should  not  be  modified, 
and  that  the  special  trip  train  should  await  their  passage,  but 
that,  on  the  other  hand,  the  freight  train  should  wait  for  it. 

A  new  verification  of  permanent  structures  along  the  line 
from  Mans  to  Mezidon  caused  the  Western  Company  to  ask 
that  the  guard  rails  and  engine-room  projections  should  be  re- 
moved from  the  torpedo  boat.  The  lead  stems  forming  the 
fringe  of  the  contour  car  had  touched  a  tunnel,  and  14  per- 
manent structures  and  the  planking  showed  that  the  projec- 
tions of  the  engine  would  have  scraped  the  posts  of  six  others 
and  been  brokeu.  The  lateral  projections  had  touched  cer- 
tain loaded  cars  and  even  the  lanterns  of  trains  that  had  been 
passed.  The  work  demanded  was  done,  but  it  caused  a  great 
deal  of  difficulty,  especially  when  it  came  to  the  matter  of  the 
angle  irons  holding  the  guard-rails  ;  these  angle  irons  were 
riveted  to  the  main  scantlings  on  the  inside  of  the  boat,  and 
to  detach  them  involved  considerable  work,  especially  in  the 
water-tight  partitions.  Finally,  at  Toulon,  a  loading  model 
with  a  contour  of  planks  of  the  same  kind  as  that  used  upon 
the  railroads  was  placed  in  the  arsenal,  and  it  permitted  the 
train  to  pass  without  any  accident. 

The  final  composition  of  the  train  included  an  engine  and 
Lender,  a  brake  van  for  the  conductor,  a  tool  car,  a  passenger 
car,  and  a  car  for  assistants  ;  two  platform  cars  without  any 
side  bars  served  as  sustaining  cars  under  the  front  end  of  the 
boat.  They  were  attached  to  the  two  trucks  and  to  the  special 
car  built  for  the  Bternpost.  The  latter  was  followed  by  a 
1  tool  car,  and  a  brake  van  was  used  for  a  lookout. 
From  the  ear  occupied  by  the  assistants  all  the  movements  of 
the  torpedo  boat  were  watched,  and  especially  the  oscillations 
of  its  overhang.     One  of  the  tool  cars  contained  the  armament 
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of  the  boat,  and  the  other  the  conning  tower,  smoke  stacks, 
and  those  parts  of  the  boat  which  had  been  taken  down  for 
transportation.  Everything  being  thus  prepared,  the  attempt 
at  transportation  having  been  made  to  La  Ciotat,  the  train  left 
Toulon  for  Cherbourg  at  22  minutes  past  6  in  the  morning. 
During  the  trip  each  company  sent  a  section  man  with  the 


Fig.  9. 

CONTOUR  CAR  FOR  TESTING  CLEARANCES  OF  PERMANENT  STRUCTURES 


train,  as  well  as  a  general  inspector  and  a  representative  from 
the  locomotive  department.  Xo  accident  occurred  on  the 
route,  although  the  axles  of  some  of  the  trucks  heated,  and 
one  especially  so,  but  not  to  such  a  degree  as  to  hinder  the 
transportation  nor  to  cause  any  delay  in  the  running  of  the 
train.  The  heated  axle  was  cooled  by  putting  a  mixture  of 
oil  and  flour  of  sulphur  in  the  oil-box.  The  total  amount  of 
the  oscillations  of  the  front  end  of  the  overhang  did  not  exceed 
from  4  in.  to  6  in.  Between  Tours  and  Le  Mans  the  main- 
tenance department  of  the  Orleans  Railway  lowered  the  track 
considerablv,  without  which  this  work  would  have  incurred 
further  difficulties.  Also  some  disks  and  other  permanent 
rures  had  been  removed  as  the  necessities  have  indicated. 

-  irting  from  Le  Mans,  the  two  lead  stems  which  corre- 
sponded to  the  projections  of  the  angle  irons  holding  the 
guard-rail  of  the  torpedo  boat  passed  everything  without 
touching  it.  The  wood  of  these  guard-rails  having  been  taken 
off  for  the  trip,  it  liecame  important  to  demonstrate  the  possi- 
bility of  maintaining  the  angle  irons  in  place  without  taking 
them  down,  as  the  replacing  them  would  necessarily  involve 
considerable  work.  It  was  also  seen  that  the  track  would 
admit  of  a  greater  breadth  than  that  of  the  torpedo  boat  of 
108  ft.  4  in.  in  length.  Between  Dissay  and  Le  Mans  and 
between  Carentan  and  Cherbourg  the  speed  was  increased 
without  any  trouble  to  21f,  and  even  25  miles  per  hour.  Dur- 
ing the  run  the  train  stopped  at  Pont-Saint-Esprit,  Firminy, 
M'  alins,  Saint-Armand,  Tours  and  Argentan.  The  torpedo 
boat  had  then  passed  the  Auvergne  Mountains.  From  all 
parts  the  people  collected  along  the  line  of  the  road  to  see  a 
war  vessel,  and  one  of  such  recent  invention,  passing  over 
France  on  a  railway.  Those  who  took  part  in  the  trip  will 
never  forget  the  interest  and  the  curiosity  which  everywhere 
centered  about  this  strange  object.  The  torpedo-boat  train 
reached  the  Cherbourg  station  on  September  2  at  7.50  p.m. 

In  the  morning  of  September  3  the  train,  which  had  been 
standing  in  a  station  on  a  special  side  track,  was  run  into  the 
Cherbourg  arsenal,  where  everything  was  ready  for  setting 
the  vessef  in  the  water,  but  the  rivet  holes  of  the  guard-rails 
did  not  permit  this  work  to  be  done  at  once,  and  it  was  here 
found  that  the  whole  had  been  subjected  to  no  strain  and  had 
incurred  no  alteration  during  the  tiip. 

Immediate  attention  was  then  paid  to  the  rearmament,  but 
the  riveting  and  relocation  of  the  guard-rails  required  some 
time,  and  the  vessel  was  not  in  the  water  again  till  September 
12.  Tin's  was  merely  a  repetition  of  the  operation  of  setting 
it  on  the  trucks.  The  commission  which  had  charge  of  the 
torpedo  boats  and  took  control  of  the  test  stated  that  it  had 
lost  nothing  in  speed,  and  that  its  hull,  boilei,  engines,  and 
military  apparatus  had  suffered  in  no  way  by  this  transporta 
tion  over  the  railroad.     The  torpedoes  alone  were  slightly  out 


of  order,  but  this  disadvantage  was  not  a  serious  one,  and  the 
boat  on  its  arrival  was  equipped  with  torpedoes  that  were 
already  prepared.  It  must  be  remarked  that  those  which  had 
come  from  Toulon  were  in  boxes  placed  in  one  of  the  brake 
vans  of  the  train,  and  their  disarrangement  did  not  at  all  de- 
pend on  the  movements  of  the  boat  during  the  trip. 

The  expense  of  work  preparatory  to  trans- 
portations of  this  kind  has  been  placed  at  $114 
per  boat  at  the  starting-point  and  at  the  point 
of  arrival.  In  addition  to  this,  $2,578.5  were 
paid  to  the  railway  companies.  The  amount 
which  they  received  was  just  about  equal  to 
their  disbursements.  The  time  of  preparation 
of  the  boat  for  transportation  and  rearmament 
was  about  20  days,  on  account  of  the  diffi- 
culties offered  by  taking  down  of  the  engine- 
room  projections,  and  especially  the  angle  irons 
holding  the  guard-rail.  It  is  possible  to  dimin- 
ish this  delay  very  considerably  by  keeping 
the  angle  irons,  the  guard-rails,  and  the  en- 
gine-room projections  in  place,  and  making  a 
few  modifications  in  overhead  work,  such  as 
the  stacks,  the  fastenings  of  the  conning  tow- 
er, and  other  deck  projections.  Lieutenant 
Baehmes  estimates  that  this  work  can  be  easily 
reduced  to  8i  days,  four  of  which  can  be  oc- 
cupied in  the  trip.  The  itinerary  laid  down  by 
the  railway  companies  showed  that  by  run- 
ning at  night  with  a  speed  of  only  154  miles 
per  hour,  the  trip  could  be  made  in  61  hours, 
or  24  days.  Thus  at  the  end  of  7  days  the 
vessel,  from  being  ready  to  go  to  sea  at  Toulon , 
would  be  ready  to  leave  Cherbourg  for  its  new 
destination. 

The  trial  has  therefore  been  very  success- 
ful, and  it  has  been  demonstrated  that  it 
is  possible  to  carry  torpedo  boats  having 
a  length  of  from  108  ft.  to  130  ft.,  over  a  run  of  848  miles 
without  any  trouble.  Their  transportation  from  Toulon  to 
Cherbourg,  including  disarmament  and  rearmament,  could 
be  accomplished  in  7  days,  while  the  voyage  by  sea  would 
require  20  days.  In  the  latter  they  encountered  all  kinds  of 
dangers,  especially  those  that  were  shown  to  exist  near  Cher- 
bourg on  March  22,  1889,  or  those  which  involved  the  loss  of 
L'Atnnt  Gun!,  on  the  shores  of  Portugal  in  February,  1890. 
Torpedo  boats  which  have  made  the  passage  by  way  of  Gibral- 
tar have  reached  port  with  their  hull  and  boilers  strained, 
requiring  extensive  repairs  ;  whereas  those  which  had  come 
over  by  rail  would  be  ready  to  go  into  service  at  once.  In 
case  of  war  the  trip  from  the  Mediterranean  to  the  ocean  or  to 
the  English  Channel  and  inversely  could  be  made  rapidly 
and  with  absolute  security.  Finally,  in  the  same  instance,  a 
torpedo  boat  would  be  delivered  at  any  point  reached  by  rail- 
ways where  a  track  of  standard  gauge  has  connections,  and 
the  Navy  Department  could  prepare  in  all  ports,  which  it 
would  consider  advisable,  inclined  planes  or  other  means  for 
placing  the  vessel  in  the  water  or  for  loading  it  upon  the 
trucks.  These  are  the  results  which  have  been  demonstrated 
by  the  trial  transportation  of  a  torpedo  boat  from  Toulon  to 
Cherbourg. 


TRIPLE-EXPANSION    ENGINE  FOR  TUG  "  W.  G. 
WILMOT." 


The  engine  published  in  this  issue  was  built  by  F.  W. 
Wheeler  &  Co.,  of  West  Bay  City.  Mich  ,  for  a  steel  tug 
named  in  honor  of  her  ownei ,  W.  ff.  WUmot,  of  New  Orleans, 
La.     The  general  dimensions  of  the  vessel  are  as  follows  : 

Length  over  all 110  ft.  6  in. 

Length  between  perpendiculars 99  "   6  " 

Beam,  molded 23  "   0  " 

Depth,  molded 12  "   6  " 

Draft  of  water 11  "   0  " 

The  propelling  machinery  consists  of  an  inverted,  direct- 
acting,  surface-condensing,  triple-expansion  engine,  with  cyl- 
inders 16  in.,  24  in.,  and  40  in.  diameter,  and  a  stroke  of  38  in.. 
driving  a  right-handed  screw  propeller  9  ft.  6  in.  in  diameter, 
with  a  mean  pitch  of  12  ft.  6  in.  The  cylinders  are  placed 
with  the  high  pressure  in  the  middle,  the  intermediate  for- 
ward, and  the  low  pressure  aft,  this  being  the  sequence  of 
cylinders  generally  adopted  by  the  majority  of  engine-builders 
on  the  lakes. 

Each  cylinder  is  fitted  with  relief  valves,  top  and  bottom, 
and  the  low-pressure  cylinder  is  provided  with  a  24-in.  start- 
ing valve.     All  steam-ports  and  passages  are  calculated  for  a 
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piston  speed  of  60O  ft.  per  minute,  with  a  flow  of  steam  of 
9,000  ft.  per  minute  for  steam  passages  and  6,000  ft.  per  min- 
ute for  exhaust.  The  ports  in  the  high-pressure  cylinder  are 
1 ;  in.  deep  and  13  in.  wide.  The  intermediate-pressure  cylin- 
der has  two  H  in.  X  19  in.  ports,  and  the  low  pressure  cylin- 
der has  two  1;  in.  X  36  in.  wide  ports.  The  main  steam-pipe 
is  of  copper  5  in.  inside  diameter,  the  intermediate  receiver 
pipe  is  8  in.,  and  the  low-pressure  receiver-pipe  is  10^  in.  in 
diameter,  the  exhaust  pipe  leading  to  condenser  being  12  in. 
in  diameter.  The  throttle-valve  is  of  the  balanced  type,  and 
fitted  with  a  suitable  relief-valve,  so  as  to  work  free  and  easy. 
The  high-pressure  cylinder  is  provided  with  valve  chest  liners 
of  hard,  close- 
grained  cast  iron 
with  diagonal 
bridges  and  ports 
14  iti.  deep.  The 
piston-valve  is  sol- 
id. 7*  in.  diameter, 
and  fitted  perfect- 
lv  steam-tight  in 
liners  ;  lap  on  top 
is  1 ;  in.  and  i}  in. 
on  bottom  ;  no  in- 
side lans.  Thein- 
termediale-p  r  e  s  s- 
ure  and  low-press- 
ure cylinders  are 
fitted  with  com- 
mon double-port- 
ed slid  e-valves, 
perfectly  balanced 
by  cylinders  and 
balance  pistons  of 
4J  in.  and  7  in.  di- 
ameter respective- 
ly on  top  of  steam 
chests.  The  inter- 
m  e  (1  i  ate-pressure 
valve  has  a  steam 
lap  of  1^5  in.  on 
top  and  1T\  in.  on 
bottom,  and  the 
low-pressure  valve 
has  1  ,\  in.  lap  on 
top  and  1-X  in.  on 
bottom.  All  valves 
have  a  travel  of  4i 
in.  and  are  worked 
direct  by  the  Ste- 
venson double-bar 
link-motion  pro- 
vided with  adjust- 
able cut-off  ar- 
rangement. Steam 
is  cut  off  at  about 
.7  of  stroke  in  all 
cylinders  when  in 
full  gear.  All 
valve  stems  are  of 
best  machinery 
steel  and  2^  in.  di- 
ameter. The  en- 
gine is  provided 
with  steam  revers- 
ing gear,  having  a 
cylinder  10  in.  di- 
ameter and  12  in. 
stroke  operated  by 
a  differential 
valve- motion 
from  the  engi- 
neer's platform.  The  pistons  are  of  cast  iron  6  in.  deep, 
and  are  tilted  with  the  usual  lake  style  of  self-setting  spring 
rings.  The  piston-rods  are  of  best  machinery  steel  34;  in. 
in  diameter,  secured  to  cross  heads  and  pistons  by  tapered 
ends  and  nuts.  The  cross-heads  are  of  wrought  iron  with  gud- 
geons and  slippers  forged  on.  The  slippers  are  provided  with 
brass  jibs  8j  in.  wide  and  12  in.  long.  The  connecting-rods  are  of 
wrought  iron  6  ft.  between  centers,  having  the  upper  ends 
forked  to  span  the  cross-head  jaws,  which  are  34;  in.  long  and 
34.  in  diameter.  The  upper  ends  are  turned  to  a  diameter  of 
3j  in  and  4  in.  at  the  lower  ends.  All  connecting-rod  bolts 
an-  of  steel  14  in.  diameter  at  the  upper  ends  and  2  in.  at  the 
lower  ends.  The  crank  pin  brasses  and  all  main  journals  are 
lined  with  Magnolia  antifriction  metal  strips.  The  cylinders 
and   valve-chests  are   covered   with   magnesia   covering   and 


lagged  with  highly  polished  birch.  They  are  supported  by- 
six  cast-iron  columns,  the  port  columns  being  provided  with 
large  bearing  surfaces  and  water-jackets  for  slides.  Through- 
bolts  are  used  wherever  practical  throughout  the  whole  engine. 
The  bed-plate  is  the  box  type  east  in  one  piece,  having  five 
main  journals,  each  journal  having  two  2j  in.  holding-down 
bolts  and  cast-iron  caps.  The  crank-shaft  is  made  of  l*st 
wrought  iron  of  the  built-up  type  8  in.  in  diameter.  The 
thicknesses  of  crank  arms  are  4J  in.  for  intermediate  pressure, 
5J  in.  for  high  pressure,  and  5}  in.  for  low  pressure,  with  a 
common  width  of  15$  in.  The  crank-pins  are  all  8  in.  diam- 
eter and  8*  in.  long.     The  cranks  are  placed  120°  apart,  with 
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the  low  pressure  leading  high  pressure.  The  thrust  shaft  is 
8  in.  diameter,  having  the  collars  forged  on,  14  in.  diameter 
and  24  in.  thick.  The  thrust  bearing  is  of  the  horseshoe  type, 
with  three  cast-iron  collars  lined  with  graphite  metal  and  ad- 
justable by  means  of  strol-bolts  aud  brass  nuts.  It  is  designed 
for  a  thrust  of  50  lbs.  pef  square  inch,  and  provided  with  a 
line  bearing  9  in.  wide  to  support  the  thrust-shaft,  A  similar 
line-bearing  supports  the  after  end  of  thrust-shaft.  The  stern 
tube  is  10  ft.  long,  made  of  cast  iron,  with  iulernal  bus: 
forward  and  aft.  The  forward  bushing  is  of  brass  lined  with 
lignum  vita?,  and  the  after  bushing  is  34  in.  long  and  made  of 
hard  cast  iron  in  halves,  so  as  to  be  easily  renewed  when 
worn.  The  propeller-shaft  is  8  in.  diameter  and  8f  in.  at 
bushings.  Wroughtiron  bands  are  shrunk  on  propeller-shaft 
at  after-bearing  to  provide  for  the  great  wearing  caused  by 
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the  extreme  amount  of  sand  and  clay  found  in  the  Mississippi 
River  water.      Experience  lias  shown  lliat  casl  iron  slcrn  heal- 
ings are  most  suitable   lor  service  in  these  waters. 

Steam  is  furnished  by  a  cylindrical  return  tubular  boiler 
12  ft.  I>  in.  in  diameter  and  12  ft.  6  in.  long,  designed  for  a 
working  pressure  of  160  lbs.  per  square  inch.  The  three  fur- 
naces are  40  in.  inside  diameter  and  8  ft.  long,  giving  a  grate 
surface  of  (i:J>  sq.  ft  ,  and  the  boiler  has  318  3J  in.  charcoal 
iron  tubes  8  ft  0  in.  long,  with  a  total  heating  surface  of 
2.101)  sq.  ft. 

All  pumps  are  independent,  and  the  condenser  is  of  the 
Wheeler  Admiralty  Surface  Condenser  type,  with  combined 
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air  and  circulating  pumps.  Diameter  oi  steam  cylinder. 
12  in.,  diameter  of  air  cylinder,  M  in.,  diameter  of  water  cyl- 
inder, 14  in.,  with  a  common  stroke-  of  12  in.  Cooling  surface 
in  condenser  is  1,100  sq.ft.  The  feed  water  passes  from  the 
hot  well  through  a  feed  water  tiller  in  four  compartments 
tilled  with  hay  and  charcoal  to  tie-  feed  pump,  and  is  dis- 
charged through  a  feed  water  neater  into  the  boiler.  The  ex- 
haust steam  from  all  pu  rips  passes  through  this  heater,  which 
ig  24  in.  diameter  and  in  ft.  long,  and  contains  70  1J  in.  brass 
tubes. 

The  maximum  power  developed  by  the  engine  under  160  lbs. 
of  steam  and  when   making    1  1^    revolution-  per  minute  is  850 

indicated  1 1. 1'.,  the  vessel  making   16  statute  miles  per  bour. 

The  indicator  cards  published   herewith   were  taken  when    the 

engine  was  working  128  revolutions  per  minute  under  ordinary 

conditions,  with  150  lbs.  ol  steam  ami  25  in.  vacuum.  Tin- 
engine  was  built  from  designs  by  Sven  Anderson,  Mechanical 
Engineer  with  F.  W.  Wheeler  &  Co. 

The  Dry  Dock  [ron  Company,  of  May  City.  Mich.,  are  now 
b  lildiug  one  of  their  patent  sectional  cast-steel  screw-propeller 
wheels  for  the  U".  Q.  Wilmot.  The  advantages  claimed  by 
this  type  of  propeller  are  a  e-aving  in  weight  of  about  15  per 
cent,  over  the  oidinary  sectional  cast  iron  wheels,  less  resist- 
ance caused  by  a  screw-shaped  huh.  and  greater  strength 
gained  by  using  the  best  cast  steel  made.     Especially  is  the 


latter  a  desirable  feature  for  lake  vessels  and  river  Hil's  strik- 
ing snags  and  logs  very  frequently.  As  will  be  seen  from  the 
engraving,  the  blades  are  dovetailed  in  the  huh  and  carefully 

tilted  and  fastened  by  means  of  steel  keys.  The  new  screw 
terry  steamer  Pleasure,  now  building  for  the  Detroit,  Belle 
Isle  &  Windsor  Kerry  Company,  is  tilled  with  a  10-ft.  wheel 
of  this  type,  and  the  results  will  be  looked  for  with  great  in- 
terest. 


LIQUID    FUELS. 


Mli.  (I.  Stocikkleth,  an  engineering  expert  of  tin-  Noble 
Petroleum  Production  Company,  recently  read  a  paper  on 
Liquid  Fuels  before  an  English  technical  society.  The  fol- 
lowing is  an  abstract  from  it  : 

"  The  use  of  liquid  fuel  is  by  no  means  of  recent  date  ;  it 
has  for  many  years  been  pretty  general  in  Russia,  and  the 
question  cannot  any  more  be  considered  as  a  problem  which 
has  to  pass  through  its  experimental  stages.  Before  going 
further  into  the  subject,  it  may  be  well  to  define  which  liquids 
can  best  he  used  as  fuel.  A  good  many  oils  might  enter  the 
list  were  it  not  for  some  indispensable  requirements,  such  as 
cheapness,  absence  of  danger,  capability  for  developing  heat 
and  undergoing  complete  combustion,  without  producing  un- 
pleasant smells,  smoke,  and  dangerous  and  unhealthy  gases, 
which  conditions  practically  reduce  the  number  to  the  oils  de- 
rived from  coal  and  from  crude  petroleum.  The  first-named 
(oil  derived  from  coal)  is,  however,  not  produced  in  sufficient 
quantities  for  even  a  limited  consumption,  and  would  be  far 
too  expensive  to  manufacture  solely  for  fuel  purposes.  It  is, 
therefore,  to  crude  petroleum  that  we  must  turn  for  obtaining 
a  suitable  oil. 

"  Crude  petroleum  consists  almost  entirely  of  a  mixture  of 
a  great  number  of  hydrocarbons  differing  in  boiling  point 
and  density,  and,  by  being  submitted  to  distillation,  ii  gives 
a  series  of  hydrocarbons  known  as  gasoline,  benzoline,  kero- 
sene, etc.  It  is  not  necessary  here  to  give  a  detailed  descrip- 
tion of  these  different  products.  Suffice  it  to  say  that  the 
first  distillate  of  crude  petroleum,  which  evaporates  at  a  low 
temperature,  is  the  most  inflammable,  and  gradually,  as  the 
temperature  is  raised,  the  less  dangerous  oils  are  distilled, 
until  the  temperature  in  the  stills  reaches  300  C.  to  320°  C. ; 
at  this  point  the  distillate  is  called  kerosene,  and  the  residui 
li  in  Russian  is  called  astatki)  forms  the  oil  which  so  ad 
mirably  answers  the  conditions  lor  a  good  liquid  fuel.  It 
contains  all  the  heavy  hydrocarbons  capable  of  creating  heat, 

and  the  high  temperature  to  which  it  has  In  eii  exposed  having 

fieed  it  from  all   dangerous  volatile  liquids,  guarantees  its 

complete  Bafety ;  a  match  or  any  other  naked  light  is  imme- 

ely  extinguished  when  plunged  into  it.     In  order  to  make 

it  hum  it  requires  special  treatment,  about  which  more  shall 

lie  said  presently.  As  astatki  presents  ii"  danger  whatever. 
it  is  in  Baku  stored  in  large  open  excavations  in  the  ground. 
containing  up  to  5,000,000  pood-  each,  equal  to  more  than 
liMl.llOO  tons.  In  some  of  the  distilleries  astatki  is  used  as 
fuel  under  one  still  immediately  after  having  been  let  out  of 
another,  which  shows  that  even  at  a  high  temperature  it  can 
be  handled  with  safety.  The-  Russian  crude  petroleum  Live- 
about  35  per  cent,  benzoline,  gasoline,  and  kerosene  .  the  re- 
maining 65  per  cent,  is  used  for  the  manufacture  of  lubricat- 
ing oils  and  mostly  as  fuel.  To  give  an  idea  of  the  extent  to 
which  it  is  used  in  Russia  for  locomotive,  steamship,  and  even 
stationary  boilers,  it  may  be  mentioned  that  the  transport  el 
astatki  from  Baku  to  the  Caspian  seaports  and  Astrakan, 
amounted,   in    1892,    to    107,361,435   poods,   equal   to  about 

3,000, 1  tons,  ami.   in   addition    to   this,    some   250, 000   tons 

were  shipped  from  Batoum.  The  statistics  f . .r  IMC!  are  not 
■vailablc  for  reference,  hut  will  probably  show  an  increase. 
"  For  boiler  and  distilling  purposes  it  is  necessary  toon-ale 
a  larger  and  more  powerful  llame.  and  steam  is  used  lor  form 
ing  it  into  a  spray  which  is  easily  ignited,  and  then  burns 
fiercely.  Many  injectors  or  pulverizators  in  Russia,  called 
fasunkas,  have  been  constructed  and  patented,  hut  it  has  been 
found  that  the  most  primitively  constructed  pulverizators  an 
swi-r  as  well  as  the  more  complicated  kinds.  The  apparatus 
used  under  the  stills  consists  simply  of  two  J  in.  pipes,  on< 
leading  the  oil  from  a  tank,  the  oilier  steam  from  a  boiler. 
The  ends  of  the  pipes  are  flattened  by  a  blow  of  a  hammer,  and 
then  tied  together  with  a  piece  of  wire  ;  the  steam  jet  catches 
the  outflowing  oil,  and  forms  the  spray.  It  is  well  to  keep 
the  oil  a  little  warm  to  facilitate  it-  passage  in  the  pipes, 
through  which  it  descends  by  gravitation.  This  pulverizatoi 
gives  entire  satisfaction  ,  the  llame  is  powerful  ami  bright, 
and  not  a  drop  of  oil  is  wasted  when  once  Hie  How  has  been 
regulated.     No  smoke  or  llame  ascends  the  chimney — which, 
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by  the  way,  can  be  very  short— as  the  steam  jet  itself  cieates 
sufficient  draft.  A  somewhat  neater  appearance  can  be  given 
to  the  injector  when  the  oil  pipe  is  arranged  inside  the  steam- 
pipe,  and  provided  with  a  cast-iron  or  brass  nozzle,  which  can 
be  shaped  to  give  the  flame  any  desired  form.  As  far  back  as 
1880  I  had  occasion  to  make,  on  behalf  of  Messrs.  Nobel 
Brothers,  in  St.  Petersburg,  some  experiments  with  oil  firing 
before  a  committee  of  the  Russian  Admiralty. 

"Experiments  have  been  made  with  compressed  air  for 
spraying  the  oil,  but  the  results  have  not  mateiially  differed 
from  those  obtained  with  steam.  Air  must,  of  course,  in  any 
case,  have  access  to  the  flame,  and  openings  on  the  front  of 
the  flue  must  be  provided  for  its  admittance.  In  most  cases 
the  hole  in  the  furnace  door  through  which  the  nozzle  of  the 
pulverizator  is  irtroduced,  is  .sufficient  for  letting  in  the  quan 
tity  necessary  for  the  combustion.  By  using  steam  for  spray- 
ing, no  oil  accumulates  in  the  flue  when  the  flow  is  regulated, 
consequently  a  complete  combustion  of  the  oil  takes  place. 
Looking  at  the  question  from  the  point  of  cost,  it  is  not  prob- 
able that  the  compressed  air  can  be  produced  cheaper  than  the 
necessa^-  quantity  of  steam  taken  direct  from  the  boiler.     It 


by  about  two  thirds,  as  only  half  the  tonnage  would  have  to 
be  kept  in  stock,  ami  this  quantity  can  be  stored  more  econom- 
ically in  point  of  space  than  the  same  quantity  of  coal.  A 
considerable  amount  of  labor  employed  in  storing  coal  and 
loading  tenders  can  be  saved,  and  the  oil  can  be  taken  in 
simultaneously  with  the  water  supply,  as  quickly  aud  in  a 
like  manner.  The  avoidance  of  smoke  and  blowing  safety- 
valves  will  greatly  add  to  the  comfort  of  the  passengers,  a 
point  for  which  the  railway  companies  are  usually  prepared 
to  make  considerable  sacrifices. 

"  For  steamships  the  advantages  of  using  liquid  fuel  are  of 
still  greater  importance.  The  Oil  can  be  kept  in  ballast  tanks 
at  the  bottom  of  the  ship,  an  arrangement  which  greatly  aug- 
ments the  stability  of  the  vessel,  and  can,  as  it  is  consumed, 
be  replaced  by  water.  The  size  of  the  stokehold  can  be  re- 
duced considerably,  and  the  number  of  stokers  diminished  in 
the  proportion  of  one  to  four.  Iu  stormy  weather  it  is  of 
great  advantage.  The  dauger  of  tire  in  the  coal-bunkers  will 
not  be  replaced  by  any  similar  risk  connected  with  Ihe  use  of 
oil.  Lastly,  it  may  be  mentioned  that  a  ship  having  oil  at  its 
disposal  may,  by  pouring  a  certain   quantity  overboard   in 
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is,  in  fact,  but  a  very  small  quantity  which  is  necessary  for 
doing  this  work,  when  the  pulverizator  is  properly  con- 
structed. The  chief  point  in  the  construction  of  the  pulveri- 
zator is  to  avoid  waste  of  steam — that  is  lo  say.  to  construct 
the  nozzle  in  such  manner  that  every  particle  of  steam  takes 
care  of  a  corresponding  particle  of  oiL  This  object  will  best 
lie  secured  when  the  openings  for  the  steam,  as  well  as  for 
the  oil,  are  made  long  and  narrow,  and  are  placed  as  close  to 
one  another  as  possible.  All  the  different  Russian  construc- 
tions are  made  in  this  way.  The  openings  are  about  li  in. 
1  ing,  and  J  in.  to  i  in.  wide.  As  the  oil  sometimes  coutains 
paraffine,  which  is  likely  to  choke  this  narrow  opening,  it  is 
essential  to  have  an  arrangement  by  which  steam  can  lie  led 
through  the  cil  passage  to  clean  it  out.  The  rest  of  the  con- 
struction may  be  varied  to  suit  particular  cases,  and  with  a 
view  to  facilitate  and  cheapen  the  manufacture."  After  men- 
tioning the  general  advantages,  the  aulhor  spoke  upon  the 
special  advantages  accruing  to  railways  ami  steamships. 
"  The  valuable  spaces  at  railway  Stations,  which  have  now  to 
be  sacrificed  for  accommodating  coal  supply,  could  be  reduced 


rough  weather,  avoid  much  trouble.  For  torpedo-boats  the 
use  of  liquid  fuel  is  possibly  of  still  greater  importance  than 
for  any  other  vessels  ;  the  entire  absence  of  smoke  will  help 
to  avoid  detection  and  possibly  destruction,  and  the  saving  in 
space  is  of  the  utmost  importance  as  well  as  the  possibility  of 
raising  steam  quickly.  Oil-firing  greatly  increases  the  ra- 
pidity of  raising  steam  of  high  pressure  ;  fire-grate  and  ashpit 
can  be  done  away  with  altogether,  Ihe  length  of  the  funnel 
can  be  reduced,  and  a  system  of  water  tubes  is  better  suited 
to  the  fierce  fire  of  liquid  fuel  than  the  straight  or  curved 
surface  of  an  ordinary  1  hick  boiler  plate.  No  boiler  specially 
designed  for  liquid  fuel  is  yet  iu  the  market,  but  the  subject 
leaves  certainly  a  wide  field  for  the  boiler  designer  who,  with 
liquid  fuel,  can  obtain  a  flame  which  can  be  controlled,  direct- 
ed, and  given  uniformity  much  belfer  than  a  coal  fire,  and 
which  is  less  dependent  upon  air-currenls. 

"  A  disposition  to  use  liquid  fuel  has  already  been  shown  in 
this  country,  both  for  locomotives  and  steamships.  A  certain 
number  of  locomotives,  and  even  stationary  boilers,  have  been 
fitted  to  use  oil.  and  have  burned  the  tar  oil  which  was  ob- 
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taioable.     A  small  quantity  also  of  astatki,  which  had  been 
shipped  to  this  country,  has  been  employed  for  steamship 

use.  •  • 

"  As  regards  the  supply,  America  and  Russia  produce  very 
different  classes  of  crude  oil.  The  American  oil  gives  about 
so  percent,  of  kerosene,  and  the  remainder  is  partly  utilized 
for  making  other  petroleum  products.  There  is,  therefore, 
no  likrlihoml  of  getting  any  great  supply  from  these  fields. 
The  Russian  crude  oil,  on  the  other  hand,  only  gives  about 
35  per  cent,  of  kerosene  and  Other  products,  leaving  (1.")  per 
cent,  of  astatki  for  fuel  ;   there  are,  therefore,  if  not  unlimited, 

at  least  very  considerable  quantities  at  hand  from  these  fields. 

"  At  present  uo  oil  territories  which  approach  the  American 
or  Russian  in  magnitude  are  worked." 

The  author  mentioned  various  localities  of  an  oil  heating 
character,  among  others,  Burmah,  the  West  Indies,  Canada. 
Mexico,  etc. 

"In  Russia,  boring  operations  commenced  20  years  later 
(1879),  and  the  number  of  wells  drilled  is  considerably  less, 
but,  they  have  been  more  productive  than  the* American.  On 
account  of  the  different  geological  formations  of  these  two 
countries,  the  modes  of  boring  are  different,  as  well  as  the 
form  of  the  wells.  In  America  a  well  is  often  drilled  through 
rock  from  top  to  bottom  ;  the  average  diameter  is  8  in  at  the 
top,  and  the  depth  is  about  2,500  ft.  A  complete  outfit  for 
drilling  such  a  well  costs  $10,000,  and  the  wages  of  the  drill- 
ers is  s:',  to  si  a  day.  If  drillers  are  secured  for  work  out- 
side the  United  Stales,  they  receive  $125  a  month  and  travel- 
in.-  expenses. 

"  The  safest  and  most  practical  way  to  proceed  will,  in 
most  eases,  prove  to  be  the  following  :  After  thorough  survey- 
ing of  the  particular  field  by  competent  experts  and  geologists, 
and  after  having  located  a  number  of  plac  s  suitable  for  trial 
borings,  the  necessary  plant  has  to  be  brought  into  operation, 
not  so  much  with  a  view  ot  getting  hold  of  the  largest  quan- 
tity of  oil,  for  the  storage  of  which  no  provision  has  usually 
been  made,  but.  for  ascertaining  the  depth  at  which  the  oil 
will  hi-  struck,  and  as  a  guide  in  defining  the  extent  of  the 
oil-bearing  strata.  For  this  purpose  it  is  not  necessary  to  go 
beyond  tin-  depth  of.  say,  1,000  ft.  If  the  strata  met  with, 
which  has  to  be  carefully  recorded,  do  not  give  Satisfactory 
results,  another  place  has  to  be  tried,  and  so  on,  until  the 
operators  have  thoroughly  s >undcd  the  ground,  and  are  per- 
feclly  convinced  that  plant  for  larger  and  deeper  wells  is  justi 
lied.  The  cost  ol  plant,  the  amount  of  skill  required  in  the 
operations,  and  the  time  employed  progress  at  a  much  quicker 
ratio  than  the  depth  ;  in  other  words,  a  3,000  ft.  boring  costs 
more  in  money  and  skill  than.  say.  five  barings  1,000  ft.  each  ; 
and  a  territory  is  much  better  tested  by  20  borings  ot  500  ft. 
than  by  five  borings  of  2.000  ft.  If  oil  is  found  only  at  3.000 
ft  in  a  new  territory,  it  does  not.  in  fact,  present  very  encour- 
aging prospects,  unless,  of  course,  the  quantities  found  should 

be  Very   considerable. 

"  The  system  to  tie  recommended  for  such  borings  are  the 
ordinary  artesian  well  boring,  with  rods  and  ropes  and  porta- 
ble derrick  ;  lor  later  b  "rings  a  fixed  rig  iron  and  wood  for 
use  of  the  American  and  Canadian  boring  system,  and  heavier 
tools  may  be  adopted.  <  hie  outfit  lor  every  two,  three,  or 
1  ven  four  test  holes  may  be  sufficient,  and  requires  but  one 
experienced  man  with  two  unskilled  helpers  for  its  manipula- 
tion. If  steam  power  is  used,  an  additional  man  will  be  re- 
quired. Responsible  technical  supervision  of  the  operations 
is,  of  course,  indispensable  in  any  case." 

The  discussion  was  opened  by  the  Chairman,  who  said  he 
could  confirm  what  bad  been  said  as  to  Hie  advantages  of 
liquid  fuel  used  on  railway  trains.  Liquid  fuel  was  adopted 
on  one  of  the  railways  of  Argentina  in  1801),  and  there  were 
12  locomotives  burning  it.  Within  the  last  few  months  a 
petroleum-tank  steamship  had  been  driven  across  the  Atlantic 
by  liquid  fuel,     lie  also  sp  ike  up  in  the  question  ol  burners. 

.Mr.  Nelson  Boyd  stated  that  the  combustion  of  a  hydrocar- 
bon was  much  more  perfect  than  that  of  coal,  there  was  n  it 
the  loss  in  smoke  and  clinker,  and,  in  locomotives,  there  was 
none  of  thai  coating  of  the  tubes  with  carbon.  The  great 
difficulty  in  England  was  the  price,  which  was  equal,  a!  pies 
cut,  to  coal  at  23*.  per  Ion,  Another  important  point  was  the 
quantity  of  steam  req  died  for  the  pulveriz  itors. 

.Mr.  Edwin  Barwood  stated  his  experience  in  his  yacht,  the 
Ruby,  remarking  thai  his  difficulty  had  been  in  the  adjust- 
ment for  the  small  amount  of  oil  utilized. 

Mr.  W.  Warren,  sir  \V.  Percival,  and  others  contributed 
lo  the  discussion,  giving  their  experience  in  regard  to  the  use 

of   liquid    fuel 


The  voyage  across  the  Atlantic  of  the  steamship  link  u  Stan- 
dard, a  short   time  ago,  revived   the  question  of  the  use  of  oil 


as  a  motive  power  for  steamers  and  locomotives.  About  ID 
years  since  the  question  was  somewhat  acute,  but  now  we  are 
enabled  to  take  a  more  enlightened  view  of  the  subject.  The 
question  is  of  Borne  importance  to  coal-raising  districts  like 
that  of  South  Wales,  hence  a  short  summary  of  the  position 
created  may  be  of  use  and  interest  at  the  present  time.  The 
question  revolves  itself  into  two  main  considerations — is  it 
possible  lo  use  petroleum  or  other  mineral  oils  10  such  an  ex- 
tent as  to  curtail  seriously  the  production  of  coal  ,  and  in  so 
doing  affect  to  a  large  extent  the  labor  market  of  miners,  sea- 
going firemen,  and  railway  stokers'/  The  latter  part  of  the 
query,  of  course,  depends  entirely  on  the  answer  given  to  the 
former.  Well,  the  facts  may  bo  briefly  staled  thus  :  There 
are  a  great  number  of  steamers  and  locomotives  (which  arc 
now  driven  by  steam  raised  from  petroleum)  in  the  Caspian 
and  the  Euxine  oceanic  districts.  A  few  steamers  similarly 
ply  on  the  river  Plate,  and  a  few  are  now  making  inter  ocean 
voyages  to  America  and  the  Black  Sea  ;  and  the  Great  East 
ern  Railway,  in  our  own  country,  has  adopted  the  use  of  shale 
oil  for  the  locomotives.  So  that  there  is  no  doubt  of  the  prac- 
ticability of  the  experiments.  In  1885  the  screw  steamer 
Himalaya  (afterward  called  the  Marahu  when  taken  to  Brazil) 
made  a  trial  trip  from  Loudon  to  Oranton.  The  result  was  a 
passage  of  5-1  hours  at  a  consumption  of  8  galls,  of  oil  per 
hour.  The  cost  was  estimated  at  t'4  against  a  possible  ex- 
penditure of  coal  of  £7  per  day.  Only  two  firemen  were  re- 
quired, in  place  of  five  if  coal  had  been  used.  In  the  same 
year  the  Central  Pacific  Railway  Company  tried  the  oil  plan 
on  their  steamers,  oil  having  been  found  on  the  Pacific  Coast 
The  cost  of  oil  for  their  steamer  Tlioroughfan  for  live  months 
was  ascertained  to  be  5G  per  cent,  of  that  of  coal.  Put  in  an- 
other way,  il  was  found  that.  80  imperial  gallons  was  equal  to 
1  ton  of  coal  for  steam  purposes.  The  cost  being  as  $4  to  $7. 
In  the  recent  case  of  the  Baku  Standard,  the  owners  report 
that  the  mere  weight  of  the  fuel  was  at  the  same  ratio  — namely, 
4  to  7.  There  was  also  a  large  saving  of  labor  in  engine-room 
department.  If  this  be  so,  in  the  intense  competition  of  trade, 
theie  must  be  a  strong  temptation  to  increase  the  number  of 
tank  steamers,  and  10  use  oil  as  a  motive  power.  But  as  cost 
must  be  the  governing  factor,  if  the  price  of  oil  should  rise,  in 
const quence  of  an  increased  demand,  reversion  to  coal  would 
be  very  quick  Now,  to  test,  this  p  lint,  let  us  consider  the 
amount  of  oil  production  in  the  win  Id.  In  1889  a  Statistician 
computed  the  world's  production  of  petroleum  and  its  con- 
geners at   1(1.500,00(1  tons  made  up  thus  : 

Tuns. 

United  States  of  America 0,000,000 

Russia 3,000,000 

Galicia 1,(1110,000 

Burmah,    Canada,    Peru,    Germauy,    Roumania,  j  500  000 

Transcaspia,  Australia,  Japan,  etc f 

Total 10,500,000 

Since  then  America  has  not  increased  much,  if  at  all.  Russia 
has  about,  doubled  her  output.  The  probability  is  that,  in 
this  present  year,  the  total  output  is  about  14,000,000  to 
15.1100,000  tons.  Taking  the  Baku  Standard  experiment,  con- 
firmed by  that  of  the  Thoroughfare,  at  7  to  4  against  coal,  it 
would  appear  that,  say.  15.11(10,0(10  tons  of  petroleum  is  equal, 
as  a  steam  raiser,  lo  about  26,000,000  tons  of  coal  lor  (lie  same 
purpose.  The  production  of  coal  is  over  500, 000, 000  tons  per 
annum  in  the  kn  >wn  world.  How,  therefore,  can  15,000,000 
tons  of  oil  compete  with  such  an  enormous  quantity  of  coal? 
It  is  alleged  that  the  production  of  oil  is  unlimited  ;  that  it 
can  be  made  from  coal  itself  and  other  products  ;  that  the 
cost  (or  saving)  in  using  it  is  as  4  to  7  ;  and  therefore  it  must 
seriously  affect  the  production  of  coal  in  a  very  short  lime. 

(In  the  other  hand,  the  arguments  against  the  position  are  : 
That  the  more  it  is  used  the  higher  the  price  will  rise,  and 
thus  level  the  cost  of  its  use  to  that  of  coal  ;  that  in  America 
many  wills  have  run  dry,  and  Russian  and  other  sources  of 
supply  may  also  experience  the  same  fate  ;  and  that  the  de- 
mand for  oil  at  the  present  time  (unlike  dial)  is  mainly  for 
domestic  use,  and  for  other  purposes  than  steam  raising. 

Altogether,  al  the  present  time,  it  would  appear  that  coal- 
owners  and  their  workmen  may  rest  contented  that  petroleum 

cannot  yet  enter  into  the   rare  of   competition  with  them.      It 

is  true,  however,  that  the  Russian  supply  is  increasing  enor- 

111  msly,  and  that  lank  steamers  are  being  built  to  a  limited 
extent.  As  an  index  of  what  Kussia  is  doing  in  the  w  ay  of 
supply  to  other  euuutrics.it  maybe  staled  thai  in  1888  she 
e.xp  irted  545,855  tons  of  petroleum,  which  in  1892  (only  four 
years)  rose   lo  nearly  double   the  quantity,  or   900,887  tons. — 

South  Wales  Investment  Circular. 
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Chemistry  Applied  to  Railroads. 
SECOND   SERIES. -CHEMICAL   METHODS. 


VIII. -METHOD     OF     DETERMINING     SILICON    IN 
STEEL. 


By  C.  B.  Dudley,  Chemist,  axd  F.  N.  Pease,  Assistant 
Chemist,  of  the  Pennsylvania  Railroad. 

(Copyright,  1891,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


OPERATION. 

Pct  2  grams  of  tine  borings  in  a  12-oz.  royal  Berlin  porce- 
lain casserole,  and  add  80  c.c.  of  a  mixture  of  nitric  acid,  sul- 
phuric acid,  and  water.  Cover  with  a  watch  glass  and  allow 
action  to  cease.  Then  evaporate,  if  desired,  over  a  lamp  di- 
rect, until  sulphate  of  iron  begins  to  separate,  then  transfer 
the  dish  to  an  ail -bath,  heated  to  about  300"  F.,  and  continue 
the  evaporation  until  fumes  of  SO3  are  given  off.  Allow  to 
cool,  add  250  c.c.  of  distilled  water,  and  heat  carefully  until 
the  sulphate  of  iron  has  all  dissolved,  then  filter  at  once. 
Wash  with  water  until  most  of  the  iron  salts  are  removed,  and 
then  with  dilute  hydrochloric  acid,  as  long  as  the  washings 
are  colored  with  iron  salts  ;  finally  wash  with  water  again, 
until  the  washings  no  longer  react  for  chlorine,  then  ignite 
and  weigh.  Tieat  the  contents  of  the  crucible  with  a  little 
dilute  sulphuric  acid  and  a  few  drops  of  hydrofluoric  acid, 
evaporate  to  dryness,  ignite  and  weigh  again.  The  difference 
between  the  two  weights  is  silica. 

APPARATUS    AND    REAGENTS 

It  will  be  observed  that  a  porcelain  casserole  is  designated 
as  the  characl eristic  piece  of  apparatus  for  this  method.  Of 
course  platinum  dishes  and  good  quality  porcelain  evaporat- 
ing dishes  ma}-  be  used,  but,  all  things  considered,  a  casserole 
seems  best.  Glass  should  not  be  used,  as  some  of  the  sepa- 
rated silica  apparently  adheres  to  the  glass,  and  cannot  be  re- 
moved by  the  feather  or  rubber  tube  on  the  end  of  a  glass 
rod.  Direct  experiments  on  the  same  steel,  everything  being 
exactly  alike,  except  one  determination  was  in  a  porcelain 
casserole  and  the  other  in  a  beaker,  show  lower  results  in  the 
beaker,  amounting  to  one  or  two-hundredths  of  a  per  cent. 
The  results  in  the  porcelain  were  confirmed  by  repeated  tests 
in  platinum  on  the  same  steel.  For  a  single  determination, 
the  air-bath  recommended  in  "  The  Chemical  Analysis  of 
Iron,"  by  A.  A.  Blair,  2d  edition,  p.  20,  is  very  satisfactory. 
For  a  number  of  determinations  at  once,  an  oven  gives  excel- 
lent results. 

The  mixed  acids  for  solution  are  made  by  adding  20  c.c.  of 
concentrated  C.  P.  nitric  acid  to  40  c.c.  of  distilled  water,  and 
then  adding  to  this  20  c.c.  of  concentrated  C.  P.  sulphuric- 
acid.  Where  a  number  of  determinations  are  to  be  started  at 
the  same  time,  it  is  more  convenient  to  mix  the  quantity  of 
acids  required  all  at  once. 

The  dilute  hydrochloric  acid  for  washing  is  made  by  adding 
one  part  concentrated  C.  P.  acid  to  four  parts  of  distilled 
water. 

Hydrofluoric  acid  of  good  quality,  practically  free  from 
residue,  can  paw  lie  obtained  in  the  market,  in  ceresine  bottles. 

calculations. 

Atomic  weights  used,  oxygen,  16  ;  silicon,  28  ;  molecular 
formula,  SiOi.  Since  46.67  per  cent,  of  the  S>iOj  is  silicon,  if 
the  weight  found  is  mullipled  by  this  figure,  the  result  will  be 
the  silicon  in  2  grams  of  steel,  and  this  figure  multiplied  by 
100  and  divided  by  two  obviously  gives  the  percentage. 
This  may  Jje  simply  stated  in  the  following  rule  :  Express  the 
weight  of  Si02  found,  in  grams,  remove  the  decimal  point 
two  places  to  the  right,  and  multiply  by  0.2333.  The  product 
will  be  the  percentage  of  silicon  in  the  steel.  Thus  if  the 
silicic  acid  found  is  0.0027  gram,  the  silicon  is  (0.27  X  0.2333) 
0.063  per  cent. 

NOTES   AND    PRECAUTIONS. 

It  will  be  observed  that  this  method  oxidizes  tin-  silicon  in 
the  steel  by  means  of  nitric  acid,  and  then  dehydrates  the 
silicic  acid  formed  by  means  of  concentrated  sulphuric  acid, 
sci  that  it  can  be  caught  in  a  filter,  finishes  the  dehydration  by 
ignition  and  weighs  up  as  Sit u.  Any  residue  of  iron  or  cither 
material    not   washed  out    is  left   behind   after  the   treatment 

with  hydrofluoric  acid.    There  i-~  considerable  evidence  that 


the  SiOi  is  not  completely  dehydrated  in  the  sulphuric  acid 
by  this  method.  After  the  water  is  added  and  the  iron  salts 
are  in  solution,  the  appearance  of  the  silica  in  the  liquid  is 
more  or  less  gelatinous,  also,  as  is  mentioned  below,  the  Si'). 
goes  into  solution  again  under  certain  conditions.  It  is  be- 
lieved that  if  the  directions  are  carefully  followed,  the  results 
will  be  accurate  to  within  perhaps  half  a  hundredth  of  a  per 
cent. 

The  reason  for  the  use  of  a  porcelain  casserole  has  already 
been  given. 

The  mixed  acid  gives  exactly  the  same  results  as  though 
the  steel  is  dissolved  in  dilute  nitric  acid,  and  then  dilute  sul 
phuric  acid  added  It  simplifies  the  manipulation  a  little  to 
add  the  acids  all  at  once. 

A  careful  manipulator  may  succeed  in  evaporating  over  the 
lamp  direct  until  the  sulphuric  acid  fumes  strongly,  especially 
if  the  material  is  stirred  continuously,  but  after  the  sulphate 
of  iron  begins  to  separate  there  is  much  danger  of  loss  by 
spirting.  The  air-bath  is  much  more  sure  When  a  number 
of  determinations  are  carried  on  at  the  same  time  and  there 
is  no  great  hurry,  excellent  results  may  be  obtained  by  adding 
the  mixed  acids  to  the  borings,  putting  the  casseroles  at  once 
on  a  steam  plate  whose  temperature  is  about  275°  F.,  anil 
allowing  them  to  stand  without  further  manipulation  over 
night.  Where  the  air-bath  and  shorter  time  are  employed, 
the  casserole  should  be  set  down  into  the  air-bath,  below  the 
line  of  the  liquid  inside.  With  the  air-bath  or  on  the  steam 
plate,  stirring  is  not  essential. 

It  has  been  proposed  to  add  Nordhausen  sulphuric  acid  to 
the  dish  after  the  principal  part  of  the  nitric  acid  has  been 
driven  off,  to  get  the  strong  sulphuric  acid  necessary  to  de- 
hydrate the  Si02  and  thus  to  save  the  time  required  to  con- 
centrate the  sulphuric  acid  to  the  proper  point.  Our  experi- 
ence with  this  modification  is  that  the  Nordhausen  of  the 
market  is  iarely  pure  enough  to  be  trusted,  while  if  Nord 
hausen  is  made  by  adding  S03  to  concentrated  C.  P.  acid, 
there  is  considerable  difficulty  in  the  manipulation  of  the  S(  I 
That  which  comes  in  tin  cans  is  very  difficult  to  open  and 
put  into  the  strong  sulphuric,  without  at  the  same  time  being 
contaminated,  while  if  that  in  glass  bulbs  is  used  then  is 
much  danger  that  some  of  the  glass  of  the  bulb  will  get  into 
the  determination.  The  time  and  labor  saved  by  this  modi- 
fication is  not  great. 

It  will  be  observed  that  directions  are  given  to  filter  at  once, 
after  the  iron  salts  are  dissolved.  Direct  experiments  follow- 
ing the  manipulation  given  above  show  that  after  the  water 
is  added  and  the  iron  salts  are  in  solution,  if  the  material  is 
allowed  to  stand  before  filtration  24,  36,  or  48  hours,  quite- 
large  amounts  of  the  silica  are  redissolved  and  lost.  This 
statement  has  been  disputed,  but  our  own  experiments  have 
been  confirmed  by  other  workers.  It  seems  probable  that  a 
few  hours'  standing  would  make  very  little  difference,  but  as 
there  seems  to  be  no  good  reason  for  dilution  until  one  is 
ready  to  filler,  we  have  not  thought  it  worth  while  to  study 
the  cause  of  the  discrepancy  in  the  statements.  The  manipu- 
lation which  we  recommend  is  certainly  the  safer. 

The  use  of  half  strength  hydrochloric  acid  has  been  recom- 
mended to  wash  out  iron  salts.  The  experiments  of  some 
chemists  seem  to  indicate  that  the  silica  obtained  as  above  is 
perceptibly  soluble  in  hydrochloric  acid  of  this  strength.  As 
the  iron  salts -seem  to  be  completely  removed  by  the  more 
dilute  acid,  we  prefer  to  use  it  as  a  precautionary  measure. 

If  the  dilution  and  washing  have  been  managed  with  care, 
the  silica  obtained  is  generally  perfectly  white,  and  the  residue 
after  the  treatment  of  hydrofluoric  acid  is  very  small.  If 
there  is  a  lint  of  iron  oxide  the  residue  will  be  larger.  In  no 
case  should  the  hydrofluoric  acid  treatment  lie  omitted  when 
determining  silicon  in  steel. 


MASTER  CAR  BUILDERS'  CONVENTION 


The  twenty-eighth  annual  convention  of  the  Master  Car 
Builders'  Association  was  opened  on  the  morning  of  June  12, 
at  Saratoga.  N.  Y..  with  President  Grieves,  of  the"  Baltimore  & 
Ohio  Railroad,  in  the  chair.  The-  preliminary  business,  inelud 
ing  the  President's  address,  Secretary's  and  Treasurer's  r< - 
ports,  was  transacted  in  the  new  convention  hall.  A  resume 
of  the  Secretary's  report  shows  that  there  are  now  826  mem- 
bers of  ill'-  Association,  including  active,  representative  ami 
associate  members.  The  Treasurer's  re  -purl  showed  that  the 
expenditures  made  during  Ine  past  year  were  $8,018.84,  leav- 
ing a  treasury  deficit  of  $21.30.  In'  the  report  of  the  Execu- 
tive Committee  a  suggestion  was  made  that  the  committee  be 
empowered  to  bring  the  subject  of  the  Master  Car-Builders 
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standards  to  the  attention  of  the  American  Railway  Associa- 
tion, and  especially  that  of  the  rules  of  interchange,  inasmuch 
as  if  these  rules  were  sanctioned  by  the  latter  association  they 
will  probably  be  grcatlv  strengthened. 

After  this  brief  introductory  business  the  regular  reports  of 
the  committees  were  taken  up  for  consideration.  The  first 
offered  was  that  on  indelible  pencils,  the  committee  on  which 
cuiumunicated  with  a  number  of  manufacturers  during  July 
and  August  of  last  year,  laying  down  the  following  require- 
ments of  the  properties  which  a  suitable  indelible  pencil  should 
s.     They  were  these  : 

1.  A  clear  black  pencil,  the  writing  of  which  cannot  be  erased 
by  india-rubber  or  by  other  means  without  considerable  trouble. 

2.  The  material  from  which  these  pencils  are  made  must 
retain  its  original  conditions  and  must  not  become  hardened 
or  spoiled  with  age. 

3.  The  pencils  must  be  so  that  they  can  be  readily  sharp- 
ened and  the  leads  not  easily  broken  by  clumsy-handed  men. 

4.  The  writing  must  not  smudge  or  run  if  wet. 

5.  The  writing  must  not  fade  by  exposure  to  light. 

After  subjecting  the  pencils  submitted  to  various  tests  simi- 
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PROPOSED   DETAIL    Ei  >R   BRAKE   BEAM   LOCATION 

lar  to  that  of  the  regular  use  on  inteichange  cards,  and  taking 
up  in  details  the  qualities  of  the  various  samples,  the  commit- 
tee stilted  that  they  felt  it  possible  for  them  to  specially  recom- 
mend pencils  Xos.  13  and  14.  American  carbon  pencil  No. 
113,  American  editor  pencil  No.  185  :  while  pencil  No.  12, 
Eagle  No.  4v_».  pencil  No.  15,  Dixon's  leather  and  cloth  marker 
No.  789,  pencil  No.  Is.  Dixon's  marking  pencil  No.  7s4.  pencil 
No.  19  and  Faber'a  No.  f.  Unverwischlich,  can  all  be  con- 
sidered as  good  pencils,  filling  the  requirements  fairly  well. 

The  next  paper  offered  was  that  on  the  standard  sizes  for 
catalogues,  specifications,  etc..  of  which  Mr.  Godfrey  W. 
Kbodes  was  Chairman.  It  is  unnecessary  to  reprint  the  whole 
of  this  report,  but  we  give  the  sizes  which  were  recommended 
for  the  Association's  standard. 

POSTAL   CARD   CIR(  t  LAIls. 

1.  3}  in.  X  6i  in. 

PAMI'ltLtTs    AJTD   TRADE    (  ATALOOI  I  - 

2.  34.  in.  X  6  in. 

u.  X  9  in. 
4.  !i  in.  x  12  in. 

SPECIFICATIONS    IXH   LETTER    PAPER. 

-     in.    ■    10}  in. 
The  reason  for  these  recommendations  is  that  the  postal  card 


circulars  is  that  of  the  size  ordinarily  used  ;  that  for  pamphlets 
aud  trade  catalogues  allows  the  paper  to  lie  folded  and  cut 
economically  without  much  wnste  from  stock  paper  '■'•'>  in.  x 
3?  in.  The  recommendations  for  specifications  and  letter  paper 
was  chosen,  as  it  can  be  cut  from  folio  sizes  17  in.  x  22  in. 
The  report  then  made  recommendations  in  regard  to  a  cheap 
file  case  for  tiling  the  papers  of  the  above  dimensions. 

This  report  was  followed  by  a  report  on  steel  tired  wheels, 
of  which  Mr.  K.  E.  Marshall  was  the  Chairman.  From  the 
replies  received  to  its  circulars  from  the  members  of  the  Asso- 
ciation the  following  information  was  tabulated  by  the  com- 
mittee : 

It  seems  to  be  the  consensus  of  opinion  that  1  in.  is  the  proper 
limit  of  thickness  for  tires.  On  account,  however,  of  the 
variety  of  sections  of  tires  used,  it  is  important  that  this  limit 
be  clearly  defined  ;  and  your  committee,  therefore,  offers  the 
following  recommendations  : 

1.  That  the  limit  for  thickness  of  tires  of  all  steel-tired 
wheels  shall  be  1  in.,  measured  normally  to  the  tread  and 
radially  to  the  curved  portions  of  the  flange  through  the  thin- 
nest part  within  4^  in.  from  the  back  of  the  flange— the  thick- 

■  ness  from  the  latter  point  to  outer  edge  of  tread 

to  be  not  less  than  4  in.  at  thinnest  part.     (See 

fig-  1.) 

2.  That,  in  order  to  facilitate  inspection,  a 
small  groove  shall  be  cut  on  outer  edge  of  all 

ft  ires  at  a  radius  J  in.  less  than  that  of  the  tread 
of  tire  when  worn  to  the  prescribed  limit. 
3.  That  the  above  recommendations  shall  be 
submitted  to  letter  ballot  for  adoption  as  "  rec- 
ommended practice"  of  the  Association. 

The  report  was  also  accompanied  by  numer- 
ous engravings  showing  the  methods  of  tire 
fastening  adopted  by  all  of  the  prominent  wheel 
manufacturers  in  this  country,  as  well  as  those 
of  the  Krupp  and  Arbel  wheels,  manufactured 
in  Germany  and  France.  These  methods  of 
fastening  have  l>een  so  repeatedly  published 
that  it  is  unnecessary  for  us  to  reprint  them 
here.  The  report  also 'includes  tables  giving  the 
numbers  of  different  makes  of  steel  tired  wheels 
in  use,  with  certain  schedules  of  defects  which 
have  developed  in  the  running  of  each  wheel. 

The  committee  having  charge  of  the  consid- 
eration of  brake  beams  report  that  they  found 
it  impossible  to  give  the  dimensions  for  the 
location  of  the  beam  and  brake  relatively  to  the 
center  line  of  the  metal  beam,  and  they  there- 
fore take  as  a  starting  point  one  which  was  ab- 
solutely fixed  and  had  no  reference  whatever 
to  a  particular  construction  of  beam.  The 
line  clrawu  horizontally  and  parallel  to  the  truck 
and  passing  through  the  point  of  contact  of 
tin  center  of  the  standard  Christie  brake  shoe 
with  the  tread  of  the  wheel  was  found  to  fulfill 
these  requirements.  Inquiry  showed  that  a 
standard  distance  of  604  in.  between  the  centers 
of  brake  shoes  has  liccn  adopted  by  a  very  large 
proportion  of  the  roads  using  a  metal  beam. 
This  is  also  true  of  the  adoption  of  the  Master  Car- 
Builders' standard  lateral  inclination  of  40°  for  the  brake  lever. 
The  committee  therefore  recommended  that  one  standard 
height  for  both  inside  and  outside  beams  should  be  adopted, 
and  this  is  13  in  .  measured  from  the  top  of  the  rail  to  the  cen- 
the  brake  shoe,  as  shown  in  the  figure.  The  construc- 
tion of  trucks  naturally  renders  it  moredilticult  to  get  a  stand- 
ard height  for  inside  hung  lieains  than  it  is  for  those  hung 
upon  the  outside.  If.  however,  the  Association  should  con- 
sider that  there  should  be  one  height  for  inside  and  another  for 
outside  beams,  a  recommendation  of  14i  in.  for  the  outside  and 
13  in    for  the  inside  was  made. 

In  the  discussion  which  followed,  Mr  West  called  attention 
to  the  advantage  of  the  outside  hung  beam,  in  that  when  an 
automatic  coupler  falls  down  it  will  strike  inside  brakes  hung 
at  a  height  of  13  in.,  whereas  it  would  be  cleared  by  the  higher 
outside  beams. 

The  report  on  safety  chains  for  freight  cars  may  be  reduced 
to  a  recommendation  on  the  part  of  the  committee  that  they 
arc  necessary  only  on  flat  ami  low  side  gondola  cars,  which 
are  frequently  used  as  twins  and  triplets  to  carry  lading,  ex- 
tending over  two  or  three  cars,  and  the  committee  did  not  rec- 
ommend the  general  use  of  safety  chains  on  any  classes  of  cars 
but  with  a  view  of  securing  interchangi  ability  with  any  that 
might  Ik-  applied,  recommended  a  chain  located  27  in.  from 
the  center  of  the  car  on  either  side,  made  of  1 :  -in.  iron,  secured 
by  eye-bolts  1 1  in.  in  diameter  passing  through  the  end  sills,  with 
a  4 -in.  hook  on  the  left  hand  side  as  you  face  the  car,  and  the 


- 


Vol.  LXVIII,  No.  7  ] 


AND    RAILROAD    JOURNAL. 


323 


end  link  of  the  other  being  of  H-in.  iron  ;  the  inside  hook  to 
extend  6i  in.  beyond  the  inside  face  of  the  knuckle  and  the 
link  of  the  corresponding  chain  to  extend  5J  in.  outside  this 
same  point,  leaving  a  slack  of  11J  in  to  compensate  for  curva- 
tures. The  general  impression  couveyed  by  the  discussion 
was  that  safety  chains  were  not  only  unnecessary,  but  it  would 
be  rendered  useless  bv  the  neglect  of  trainmen  to  hook  them. 

Mr.  Waite,  of  the  "Lake  Shore  Road,  called  attention  to  the 
general  practice  of  his  road  of  chaining  cars  together  where 
long  structural  iron  or  telegraph  poles  were  being  transported 
on  two  or  more  cars.  On  their  passenger  equipment  the  safety 
chains  are  placed  14£  in.  from  the  center.  This  report  was 
the  last  one  read  on  the  session  of  the  first  day,  and  the  next 
one  opened  on  the  morning  of  the  13th  with  the  readiug  of  the 
report  of  wheel  and  flange  gauges,  which  will  be  dealt  with 
fully  in  a  future  issue  of  this  paper. 

After  this  discussion,  the  time  of  the  convention  was  occu- 
pied by  the  report  of  the  Arbitration  Committee  on  the  pro- 
posed amendments  to  the  Rules  of  Interchange. 

Thursday  morning's  session  was  opened  by  a  continuation 
of  the  discussion  of  the  Rules  of  Interchange,  and  before  the 
session  closed  the  reports  on  road  tests  of  brake  shoes  was  sub- 
mitted, which  is  merely  a  report  of  progress  and  quite  in  line 
with  the  editorial  paragraph  commenting  on  the  probable  work 
of  this  committee  in  our  issue  for  June.  It  is  expected,  how- 
ever, that  the  tests  will  be  completed  within  three  mouths  and 
that  the  report  will  be  made  out  as  soon  thereafter  as  possible. 

The  report  of  laboratory  tests  of  brake  shoes  gave  a  resume 
of  the  work  which  has  been  done  by  Morin  and  Poiree,  in 
France,  and  by  Captain  Douglass  Galton,  in  1*78.  in  England 
The  report  also  included  tests  of  the  Pennsylvania  Road,  made 
in  1891  and  1S92,  and  had  an  appendix  in  the  shape  of  a  de- 
scription of  the  brake-shoe  testing  appliance  that  has  already 
been  published. 

On  Friday  morning  the  first  report  read  was  that  on  the 
lubrication  of  cars,  from  which  we  make  the  following  ab- 
stract :, 

LUBRICATION  OF  CARS. 

The  committee  opened  their  report  by  a  discussion  of  the 
relative  care  which  is  given  to  locomotives  and  cars,  and  re- 
ported that  there  was  quite  a  general  lack  of  information  as  to 
the  best  means  of  securing  proper  car  lubrication.  The  grades 
of  oil  in  use  on  American  cars  vary  from  a  very  cheap  crude 
oil  at  5  cents  to  the  best  refined  Galena  oil  at  35  cents  per  gall. 
Twenty-one  of  the  roads  replying  are  using  Galena  oil,  while 
17  roads  use  common  West  Virginia  or  black  oil,  and  eight 
roads  use  either  special  oils  or  else  part  Galena  and  part  com- 
mon black  oil. 

From  tue  replies  received  we  find  that  the  cost  of  oiling  cars 
per  1,000  miles  varies  from  6  cents  to  4 1 1' ;7  cents  on  passenger 
equipment,  and  from  G  cents  to  26/0  on  freight  cars. 

We  find  that  21  out  of  45  roads  use  special  cooling  com- 
pounds to  prevent  or  reduce  hot  boxes,  in  additiou  to  the 
regular  oil  lubricant.  A  singular  but  significant  fact  is  no- 
ticed, that  with  but  four  exceptions  the  use  of  special  cooling 
compounds  is  confined  to  the  roads  using  the  cheap  grade  of 
oils,  such  as  common  black  or  West  Virginia.  It  seems  that 
of  the  25  roads  who  find  no  need  for  a  special  cooliDg  mix- 
ture, that  21  of  them  are  those  who  use  only  the  high  grade 
Galena  oil.  This  would  seem  to  indicate  clearly  that  the  high 
grade  of  oils  are  better  lubricators  and  need  no  expensive  as- 
sistants in  the  shape  of  cooling  mixtures.  This  suggests  to 
your  committee  that  in  figuring  on  the  comparative  economy 
of  different  grades  of  oils,  the  feature  of  there  being  110  neces- 
sity for  a  special  cooler  for  use  of  trainmen  and  inspectors 
should  be  fully  recognized. 

From  the  21  roads  using  special  cooling  mixtures,  2  roads 
report  poor  results,  7  fair  results,  11  good,  and  1  very  good. 
It  can  safely  be  said  in  this  connection  that  there  are  undoubt- 
edly  many  cases  of  hot  boxes  occurring  to-day  that  can  be 
partially  or  wholly  remedied  by  these  special  coolers  judi- 
ciously used,  but  your  committee  firmly  believe  that  many,  if 
not  most  of  these  cars  could  be  equally  well  cared  for  by  the 
use  of  trainmen  or  inspectors  of  a  proper  quantity  of  freshly 
soaked  waste  and  oil,  carefully  applied,  the  poor  and  dirty 
waste  in  the  box  being  first  removed.  We  further  believe 
that  by  proper  care  being  taken,  in  connection  with  various 
important  points,  which  will  be  referred  to  later,  that  few  if 
any  hot  boxes  need  occur. 

The  record  of  hot  boxes  per  1,000  miles  on  passenger  equip- 
ment, as  reported,  shows  quite  a  variation,  running  from  .001 
to  .19,  the  average  being  .0516  ;  or,  in  other  words,  the  best 
record  was  one  hot  box  in  1.000,000  miles  run,  while  the  poor- 
est had  one  in  about  every  5.360  miles  run,  the  average  being 
one  in  about  every  30,000  miles,     A  curLus  fact  is  shown  by 


the  reports— namely,  that  the  three  roads  showing  the  best 
records  and  the  three  showing  the  poorest,  all  are  using  the 
highest  grades,  and  consequently  the  highest-priced  oils.  This 
fact  shows  quite  clearly  that,  though  the  best  results  can  only 
be  obtained  by  the  use  of  the  best  grades  of  oil,  poor  results 
may  be  had  with  the  same  oil  where  insufficient  attention  is 
paid  to  other  important  features  :  or,  in  other  words,  the 
quality  of  lubricant  is  only  one  of  the  many  details  that  must 
be  looked  after  in  the  successful  lubrication  and  cool  running 
of  car  journals. 

Another  very  curious  development  is  the  large  variation  in 
the  number  of  gallons  of  oil  used  to  the  thousand  miles  run. 
This  runs,  on  passenger  equipment,  as  high  as  4\  galls,  and 
as  low  as  T"„  of  a  gallon,  the  latter  figure  being  on  a  short 
road  with  but  few  trains,  which  runs  through  a  territory  free 
from  sand.  Most  roads  in  oiling  passenger  equipment  use 
from  1  to  2  galls,  per  car  per  1,000  miles  run.  The  great 
variation  will  account  readily  for  the  well-oiled  ties  on  some 
lines,  and  the  wheels  so  often  found  thickly  coaled  with  grease 
and  dirt.  There  is  undoubtedly  room  for  greater  economy 
and  much  improvement  by  more  careful  supervision  of  car 
oiling. 

In  the  oiling  of  freight  equipment  a  similarly  large  varia- 
tion in  practice  is  noticed  from  the  replies  received.  '1  he 
mioimum  amount  of  oil  used  is  slightly  less  than  $  of  a  gallon 
per  1,000  miles,  while  the  maximum  is  2i  gallons. 

Your  committee  feel  warranted  in  recommending  a  good 
grade  of  all-wool  waste,  which  is  free  from  dirt,  and  is  com- 
posed of  good  li  ing  fiber,  as  the  best  material  for  packing  that  can 
lie  obtained.  The  data  at  hand  does  not  wanant  giving  any 
reliable  conclusions  as  to  the  comparative  efficiency  and  econ- 
omy of  cotton  waste  and  elastic  wool. 

The  opinions  of  roads  with  regard  to  the  comparative  free- 
dom from  heating  of  iron  and  steel  axles  seem  to  be  about 
equally  divided,  and  about  all  that  can  be  said  is  that  prob- 
ably steel  axles  are  freer  from  flaws  and  seams  in  journals 
than  iron,  and  for  that  reason  heat  less  from  those  causes. 
But.  on  the  other  hand,  the  grain  of  steel  axles  being  much 
closer  than  in  iron,  there  is  less  opportunity  for  the  oil  to  be 
held  in  the  minute  spaces  between  the  molecules  of  metal, 
and,  as  a  consequence,  is  somewhat  more  difficult  to  lubricate 
steel  journals,  if  they  are  loaded  to  anywhere  near  their  full 
capacity. 

The  subject  of  proper  mixtures  and  metals  for  journal  bear- 
ings, and  the  kind  and  quality  of  metal  for  linings,  is  one 
which  the  replies  to  inquiries  show  to  be  in  a  very  undecided 
state.  There  seems  to  be  no  uniformity  of  opinion  on  any 
kind  of  metal  or  any  proportions  of  mixtures.  On  a  few 
points  as  to  journal  bearings  there  is  almost  entire  unanimity. 
All  but  two  out  of  46  roads  favor  a  solid  lead. lined  journal 
bearing.  Some  of  those  so  deciding  are  to  a  slight  extent 
using  tilled  shell  bearings.  All  roads  agree  that  the  journal 
bearings  should  be  ground  or  bored,  and  lined,  on  a  radius 
larger  at  least  by  .,W  in.  than  the  journal  they  are  to  run  on. 
Some  roads  wish  this  to  be  as  much  as  fa  in  larger.  It  is 
astonishing  to  find  a  few  roads  who  neither  bore  nor  grind 
their  journal  bearings,  but  simply  clean  the  surface  of  the 
bearing  and  coat  them  with  fa  to  fa  in.  of  lead  or  babbit,  and 
then  are  surprised  when  the  lining  is  worn  through  that  the 
hard,  sand-lined  surface  of  the  bearing  should  begin  to  cause 
heating  and  cutting  of  the  journal.  Xo  worse  or  more  dan- 
gerous practice  has  come  to  the  notice  of  youi  committee  thau 
allowing  practically  a  rough  unfinished  casting  to  be  used  on 
a  nicely  polished  journal  to  carry  the  weight  of  a  heavy 
passenger  coach,  or  sleeper,  moving  at  from  40  to  60  miles  an 
hour,  with  its  freight  of  human  lives  who  might  be  instantly 
killed  or  maimed  by  the  excessive  heating  and  consequent 
breaking  off  of  a  journal.  Your  committee  hope  that  every 
member  of  this  Association  will  discountenance  such  a  dan- 
gerous and  expensive  practice,  as  trying  to  avoid  the  slight 
cost  of  properly  boring  new  journal  bearings  at  the  possible 
and  probable  risk  and  cost  of  hot  boxes,  cut  and  broken  jour- 
nals, and  possible  wrecks  with  their  attendant  losses. 

The  information  received  by  the  committee  indicates  tin 
almost  universal  use  of  lead,  or  lead  with  a  very  small  per- 
centage of  antimony,  as  the  best  metal  for  lining  healings. 

Wool  has  greater  elasticity  and  retains  it  much  longer,  al- 
though it  does  not  absorb  and  feed  the  oil  quite  so  quickly  as 
cotton.  Oftentimes  some  of  your  committee  have  seen  car 
oilers  or  trainmen,  and  repairers,  repacking  or  partially  re- 
packing boxes  with  dry  waste,  over  which  an  excessive 
amount  of  oil  has  to  be  poured  to  give  it  the  appearand'  of 
being  properly  packed.  Such  practice  has  done  incalculable 
injury,  and  cannot  be  ton  strongly  discountenanced.  It  should 
be  a  universal  rule,  which  ought  to  stand  in  writing  in  every 
railroad  shop,  that  all  waste  must  be  soaked  iu  oil,  being  well 
covered,  for  at  least  21  hours  before  being  used  ;  if  possible  it 
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should  have  4s  hours  for  the  oil  to  act  on  it.  In  order  that 
waste  so  saturated  may  not  be  used  with  more  oil  than  it  will 
properly  hold,  before  using  it  should  be  drained  from  any  sur- 
plus  by  being  placed  on  a  screen  placed  so  the  drainings  will 
drip  on  to  the  still  soaking  waste  beneath. 

Experience  has  shown  to  us  the  fact  that  some  of  the  most 
serious  difficulties  due  to  journal  bearings  have  not. been  due 
to  varying  proportions  of  the  different  constituent  metals,  but 
rather  to  mechanical  defects.  It  is  an  open  question  if  it  is 
not  better  to  hold  to  the  curved  top  bearing,  with  its  few  cases 
of  hollow  journals,  than  to  make  the  bearing  straight,  thereby 
changing  the  standard  and  having  more  or  less  hot  boxes  in 
consequence.  The  committee  deem  it  wise  to  recommend  to 
the  consideration  of  the  Association  the  changing  of  the  pres- 
ent standard  3J  X  7  journal  bearing  and  key  to  the  form  given 
to  the  4i  X  8  bearing  and  key — namely,  make  the  top  of  the 
bearing  straight  and  curve  the  top  of  key  instead  of  the  oppo- 
site, as  it  now  is.  This  change  could  be  made  without  inter- 
fering with  interchangeability  of  parts,  and  in  a  few  years  all 
cars  would  be  changed,  with  the  benefits  accruing  yearly  to 
each  car  changed.  \Ve  would  also  recommend  that  all  Master 
Car-Builders'  journal  bearings  and  keys  made  or  purchased  be 
required  to  pass  the  inspection  and  test  of  the  gauges  shown 
in  tig.  2. 

The  committee  also  recommended  certain  gauges  to  be  used 
in  connection  with  the  sizes  of  brasses  and  wedges,  so  that  the 
fitting  would  be  properly  done. 

Before  concluding  this  report,  your  committee  have  one 
rather  radical  recommendation  to  make — namely,  that  for  the 
best  results  to  be  obtained  in  line  of  good  lubrication  of  cars 
and  freedom  from  hot  boxes,  oil  cans  and  clear  oil  should  be 
once  and  for  all  removed  from  and  forbidden  to  be  used  in 
shops,  shop  vards,  and  by  train  crews.  Clear  oil  to  be  used 
only  to  a  limited  extent  in  interchange  inspection  yards.  Thc- 
reason  for  our  recommendation  is  that  most  cases  of  heating 
of  journals  come  from  the  waste  sagging  away  from  the  jour- 
nal, and  therefore  no  oil  is  fed  to  it.  If  oil  is  poured  on  in 
such  a  case  it  only  lubricates  for  a  few  minutes,  for  the  oil 
still  cannot  feed  on  to  the  journal  ;  but  if  instead  of  oil  the 
dope  bucket  is  used  a  small  quantity  of  freshly  soaked  waste 
will  furnish  the  necessary  oil  and  will  at  the  same  time  fill  the 
box  with  waste  up  close  around  the  journal,  allowing  the  re- 
maining oil  in  the  balance  of  the  waste  to  feed  to  thejournal. 
If  at  shops  all  cars  are  freshly  packed  with  saturated  waste, 
or  tin-  box  is  properly  filled  with  such  there  is  surely  no  neces- 
sity for  the  oil  theu.  The  use  of  waste  in  this  matter  will 
save  much  in  the  needless  waste  of  oil,  as  well  as  put  the  oil 
boxes  in  the  best  condition  for  good  service. 

This  was  followed  bv  the  report  on  freight  car  brakes,  in 
which  the  committee  gave  a  detailed  statement  of  the  replies 
which  were  given  to  the  nineteen  questions  sent  out  in  their 
circular  of  inquiry  From  these  replies  it  is  seen  that  a  large 
majority  of  car-builders  were  in  favor  of  a  5  ft.  wheel  base, 
and  in  accordance  therewith  that  base  was  the  subject  of  a 
recommendation  on  the  part  of  the  committee.  The  commit- 
tee also  recommended  that  the  size  of  arch  bars  be  made  4 
in.  x  li  in  at  top.  4  in.  x  1  in.  at  the  bottom,  with  a  tie  bar 
of  4  in.  X  *  in.  No  recommendation  was  made  of  special  de- 
signs for  arch  bars,  as  there  was  no  uniformity  in  this  particu- 
lar. 

In  the  report  of  steam  heating,  the  same  methods  were  fol- 
lowed as  in  the  preceding  report.  There  were,  however. 
twenty-nine  questions  instead  of  nineteen.  From  these  it  is 
seen  that  then-  are  at  present  5,869  passenger  cars  equipped 
with  stean. -heating  apparatus  or  other  improved  methods  and 
ii. 432  cars  not  equipped.  This  represents  a  mileage  of  30,011 
miles. 

The  committee  also  received  answers  from  13  roads  repre 
senting  16,947  miles  anil  2.414  cars  which  have  not  adopted 
steam  heat,  making  a  grand  total  of  5,869  cur,  equipped  and 
8,846  not  equipped. 

The  report  on  airbrake  and  hand  brake  apparatus  on  cars 
resulted  in  the  showing  on  the  part  of  the  committee  that  the 
hand-brake  apparatus  as  usually  applied  to  the  passenger 
coaches  was  inadequate  to  give  a  full  brake  pressure  on  the 
wheels  on  account  of  the  lack  of  leverage  obtained  with  the 
small  hand  wheels  in  use.  These  latter  were  frequently  placed 
■  the  center  of  the  car  that  when  coupled  with  the 
vestibule  they  were  inoperative.  The  greater  portion  of  the 
report,  however,  was  taken  up  with  a  discussion  of  air  brake 
apparatus  and  its  proper  maintenance,  the  committee  uru'in^j 
that  greater  care  sh  mid  be  taken  in  tin  inspection  and  better 
arrangements  be  made  in  order  that  this  inspection  might  be 

thoroughly    done.      It     sh  .wed     that     very    few    roads     were 

equipped   with   adequate   facilities    for   doiiiL'    this,  and    then 

a    detailed    description    of    a    large    plant    wherein    the 

yard.-    and   sho|>s   were  so  piped   that    inspection   and    adjust- 


ment of  the  air-brake  apparatus  was  possible  at  all  points. 
In  some  cases  repairs  had  better  be  made  by  supplying 
new  parts,  such  as  defective  triple,  which  could  be  re- 
moved and  replaced  in  fifteen  minutes  and  had  been  done  in 
seven.  In  regard  to  the  defects  noticed  at  interchange  points, 
there  is  one  which  has  attracted  considerable  attention,  name- 
ly, that  of  the  cutting  of  coupling  gaskets.  In  an  effort  to 
keep  the  apparatus  clean  many  compauies  are  endeavoring  to 
enforce  the  hanging  up  of  the  hose  When  this  is  improperly 
done  the  bent  hose  becomes  a  receiving  basin  for  flying  dust 
and  cinders,  in  which  case  it  would  be  preferable  to  let  it  hang 
down.  The  hook  on  the  dummy  coupling  is  also  very  fre 
quently  inserted  inside  the  gasket,  with  the  result  that  the  use- 
fulness of  the  latter  is  destroyed  in  a  short  time.  The  remedy 
suggested  by  the  Central  Railway  Club  was  endorsed  by  the 
committee.  It  consisted  of  the  enlargement  of  the  point  of 
the  hook  on  the  present  dummy  coupler,  which  will  pievent 
its  improper  use,  thus  ensuring  freedom  from  damaging  contact 
with  the  gasket  and  exclusion  of  dirt  whenever  the  coupling 
is  hung  up. 

The  Committee  on  Car  Ventilation  summarizes  the  ideal  con- 
ditions of  the  same  in  ten  paragraphs  which  would  be  very 
difficult  to  realize.     These  were  : 

1.  The  admission  of  30  cub.  ft.  per  minute  per  passenger  of 
fresh  air  and  the  carrying  off  of  an  equal  amount  of  foul  air 
summer  and  winter. 

2.  The  fresh  air  so  admitted  must  not  be  moving  at  a  speed 
of  more  than  three  or  four  miles  per  hour  in  winter  time. 

3.  Fresh  air  admitted  must  be  at  a  temperature  in  winter 
time  of  about  70    F. 

4.  Fresh  air  so  admitted  in  winter  time  must  have  added  to 
it  a  proper  degree  of  moisture  for  the  temperature  at  which  it 
is  admitted,  according  to  the  average  humidity  of  the  atmos- 
phere when  at  70°  in  the  climate  in  which  the  cars  are  running. 

5.  No  system  of  winter  ventilation  can  be  successful  unless 
means  for  the  fresh-air  supply  are  provided  independently  of 
and  separately  from  the  windows  and  doors  as  well  as  the 
ventilators  for  carrying  off  the  foul  air. 

6.  The  fresh  warm  air  should  be  distributed  through  as 
many  openings  and  as  low  down  as  it  can  be  conveniently  ar- 
ranged for.  and  the  foul  air  should  be  carried  off  through  as 
many  small  openings  in  the  roof  of  the  car  as  can  conveniently 
be  arranged  for  in  winter. 

7.  The  ventilation  should  be  entirely  independent  of  the 
speed  of  the  train  and  act  equally  as  well  whether  the  car  is 
standing  or  running. 

8.  The  ventilation  should  be  so  arranged  that  there  will  be 
a  plenum  or  slight  excess  of  pressure  inside  the  car,  so  that  all 
drafts  will  be  outward  instead  of  inward,  and  smoke  and  dust 
thus  excluded. 

9.  It  is  most  desirable  that  double  windows  should  be  used, 
and  so  arranged  that  they  can  be  locked  fast  in  winter  time, 
but  readily  opened  in  summer  time. 

10.  It  is  most  desirable  that  an  inside  swinging  door  be  used, 
so  as  to  form  an  air  lock  or  inside  vestibule,  to  prevent  the 
admission  of  cold  air  and  dust  every  time  the  doors  to  the  plat- 
form are  opened. 

These  conditions  were  followed  by  a  discussion  of  the  un- 
healthfulnessof  apartments  containing  more  than  four  parts  in 
10,000  of  carbonic  acid  gas,  and  also  by  tables  showing  the 
conditions  of  air  in  sleeping  cars,  the  shop  yard  at  Aurora,  III., 
chair  cars,  suburban  coaches,  and  a  few  miscellaneous  tests. 
These  average  as  follows  :  Sleeping  cars,  .18  ;  shop  yard, 
.04975  ;  chair  cars,  .1072")  ;  suburban  coaches,  .1375.  The 
miscellaneous  tesfs  were  :  For  an  office  occupied  by  six  per- 
sons, with  a  door  to  the  hall  on  a  cold  day.  .0*5  :  the  opera 
house  in  rear  of  floor  seats,  house  full.  .143  :  chemical  lab- 
oratory, two  persons  and  two  lamps  burning,  .040. 

This  shows  that  the  air  of  sleeping  cars  is  the  most  impure 
that  was  encountered  by  the  committee  making  the  investiga- 
tion, and  that  the  purest  air  was  in  the  laboratory  occupied  by 
two  persons  with  two  lamps  burning,  even  more  so  than  that 
of  the  shop  yard,  which  was  probably  contaminated  to  a 
greater  or  less  extent  by  the  gases  from  furnaces  and  locomo- 
but  when  we  take  into  consideration  the  fact  that  there 
was  more  than  four  times  as  much  carbonic  acid  in  the  air  of 
the  Bleeping  car  as  there  was  in  the  laboratory,  it  is  readily 
understood  why  there  is  so  much  complaint  of  sleeping  car 
ventilation  and  why  there  are  so  many  headaches  in  the  morn- 
ing after  a  night's  travel. 

The  Committee  on  Compressed  Air  Appliances  and  Hydrau- 
lic Machinery  sent  out  a  circular  of  inquiry,  and  the  an- 
swer- received  thereto  showed  that  compressed  air  was  used  in 
ear  shops  and  yards  for  a  great  variety  of  purposes,  such  as 
jacks  for  lifting  and  lowering  freight  cars,  drop  pits  for  re- 
moving and  placing  car  wheels  in  trucks  under  all  classes  of 
:_'er   equipment,    pneumatic   portable    jacks   for   lifting 
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HOIST   FOR   LOADING  AND   UNLOADING  .CARS.    TRUCK   SHOP   HOIST  FOR  LIFTING  AND  TURNING  OVER  TRUCKS.     LAKE  SHORE  & 

MICHIGAN  SOUTHERN  RAILWAY. 


PIT  JACK    FOR  WHEEL  PIT.  TELESCOPE  JACK  FOR  WHEEL  PIT 

LAKE  SHORE   &   MICHIGAN    SOUTHERN    RAILWAY. 


SHOP  TRUCK  JACK. 


PASSENGER  TRUCK  DROP  PIT,  CHICAGO,   ROCK  ISLAND   &  PACIFIC  RAILWAY. 


MACHINE   FOR  APPLYING  AIR-HOSE  FITTINGS     NORTHERN  PACIFIC  RAILWAY 
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HYDROSTATIC  TESTING  MACHINE,  NORTHERN 
PACIFIC   RAILWAY. 


PLAN   FOR  APPLYING    HOSE  CONNECTIONS.     NEW    YORK,    PENN- 
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ARRANGEMENTS    FOR    TRANSFERRING    OIL    FROM   OIL   BARRELS 

TO  TANKS  IN  OIL  HOUSE,  NEW  YORK,  LAKE  ERIK  &  WESTERN  R.  R.        AIR-DUSTER  NOZZLE.  CHICAGO,  ROCK  ISLAND  &  PACIFIC  R.  R. 
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couplers  into  position,  pull-down  jacks  for  defective  sills. 
needle  beams  and  body  bolsters,  putting  couplers  on  air-brake 
hose,  cleaning  cushions,  upholstery,  carpets,  etc.,  loading 
wheels  and  axles,  litis  for  machine  tools,  operating  drills, 
rivets,  transferring  oil  from  the  barrel  to  tanks,  punches,  test- 
ing air-brakes  and  sand-blasts  for  applying  satin  finish  on 
silverware,  car  trimmings,  etc.  The  usual  method  of  obtain 
in:;  the  pressure  is  by  the  employment  of  a  locomotive  air- 
pump. 
Alter  reviewing  the  general  conditions  which  must  be  ob 
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served  in  the  application  of  compressed  air  to  shop  appliances, 
the  committee  recommends  a  few  points  to  be  observed  when 
establishing  air  plants. 

1.  Arrange  for  the  admission  of  cool  air  into  the  compressor, 
as  the  cooler  the  air  can  be  taken  in,  the  greater  the  economy 
in  the  cost  of  compressing. 

2.  Clean  air,  free  from  disagreeable  odors,  is  desirable  for 
cleaning  purposes,  and  should  be  provided  for  at  air-com- 
pressing plant. 

3.  It  is  advisable  that  the  storage  reservoir  be  placed  at  no 
great  distance  from  the  compressor,  the  principal  reason  being 
to  lessen  the  liability  of  yard  pipes  freezing  in  cold  weather. 
Proper  provision  should  be  made  for  drainage  of  pipes. 

4.  All  pipes  for  conveying  the  air  should  be  of  sufficient 
size  to  prevent  loss  through  friction,  bearing  in  mind  that 
they  cannot  be  too  large,  as  the  volume  of  air  contained 
therein  represents  that  much  increase  in  storage  capacity. 

5.  To  prevent  moisture,  dirt,  and  oil  from  passing  into  the 
air-using  appliances,  the  inlet  and  outlet  of  compressed  air  in 
the  storage  reservoir  should  be  separated  as  far  ;us  possible, 
and  connection  applied  near  top  of  reservoir,  and  a  drainage 
plug  provided  at  bottom  for  purpose  of  draining  off  accumula- 
tions of  water,  oil,  etc. 


which  we  estimate  would  have  taken  the  same  labor  from 
30  minutes  to  1  hour  to  have  removed. 

Several  members  report  using  pneumatic  jacks  for  lifting 
and  lowering  purposes  in  car  shops  and  repair  yards,  oper- 
ated by  a  line  of  pipe  leading  from  air  reservoir,  and  located 
convenient  to  tracks,  from  which  a  hose  connection  to  jack 
furnishes  the  air  pressure  required,  and  all  report  great  econ- 
omy resulting  from  their  use  over  the  present  common  screw 
and  hydraulic  hand  jacks,  a  saving  in  some  cases  of  5H  per 
cent. 

Special  attention  is  invited  to  the  air  appliances  for  apply- 
ing fittings  to  air-brake  and  steam  hose,  especially  machines 
similar  to  the  one  in  use  on  the  New  York,  Lake  Erie  A'  West- 
ern Railway,  which  is  reported  to  your  committee  as  perform- 
ing the  work  it  would  take  eight  men  to  do  by  hand.  Several 
other  well-designed  machines  of  this  nature  were  described 
and  reported  as  productive  of  great  economy.  Investigating 
these  machines  further,  your  committee  finds  : 

1.  You  can  use  up  all  the  rusty  couplings,  and  you  can 
apply  an  old  coupling  as  easily  as  a  new  one.  By  hand  it 
would  be  almost  impossible  to  get  an  old  coupling  into  some 
of  the  air  hose. 

2.  It  admits  of  having  air  hose  made  so  that  it  will  take 
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PULL-DOWN  JACK   FOR  REMOVING  CAR  SILLS.   NEEDLE  BEAMS  AND   BOLSTERS.   NORTHERN   PACIFIC  RAILWAY 


Explaining  the  value  of  compressed-air  appliances,  men- 
tioned herein,  it  is  reported  to  your  committee  that  the  pneu- 
matic jacks  or  drop  pits  corresponding  to  those  of  the  Lake 
Shore  A  Michigan  Southern,  and  Chicago,  Hock  Island  A 
Pacific  Railway  companies  (as  shown  in  cuts  herewith)  effect 
a  saving  of  47i  per  cent,  in  the  work  of  changing  wheels  in 
passenger-car  trucks.  The  devices  for  cleaning  car  cushions 
by  air,  shown  by  actual  tests  made  by  the  committee,  result 
in  a  very  large  saving.  The  average  time  consumed  by  two 
men  (one  operating  a  5^  cleaning  nozzle,  the  other  handling 
seats)  in  removing  the  dust  from  plush  and  springs  of  200 
seats,  making  them  absolutely  clean,  was  from  2?  to  33  sec- 
onds to  each  seat.  The  air  used  in  this  test  was  supplied 
from  a  reservoir,  and  varied  from  90  to  60  lbs.  pressure.  A 
similar  lest  at  cleaning  by  hand  with  common  rattan  beaters 
and  brushing  process  by  two  men  consumed  from  three  to 
four  minutes  to  each  seat,  effecting  a  saving  of  time  in  favor 
of  cleaning  by  compressed  air  of  85  per  cent. 

The  committee  witnessed  a  test  with  pneumalic  pulling- 
down  jack  in  pulling  down  defective  oak  center  sill  from 
freight  cars  where  the  vertical  bolts  securing  the  same  had 
become  corroded,  and  would  not  yield  to  the  blows  of  a  heavy 
sledge-hammer.  The  pneumatic  pulling-down  was  placed  in 
position  in  two  minutes,  and  «jll  pulled  entirely  loose  at  one 
end  in  40  seconds  ;  the  maclWe  was  again  reset  in  two  min- 
utes, and  the  other  end  of  sill  removed  in  30  seconds,  making 
5  minutes  and  10  seconds  to  remove  center  sill  by  two  men, 


from  20  to  30  lbs.  pressure  to  apply  couplings,  and  by  so 
doing  you  do  not  require  to  depend  so  much  on  the  band  or 
clamp'for  securing  hose  on  coupling,  thereby  reducing  the 
liability  of  hose  blowing  off  of  coupling  when  in  service, 
causing  delay,  etc. 

3.  With  one  or  two  of  these  machines  located  at  convenient 
points  on  a  system,  all  of  the  hose  can  be  fitted  up  where  ma- 
chines are  located,  which  would  concentrate  the  slock,  conse- 
quently doing  away  with  the  necessity  of  other  repair  points 
carrying  this  material,  effecting  a  large  saving  on  account  of 
not  accumulating  a  surplus  stock. 

The  novel  and  satisfactory  feature  of  whitewashing  a  round- 
house, as  reported  by  the  Chicago,  Burlington  A  Quincy  Rail- 
road Company,  and  one  or  two  other  roads,  by  placing  liquid 
lime  in  a  small  reservoir  and  charging  the  same  with  com- 
pressed air  and  applying  the  whitewash  by  means  of  hose  and 
spray  nozzle,  we  believe  could  be  successfully  employed  with 
saving  results  for  rough  structures  about  a  car-shop  plant  or 
yards,  and  the  subject  is  worthy  the  consideration  of  the 
members. 

It  was  reported  by  the  manufacturers  of  air  appliances  that 
superheated  compressed  air  used  in  air  lifts,  jacks,  engines, 
etc.,  increases  the  efficiency  fully  50  per  cent.,  hut  your  com- 
mittee was  unable  to  make  test  or  procure  reliable  data  on  the 
statement  which  would  be  of  value  in  deciding  the  question 
as  to  cost,  feasibility,  and  economy  in  its  use. 

A  large  number  "of    compressed-air  appliances  are  located 


3iO 


THE    AMERICAN    ENGINEER 


'[July,  1894. 


aoj,  jod  (Boo  jo  jsoo         »    ~n~* 


eo  —  —  —  h 


5- 

©  -4 


iq8pjj 


jaSnossoj 


00 


X 
O 
Ci 

< 

2 

(1. 
o 

X 
H 

z 

o 

s 

0) 

X 

H 

K 
O 
tt. 

(0 

2 

os 

D 
H 
u) 

OS 

> 

p 
o 

S 
o 
o 
o 

J 


[»1°J. 

si 

3 

j-  a  x  b 
«ri-  ct-r 

—•CO  05  3D 

cj  0  —  — 

DJ3  '^Ujd!^ 

a 
0 

1.55 
1.45 
0.04 

tl.utl  JJ1.,]  p  is  8.io.)a|3ua 

3 

EO  O  «  ^r 

b  id 


sjanoooy  J»qiO 


'3W«Ai  PaB  -ttOHBJ,  "[JO 


lenj 


BJi«daj£ 


00  -o  o 

«J5  X  O 

C»  1*  _  tO  O 

id xi  "ir^ 


ri co    •  »a  e* 


(Ol-t-t-O 


0000  c 

— •  T  »  5  « 

~-  id  ta  jo  i- 
cs»»-  co  — 

CO  CO  «  CO  CO 


CO 

■  ft  7'  ri 
•  -  CJ  CO 

01  ?»  N 

0 

a    - 

0 

■    .©    • 

1- 
i- 

<o 

O  -*  Ml 

■  Coo 

o* 

0    -    •    •    ■ 

d 

OW  «R 

•  T>  *»■  0» 

•  0'  e  0 

>d 

_  —  co 

:QDC*C* 

CO 

- 

-  -  c 

■  CO  O  01 

'  ei  to  ** 

-  - 

X  •— 

co  B 

O  tO 
7*" 

ss 

EC   - 

—  aa 

^-O' 

r*  0 

COO* 

to»n 

■t-t- 

■O      - 
•  7*      • 

—  0 

-  W      ■ 

0  7* 

coo* 

■  70  lO 

00 

■OO 

££ 

-<-X 

0  ■«* 

■  1-  oa 

Dl  03 
CtCJ 

w$ 

■d  o» 

■  Tf  CO 

.- 

~8TT 

•0 

CO 

fr.     ■     • 

■  iq 

0* 

Id    •    ■    ■     • 

©»•■•• 

—.—  JO 

co  root 

-«D 

COO 

O 

;i  . 

0  toc» 

■O  CO  >» 

OS 

■  m 

OB  3;  t- 
"TOO  CI 

•  S5 

0*        X 


,    C  S  "O 

5  »  § 

=  ■-  Tj 

=  =  = 

S  §  ° 
.£00 

MO  - 

^  » 

o  ^  o 

=  «j 

0  ■=  2" 

u  &  C 

a  »  S 

._  * 

a  *»  & 

1  o  S 


■CO 

■st^ 


■»HM  j"o  m«i«j 


»UW  J"0  J88a»9sBj 


9DJAJJS  II»  '3|IW  ain.il, 


■»I1W  3nii|3««s  pa»  » >|Ai3S 


»IIK  n|BJi  iqaiajj 


»I!IV   'l|"JJ,  iOSlMJSBJ 


i-aocci- 


!C  ■    ST.  ca  » 


t-  o  ?? 


;°8 

•bxi 


:  .&; 


sss 

MOT 

.  -  JS  O 
C?  -*  O 

■t- 

■  «0 

XXI- 

•Oi 

X 

lO     •     - 

V 

000 
c:  ■*  0 

—  to  w 

—  <r*  co 

"    ■ 

: 

t-   ; 

«   • 

■  0*0 
•  1-  — 

X  X 

.to    . 

■O)     • 

to 

0   * 

■ 

105 

< 


•fljBO  tqRtoaj 


■8JBJ  jarfneaeitj 


- 


x    -      CO 


CO      •         CO  3 


i-C»CC 

r^  —  t- 


auidug  j.hI  .>.-ii:j,ia  v 


c  "'  ^  -^ 

■J  CO  o  CO 


ci  co 
coo 

DOW 


is  g; 


»  co  o  -r 

i-  C  X  o 

Ci  T  CO  O 


o#  c  ~  —  X 

QDIO  1C  OS  ifl 

« -01-*— _-o_ 

C»  CO*  0/  M  co' 

x  ~  r.  ~  t~, 
—<  m  o>  j-  o 

T  fl»  «-H  #  CO 


*3u|qjH4\s  pnB  a3|AJ3£ 


t-      -» s*  c 

«n      -^  o  o 
—       X  lO  c 


o>  o  a 

5S?5 


C  -T 
CO  71 


■  CO  10 
■WCO 

■  t-x 


enfBJx  iqspij 


9U1BJX  JASU.WBHJ 


S3 

C1CO 


.-.  CO 
I- CO 


1>   C» 

1-0 


XCO 

C-.i-O 


X    -^-o 
.  cs'   !  et  o" 

,  cO         CO  -* 


.-  r. 

C£tO 
t  CO 


X  (-  IC 

coo*  0* 

1 5  3 

:h 

0*  tot- 

-  -r 

-. 

vote 

.«» 

—  x  o« 

Ot  ==.  r- 

:S 

.1.0 

coe*  co 

.0 

.CO 

.  0* 

—  c  — 

—  .  10  o5 
<o  -to  T_ 
o»  '  co  co* 


o»  tO 
o»co 


2  5* 
2  x> 


s.1 


.vHAjrts  n( 


piii»)l  11  • 
»:i\'ir)[n<>.io'|.i|«|R  o'Ajaq  p » laqmnis 


< 


fco  —  o 


^.3 

=     - 

^<3 


^  ^  =  : 

^  —  -  j* 

5«taH 

*T3     .    - 

—  2  Jo' 
■^  *  j:2 
<('J'JU 


ss 

32 

OO 

01 

:J 

"3 

■ 

:& 

;« 

—  ^ 

«segi 

-3  ^%$>  i 

5^55; 
*2  o  a  u  • 

H  =  =  *r  J 

335  5] 


;b 

j-t- 

"     ""■ 

''I* 

§;. 

3 
= 

j  i  = 

0:5  = 

X       S   =   = 

1   -*-- 

a  |  A  «,  "* 

*^-e-5 

5  51!  - 

H^^.l 

g  _--->»  ^»        | 

S  2  0  "j     i 

a  S    .    . 

=  a: 

s!M     ' 

Vol.  LXVIII,  No.  7] 


AND    RAILROAD    JOURNAL 


33* 


out  of  doors  under  circumstances  where  water  used  in  hydraulic 
machinery  would  not  be  economical  to  maintain  on  account  of 
freezing,  and  the  committee  therefore  decided  that  hydraulic 
machinery  does  not  possess  as  many  advantages  for  car  repairs 
and  construction  purposes  as  compressed  air  appliances.  This 
part  of  the  report  occupies  the  first  four  pages,  and  the  re- 
maining 10  are  used  in  illustrating  the  various  pneumatic  and 
hydraulic  appliances,  drawings  of  which  were  sent  to  the  com- 
mittee. Some  of  these  drawings  have  already  been  published 
in  The  American  Enoineer  and  Railroad  Journal. 
Among  them  we  would  cite  the  hydraulic  lift  used  at  the 
Uneonta  shops  of  the  Delaware  &  Hudson  Canal  Company, 
and  published  in  our  issue  of  April,  1893.  The  hydraulic-car 
lift  is  similar,  except  in  a  few  unimportant  details,  to  the 
locomotive  lift  published  in  July,  1893  ;  the  hydraulic  wheel- 
crane  published  in  April,  1893  ;  the  hydraulic  jack  for  car 
shops,  of  December,  1893.  In  addition  to  these  there  was  a 
13  in.  air  hoist  of  the  Chicago,  Burlington  &  Quincy  Hail- 
road,  and  a  similar  one  of  the  Minneapolis,  St.  Paul  ifc  Sault 
Ste.  Marie  Railway,  which  are  in  every  respect  similar  in  de- 
tail and  construction  to  those  published  in  our  issue  of  Feb- 
ruary, 1894,  illustrating  the  ones  used  at  the  shops  of  the  New 
York,  New  Haven  &  Hartford  Railroad,  at  New  Haven,  Conn. 
The  other  appliances  given  in  the  report  of  the  committee 
consisted  of  a  hoist  for  loading  and  unloading  cars  of  the  Lake 
Shore  &  Michigan  Southern  Railway,  a  pit  jack,  telescope 
jack,  and  shop  truck  jack  of  the  same  road  ;  a  passenger-car 
truck  drop-pit  of  the  Chicago,  Rock  Island  &  Pacific  Rail- 
way ;  a  pull-down  jack  for  removing  car  cylinders  of  the 
Northern  Pacific  Railway  ;  a  13  in.  pneumatic  truck  jack  on 
the  same  road  ;  a  pneumatic  hose  machine  for  applying  hose 
couplings  on  the  St.  Louis  &  Southwestern  Railway  ;  5-in.  air 
duster  nozzle  of  the  New  York,  Lake  Erie  &  Western  ;  a  sim- 
ilar nozzle  of  the  Chicago,  Rock  Island  ifc  Pacific  Railroad, 
and  also  an  air  duster  of  the  Cleveland,  Cincinnati,  Chicago  & 
St.  Louis  Railway.  The  plan  for  applying  lu.se  connections 
of  the  Pennsylvania  ifc  Ohio  Railroad  is  also  given,  and  the 
hose  couplings  for  transferring  oil  from  the  oil  barrel  to  the 
tanks  and  oil  house  of  the  New  York,  Lake  Erie  &  Western  ; 
an  air  hoist  for  loading  wheels  and  axles  of  the.  Cleveland,  Cin- 
cinnati, Chicago  ifc  St.  Louis  Railway  ;  a  hydraulic  testing 
machine  of  the  Northern  Pacific,  and  a  machine  for  applying 
air  hose  fittings  of  the  same  road.  These  illustrations  are  re- 
produced herewilh. 

The  committee  on  automatic  coupler  standards  and  limits 
made  an  elaborate  report  on  the  method  of  conducting  the 
coupler  tests  both  at  the  Watertown  arsenal  and  at  Altoona, 
giving  data  in  regard  to  the  shipping  directions  and  general 
conditions  of  the  test,  which  are  already  familiar  to  our  read- 
ers. One  feature,  in  addition  to  the  direct  tensile  lest  which 
was  made  at  Watertown,  and  the  drop  test  as  usually  conduct- 
ed at  Altoona,  is  the  newly  introduced  jerk  test,  in  which  an 
attempt  was  made  to  reproduce  as  nearly  as  possible  the  strains 
which  are  put  upon  a  coupler  in  starting  a  heavy  train,  or 
such  as  will  occur  at  sudden  changes  in  the  grade.  In  this  test 
two  draw-bats  were  used.  They  were  inverted  and  placed  in 
the  machine  together,  suspended  from  pedestals  by  tail  bolls 
and  yokes  and  freight  draft  springs,  allowing  If  in.  between 
striking  points,  and  held  in  position  as  arranged  for  in  the  con- 
struction of  the  machine.  A  weight  of  1,640  lbs.  was  dropped 
on  an  equalizer  bar  connecting  the  two  couplers.  Three  blows 
from  a  height  of  5  ft.  and  three  blows  from  a  height  of  10  ft., 
the  blows  being  continued  from  a  height  of  15  ft.  until  the 
coupler  was  destroyed  or  rendered  unserviceable.  The  results 
of  tiiese  tests  showed  that  16  per  cent,  of  the  shanks  cracked 
and  broke  behind  the  head,  20  per  cent  cracked  and  broke  in 
the  head  and  44  per  cent,  of  the  knuckles  were  broken.  In 
the  opinion  of  the  committee  these  tests  should  be  considered 
as  furnishing  independent  information  from  drop  tests  made 
on  a  solid  foundation.  It  is  acknowledged,  however,  that  it 
is  open  to  criticism  as  being  artificial  ;  but  without  it  there 
would  be  little  information  obtainable  as  to  the  efficiency  of 
locking  devices. 

The  result  of  this  test  contlicts  with  the  observation  of  ser- 
vice, for  whereas  in  actual  service  there  is  a  preponderance  of 
guard  arm  failures,  in  the  test  the  shank  failures  are  in  excess. 
The  probable  explanation  is  that  direct  blows  concentrate  the 
shock  on  the  opposite  side  of  shank,  whereas  a  glancing  blow 
or  one  from  a  broken  .link  and  pin  coupler  wedges  off  and 
breaks  the  guard  arm  alone. 

The  committee  stated  that  before  endorsing  the  recommenda- 
tions made  in  the  report  of  1893,  they  would  call  attention  to 
the  necessity  of  the  revision  of  the  dimensions  of  the  shank 
immediately  behind  the  head,  slating  that  while  larger  fillets 
would  accomplish  good  results,  they  believed,  at  the  same 
time,  a  more  satisfactory  design  would  be  the  widening  of  the 
shank  for  short  distances  together  with  the  introduction  of 


larger  fillets.  The  committee  have  also  called  attention  to  the 
indifference  displayed  toward  the  M.  C.  B.  contour  lines.  Out 
of  114  couplers  presented,  representing  25  different  kinds,  but 
30  couplers  fully  complied  with  the  AI.  C.  B,  limit  gauges. 

In  regard  to  locking  device  your  committee  is  at  a  loss  to 
recommend  anything  that  would  be  of  value.  It  has  been  im- 
possible to  assimilate  the  many  different  types  presented. 
This  must  be  the  work  of  future  investigation.  It  has  only  to 
say  that  the  results  show  that  locking  devices  are  efficient  in 
proportion  to  their  simplicity. 

The  committee  hesitated  in  recommending  the  material  to 
be  used  for  couplers.  The  result  shows  that  the  strongest 
coupler,  all  other  things  being  equal,  will  no  doubt  be  made 
of  steel.  The  worst  steel  bar,  however,  is  not  as  good  as  the 
best  malleable  iron  bar,  although  the  best  steel  bar  is  superior 
to  the  best  malleable  iron  bar,  and  the  poorest  steel  bar  is  bet- 
ter than  the  poorest  coupler  made  of  malleable  iron.  It  does 
not  follow,  however,  that  the  use  of  malleable  iron  is  to  be 
condemned  for  the  reason  that  your  committee  does  not  be- 
lieve that  strength  alone  is  the  all-important  item.  Few 
structures,  involving  expenditure  of  money,  are  designed  to 
do  more  than  is  required  of  them  with  the  proper  safety  fac- 
tor. A  coupler  of  steel  or  one  of  malleable  iron  may  be  made 
so  heavy  and  so  large  as  to  be  practically  indestructible,  and 
at  the  same  time  it  would  be  neither  cheap  in  first  cost  nor  sat- 
isfactory to  use.  Future  developments  would  seem  to  be  in 
the  line  of  making  a  coupler  as  light  as  possible,  and  sufficient- 
ly strong  to  meet  the  strains  to  which  it  is  subjected,  of  as 
cheap  material  as  is  consistent  with  the  above  ;  and  the  coupler 
which  will  have  the  highest  commercial  value  will  be  the  one 
which  combines  the  elements  "  minimum  weight,"  "  mini- 
mum first  cost,"  "the  greatest  average  strength,"  and  "the 
most  perfect  yet  simple  action."-  In  addition  to  this  we  must 
consider  also  the  cost  of  renewals  of  couplers  which  have  failed 
in  service. 

The  Secretary  of  the  Association  made  the  report  of  lighting 
passenger  car  equipment  on  account  of  the  fact  that  the  com- 
mittee were  not  prepared  to  render  a  report.  His  report  con- 
sists of  a  compilation  of  statements  from  various  roads  which 
are  using  Pinlsch  gas.  Frost  light  and  electricity.  Of  these, 
ten  roads  and  the  Wagner  and  Pullman  Palace  Car  Company 
leport  that  they  have  either  adopted  the  Pintsch  light  or  are 
equipping  cars  with  them  as  rapidly  as  possible.  The  Pull- 
man Company  report  that  it  is  a  great  saving  in  the  matter  of 
carpets  and  upholstery,  as  oil  lamps  leak  more  or  less  and  in- 
jure them.  The  New  York,  Ontario  ifc  Western  Road  repott 
that  all  cars  that  are  being  generally  repaired  are  equipped 
with  the  Frost  light  ;  other  roads  do  not  mention  at  what  rates 
the  introduction  of  this  light  is  being  extended.  Eight  roads 
report  having  used  electricity,  but  only  two,  the  Pennsylvania 
and  the  Chicago,  Milwaukee  ifc  St.  Paul,  are  continuing  its 
use,  the  others  having  abandoned  it  almost  entirely  on  account 
of  expense,  and  the  Chicago,  Alilwaukce  &  St.  Paul  arrange- 
ments are  those  of  an  independent  dynamo  under  the  designs 
of  Air.  Gibbs.  With  this  system  the  cost  of  running  light  is 
estimated  at  $.88  per  car  per  day  when  figured  on  a  seven-car 
train,  but  if  a  longer  train  were  taken  the  cost  per  car  would 
he  somewhat  less  as  the  allowance  for  attendance  would  be 
the  same. 

The  final  work  of  the  convention  was  transacted  on  Friday 
morning  with  the  continuation  of  a  discussion  on  the  inter- 
change rules  and  the  adoption  of  the  other  resolutions  of  thank- 
ing the  vaiious  parties  who  had  rendered  courtesies  to  the 
members  of  the  convention. 

On  Sunday  evening  a  memorial  service  was  held  in  the  par- 
lor of  Congress  Hall  to  Mr.  Joseph  K.  Bole,  of  the  American 
Steel  Casting  Company.  A  short  tribute  was  read  and  resolu- 
tions of  sympathy  and  appreciation  passed.  Similar  resolu- 
tions were  also  adopted  regarding  Robert  Ross,  who  was  killed 
at  the  last  city  elections  at  Troy,  N.  Y.,  of  Air.  Alfred  Reed 
Slack  and  Major  John  C.  Paul. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  help  to  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  to  make  our  list  more  complete  or  cor- 
rect, or  who  will  indicate  the  causes  or  the  cures  for  any  kind 
of  accidents  which  occur,  they  will  not  only  be  doing  us  a 
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favor,  but  will  bo  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  all  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  May,  has 
been  made  up.  Of  course  we  cannot  report  those  of  which  we 
have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   FOR   MAT. 

Parnassus,  Pa.,  May  :!.  —  A  collision  occurred  at  Johnstown 
on  the  Allegheny  Valley  Railroad  this  morning,  between  a 
gravel  train  and  an  accommodation  train.  The  engineer  and 
fireman  escaped  with  slight  bruises. 

Birmingham.  Ala..  May  6. — A  southbound  freight  on  the 
Louisville  it  Nashville  Railroad  was  wrecked  at  Wilhite  this 
morning.  Engineer  William  Whitman  was  instantly  crushed 
to  death,  and  his  fireman,  Joe  <>rr,  seriously  injured.  The 
cause  of  the  accident  was  that  the  freight  train  ran  off  the  end 
of  a  stub  switch,  when  the  engine  left  the  track  and  rolled 
down  a  10- ft.  embankment. 

West  Plains.  Ho.,  May  7. — A  freight  train  ran  into  a  bunch 
of  cattle  near  Brandsville  this  morning.  The  engine  and  six 
1  ir>  were  derailed  and  wrecked.  Engineer  Kersey  jumped, 
but  was  caught  by  a  car  and  was  literally  cut  in  two. 

Tomsville.  Ky..  May  8. —George  Patrick,  an  engineer  on 
the  Louisville  &  Nashville  Railroad,  committed  suicide  to-day 
on  account  of  an  accident  to  his  train  about  a  month  ago. 
The  engine  collided  with  another  on  account  of  an  order  he 
had  forgotten,  and  slight  idamage  was  done  to  both  locomo- 
-  :  no  one  was  injured.  He  had  been  in  the  railroad  ser- 
vice for  40  years,  and  this  was  his  first  accident.  He  was  dis- 
missed on  account  of  being  considered  untrustworthy,  and 
me  so  worried  over  it  that  his  mind  was  unbalance.!. 

Gilman,  111..  May  9. — A  northern  express  on  the  Illinois 
Central  Railroad  was  wrecked  at  Buckley,  9  miles  from  here 
to-day.  by  the  train  breaking  in  two.  Engineer  Samuel 
Edgerly  was  killed  almost  instantly. 

1  >  ivisville,  R.  I..  May  10. — There  was  a  rear-end  freight 
collision  at  this  point  on  the  Stonington  Division  of  the  New 
York.  New  Haven  &  Hartford  Railroad  this  morning.  Engi- 
neer A.  R.  Wilson  and  Fireman  W.  B.  Bogue  sustained  slight 
injuries  from  jumping.  The  headlight  of  the  locomotive  com- 
ing in  the  opposite  direction  dazzled  the  eyes  of  the  engineer, 
so  that  they  did  not  see  the  signals  of  the  train  into  which 
they  ran. 

Menominee  Junction,  Wis.,  May  10  —A  h  ad  end  collision 
occurred  between  a  passenger  train  and  a  freight  train  on  the 
Chicago  it  Northwestern  Railroad  to-day.  The  fireman  had 
both  legs  cut  off,  and  died  soon  afterward.  The  engineer  was 
also  killed. 

Hammond,  Ind.,  May  12.— The  Monon  passenger  train  from 
Louisville  was  wrecked  3  miles  east  of  here  this  morning. 
Bridge  workmen  who  left  a  switch  open  after  passing  with  a 
hand  car  are  responsible.  David  Pope,  the  engineer,  was  in- 
jured. 

Williite.  Ala..  May  18. — An  engine  was  derailed  by  an  open 
snitch  at  this  point  to  day,  and  Engineer  Whitman  was  killed. 

Springfield,  Mass.,  May  19. — The  Adams  express  train  from 
New  York  to  Boston  ran  into  an  open  switch  below  Elm 
•  on  the  New  York.  New  Haven  it  Hartford  Railroad 
just  l>efore  3  o"clock  this  morning,  and  crashed  into  a  freight 
train  back  of  the  freight  office.  The  express  locomotive  was 
damaged  and  freight  cars  were  derailed.  The  engineer  and 
fireman  were  slightlv  injured. 

Princeton,  Ky..  May  19.— A  collision  occurred  in  Standing 
Rock  tunnel  on  the  Newport  it  Mississippi  Valley  Road  to-day. 
The  engineer  and  fireman  jumped  and  escaped  with  slight 
injuries. 

Effingham,  111..  May  20. — Passenger  train  No.  24  of  the 
Illinois  Central  was  wrecked  today  at  Watson,  5  miles  south 
of  this  city.  Heavy  timbers  were  wedged  into  the  fr  ._ 
the  switch  at  the  south  end,  and  a  Treight  train  had  headed 
for  the  switch  to  let  No.  24  pass.  When  the  locomotive  of 
the  passenger  train  reached  the  obstruction  it  left  the  track 
and  ran  against  the  freight  locomotive.  Fireman  Charles 
Walters  of  the  freight  engine  was  painfully  injured,  and 
George  Baker  of  the  passenger  engine  was  also  hurt. 

Bordentown,    N.    J.,    May    22.  —  An   extra  coal    train   w;is 
wrecked  at   West   Palmyra,  on  the  Am  boy   Division  of  the 
Pennsylvania   Railroad,  this   morning,  by  a  washout,      i 
neer  Fine  was  seriously  injured. 

Galesburg,  111.,  May  25.  — A  lubricator  glass  in  an  engine  on 
the  Chicago,  Burlington  &  Quincy  Railroad  broke  at  this 
point,  an  1  '■',  qts.  of  kerosene  were  spilled  through  the  cab. 
Fireman  Eii.  Martin  was  set  on  fire,  and  with  flaming  clothes 
rushed  to  the  water  tank  and  jumped 'in,  extinguishing  the 


Barnes.  Engineer  Giddings,  after  stoppi  ig  his  train,  leaped 
from  his  engine  and  rolled  around  on  the  wet  grass.  The  fire- 
man's clothes  with  the  exception  of  his  undershirt  were  de- 
stroyed, lie  was  horribly  burned,  and  is  in  a  precarious  con- 
dition. 

Aurora,  111.,  May  24. — A  fast  train  on  the  Chicago.  Burling- 
ton it  Quincy  Railroad  ran  through  an  ouen  switch  near  here 
last  night.     Fireman  Ridgerley  was  fatally  injured. 

East  Liverpool,  O.,  May  24. — A  collision  occurred  on  the 
Cleveland,  Akron  &  Columbus  Railroad  this  morning  between 
a  freight  and  passenger  train.  Engineer  James  Johnston  had 
his  kneecap  seriously  injured,  and  Fireman  Paisley  sustained 
severe  injuries.  The  other  engineer  and  fireman  escaped  with 
slight  injuries. 

Philadelphia,  Pa.,  May  24. — There  was  a  collision  between 
a  Pennsylvania  and  Reading  locomotive  at  Powelton  Avenue 
this  morning.  The  Reading  engine  was  turned  over,  and 
Thomas  Ryan,  the  fireman,  was  badly  scalded  about  the  head, 
neck,  and  arms.  Thomas  Roche,  the  engineer,  jumped  and 
escaped  with  slight  injuries. 

Aquilla,  Tex.,  May  25.  — An  engine  and  six  cars  of  a  freight 
train  on  the'  Texas  Central  Railroad  jumped  the  track  here  to- 
night.    Engineer  John  Elliot  was  crushed  beneath  the  dSbria. 

Tyler,  Tex..  May  25. — While  Engineer  Frank  Gurr  with 
two  assistants  was  testing  a  new  locomotive  on  the  Cotton 
Belt  Line  to-day.  it  jumped  the  rails  and  rolled  down  an  em- 
bankment.    All  three  men  were  fatally  scalded. 

North  Yakima,  Wash.,  .May  27.  —  Back  water  from  the 
Yakima  River  undermined  a  small  bridge  on  the  Northern 
Pacific  Railroad  19  miles  east  of  here  this  morning,  and  a 
freight  train  crashed  through  the  bridge.  Engineer  Worth 
jumped,  but  was  badly  crushed. 

Cumberland.  Md.,  May  27. — An  express  train  on  the  Balti- 
more it  Ohio  Railroad  ran  into  a  landslide  7  miles  east  of  here 
this  morning.  Fireman  Rhinehart  was  buried  beneath  the 
locomotive,  as  was  also  Engineer  Nicholson.  Both  of  them 
were  killed  and  their  bodies  badly  burned. 

Salt  Lake.  Utah,  May  29. — A  work  train  on  the  Union 
Pacific  collided  with  a  passenger  train  near  Castle  Rock  to- 
night, killing  Engineer  James. 

Sharon,  Mass.,  May  30. — As  a  berry  train  on  the  Old  Colony 
Railroad  was  passing  this  point  this  morning,  it  crushed  into 
some  freight  cars  left  on  the  north-bound  track  by  the  local 
freight  train.  The  locomotive  was  somewhat  damaged.  The 
fireman,  Edw.  T.  Goodwin,  was  scalded  to  death. 

Milwaukee.  Wis..  May  30. — A  through  train  for  Chicago 
on  the  Wisconsin  Central  Railroad  was  wrecked  early  this 
morning  at  Mandville.  A  split  switch  had  been  tampered 
with,  allowing  the  wheels  of  the  locomotive  to  catch  the 
point.  James  Hubbard,  an  engineer,  and  George  Gearhart. 
fireman,  were  killed. 

Our  report  for  May,  it  will  be  seen,  includes  24  accidents, 
in  which  11  engineers  and  6  firemen  were  killed,  and  12  engi- 
neers and  10  firemen  were  injured.  The  causes  of  the  acci- 
dents may  be  classified  as  follows  : 

Break  in  two 1 

Bursting  gauge-glass 1 

Cattle  on  track 1 

Collisions 8 

Derailments 2 

Landslide 1 

Misplaced  switches 6 

Suicide 1 

Train  wrecking  1 

Washouts 2 

Total 24 

• 

SOME  EXHIBITS  AT  THE  CONVENTIONS. 


The  Committee  of  Arrangements  made  the  best  preparations 
for  the  reception  and  display  of  exhibits  that  have  yet  been 
in  ide.  Mr.  Clements,  of  Congress  Hall,  threw  the  back  piazzas 
of  his  hotel  open  to  all  exhibitors  free  of  charge  provided  they 
were  guests  of  his  house  ;  if  they  were  not,  a  small  charge 
was  made.  An  engine  with  boiler  was  provided,  together  with 
a  line  of  shafting  in  motion  from  which  power  was  taken  for 
one  or  two  devices.  There  was  also  a  Westinghousc  air  pump 
providing  air  pressure  for  those  who  wished  to  avail  themselves 
of  it.  Among  those  were  sanding  and  ventilating  devices  and 
tin  Kinsman  system  of  block  signaling.  Among  the  exhibits 
lected  the  following  as  being  especially  werthy  of  men- 
tion : 

L.  O.  CI  made  a  more  elaborate  display  at 

this  convention  than  any  previous  one  of  the  mohair  car  plushes 
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which  they  manufacture.  These  plushes  are  made  at  the  Band- 
ford  Mills,  of  Sandford,  Me.  The  especial  features  were  the 
displaying  of  figured  or  frieze  plushes,  which  are  so  generally 
used  in  parlor  anil  sleeping  car  work,  as  well  as  the  extra 
high  plushes  in  all  colors  for  the  same  purpose.  The  L.  C. 
Chase  Company's  usual  grade  of  low-pile  plushes  for  the  ordi- 
nary passenger  coach  work  was  shown  in  great  variety  of 
colors  and  in  widths  of  24  in.  and  28  in.  The  framed  sped 
mens  of  the  mateiial  which  enters  into  the  manufacture  of 
plush  attracted  especial  attention.  This  was  arranged  so  that 
it  showed  the  different  stages  through  which  the  mohair  passes 
from  its  crude  state  when  taken  from  the  Angora  tleeee  to  the 
completed  state  after  spinning.  There  were  also  some  fine 
specimens  of  crushed  plushes.  The  exhibit  was  in  charge  of 
R.  R.  Bishop,  Jr.  It  is  worthy  of  notice  that  at  the  recent 
World's  Fair  at  Chicago  these  plushes  received  five  first 
medals  and  five  diplomas,  which  was  practically  a  sweepstake 
over  other  competitors. 

The  Consolidated  Car  Heating  Company  made  an  elaborate 
display  of  the  several  devices  which  they  use  in  connection 
with  their  steam-heating  appliances.  The  display  of  this  com- 
pany has  always  attracted  a  great  deal  of  attention  at  previ- 
ous conventions.  They  heretofore  have  had  a  working  model 
of  their  apparatus,  showing  the  various  systems  of  direct 
circulation  and  commingler  heating  which  are  installed  by 
them.  They  have,  however,  rendered  this  work  so  familiar 
that  their  models  were  wanting  in  this  year's  exhibit,  but 
have  been  amply  compensated  for  in  the  details  which  they 
have  displayed.  These  details  consisted  of  a  large  number 
of  photographs  and  drawings  of  their  work,  together  with 
samples  of  the  new  electric  car  heater  which  they  are 
introducing,  and  which  was  thoroughly  illustrated  in  our 
issue  for  June,  1893.  This  company  has  also  recently 
made  an  arrangement  for  the  introduction  of  the  Pope 
compressed  system  of  car  lighting  into  this  country.  This 
system  has  been  extensively  introduced  in  England,  and 
the  exhibits  consisted  of  a  large  number  of  special  fit- 
tings with  photographs  of  the  application  to  cars  with 
plans'  of  the  various  compressing  plants  that  are  in  use  in 
England.  Owing  to  the  fact  that  the  drawings  and  photo- 
graphs were  required  at  Saratoga  until  the  last  minute,  we 
have  been  unable  to  reproduce  them  in  this  issue,  but  in 
our  issue  for  August  we  expect  to  publish  a  complete  de- 
scription of  the  Pope  system  of  lighting  cars  with  compressed 
air. 

Crosby  Steam  Gauge  t£  Value  Company. — The  display  of  this 
company,  which  has  been  for  several  years  under  the  personal 
supervision  of  Mr.  Edward  C.  Bates,  always  attracts  a  great 
deal  of  attention,  not  only  on  account  of  the  arrangement,  but 
of  the  beauty  of  the  finish  of  the  several  instruments  exhibit 
ed.  This  year  they  exhibited  a  vacuum  test  pump  which  is 
constructed  with  a  mercury  column,  and  is  so  arranged  that  it 
reaches  a  2s  in.  vacuum  with  a  very  tew  strokes  of  the  pump. 
Their  gauge-testing  machine  with  positive  weights  was  also  in 
evideuce.  This  is  a  very  simple  device,  and  is  one  which  the 
company  has  had  upon  the  market  for  a  number  of  years. 
Their  steam-engine  indicator  hail  au  attachment  which  is  some- 
what of  a  novelty,  being  Sargent's  electrical  attachment,  so 
that  any  number  of  simultaneous  cards  may  be  taken  at  the 
same  time  by  the  closing  of  oue  indicator  point.  They  also 
showed  Johnstone's  blow-off  cock,  which  was  designed  by  Mr. 
F.  W.  Johnstone,  of  the  Mexican  Central  Railway,  and  which 
is  kepi  closed  by  water  pressure,  and  first  blows  out  at  the 
bottom  and  clears  away  all  scale.  It  is  operated  with  a  direct 
pull,  and  seats  itself.  They  also  showed  locomotive  gauges 
with  black  face  and  white  figures  and  white  face  with  black 
figures,  together  with  bromide  enlargements  of  photographs 
of  their  supplies  aud  of  their  World's  Fair  exhibit.  In  addi- 
tion to  these  there  were  the  water  glass  attachments  and  self- 
closmg  water  glass  cocks  with  a  ball  held  in  suspension  by 
wires,  which  is  pushed  back  by  the  valve,  so  that  there  is  no 
danger  of  the  closing  ball  becoming  covered  by  scale  and  thus 
failing  to  cbse  in  case  the  water  glass  breaks.  There  were 
also  muftied  safety  valves  and  plain  Crosby  valves,  together 
with  a  syphon  attachment  for  steam  gauges.  This  latter 
is  especially  worthy  of  attention  because  it  supplies  an  ample 
water  leg  below  the  gauge,  and  thus  ensures  water  contact  in 
the  Bourdon  spring  at  all  times.  Too  much  stress  cannot  be 
laid  on  the  importance  of  proper  syphoning  of  steam  gauges, 
because  when  this  is  not  done  the  direct  heat  from  the  steam 
will  ruiu  the  spring  of  the  gauge  in  a  short  time.  There  was 
also  a  very  neat  design  for  a  hot  well  thermometer. 

The  A.  French  Spring  Company  had  samples  of  their  half 
elliptic  driving  springs,  aud  in  connection  with  the  Morris  Box 
Lid  Company  showed  the  Morris  box  lid  cover  for  oil  boxes. 
Mr.  Morris  has  also   recently  designed   a  steel  cover  for  air 


brake  hose  which  effectually  covers  the  opening  against  any 
extraneous  matter,  and  allows  it  to  hang  down  or  to  be  hooked 
up  as  with  a  dummy  coupling  if  desired. 

Kinsman  Block  System  Company  had  a  full-sized  model  ex- 
hibited of  their  apparatus,  which  was  illustrated  in  the  June 
issue  of  this  paper.  In  connection  there wilh  there  was  a  short 
length  of  model  track  with  trucks  thereon,  which  could  be 
run  backward  and  forward,  making  the  electric  connections 
and  applying  the  brakes.  This  exhibit  attracted  a  great  deal 
of  attention  on  the  part  of  all  railroad  men  present  ;  and  the 
consensus  of  opinion  was  that  it  was  not  only  decidedly  novel, 
but  very  effective.  For  a  full  description  of  the  apparatus  we 
would  refer  our  readers  to  our  June  issue. 

The  Ross  Valve  Company  exhibited  a  rack  with  a  full  line  of 
their  ieducing  valves,  together  with  blow-off  valves.  This 
exhibit  was  particularly  attractive  from  the  neatness  and  taste 
with  which  it  was  gotten  up. 

William  C.  Baker  hail  a  car  heater  ou  exhibition  with  the 
special  appliances  that  are  attached  thereto,  to  which  more  par- 
ticular reference  is  made  in  a  special  article  in  another  column 
of  this  paper. 

Simonds'  Rolling  Machine  Company  exhibited  pins  for  brake 
connections  and  signals,  staff  bauds,  boiler  patch  bolts  and 
track  bolts.  All  of  this  material  is  rolled,  and  even  the  square 
heads  attached  to  the  boiler  patch  bolts,  which  are  intended 
for  breaking  off,  are  rolled  by  their  process. 

Safety  Car  Heating  &  Lighting  Company  had  their  usual  ex- 
hibit of  Pintsch  gas  in  operation.  It  consisted  of  a  rack  con- 
taining a  tank  of  compressed  gas  with  the  regulating  apparatus 
together  with  the  cocks  and  lamps  in  operation.  The  light 
was  very  brilliant,  and,  inasmuch  as  it  was  located  in  a  promi- 
nent position  in  the  office  of  the  hotel,  attracted  a  great  deal  of 
attention. 

Taylor  Iron  d-  Steel  Company  exhibited  two  of  their  man- 
ganese steel  car  wheels  which  had  been  subjected  to  a  very 
severe  drop  test.  These,  we  believe,  were  the  same  which 
were  on  exhibition  at  Lakewood  one  year  ago,  and  which  ex- 
cited so  much  interest  at  that  time. 

Westinghouse  Air  Brake  Company  had  a  truck  on  exhibition 
showing  the  adaptation  of  their  air  brake  to  tire  front  truck  of 
a  locomotive.  This  arrangement  is  clearly  shown,  together 
with  the  dimensions  in  our  illustration  which  is  presented 
herewith.  It  will  be  seen  that  there  are  two  bars  extending 
across  the  truck  from  side  to  side,  bolted  to  the  top  frames, 
with  ttunnions  at  their  outer  extremities  to  which  the  brakes 
are  hung.  On  the  lower  bar  of  the  frame  there  are  pivoted 
two  floating  levers,  to  the  central  portion  of  which  the  brake 
shoes  of  oue  pair  of  wheels  are  attached.  As  the  brake  piston 
moves  outward  these  brake  shoes  are  thrust  up  against  the 
wheel  while  the  compression  connection  on  the  outside  leads 
back  and  forces  the  brake  beam  of  the  other  two  wheels  and 
wilh  it  its  brake  shoes  directly  against  the  wheels.  The  con- 
struction is  exceedingly  simple,  aud  will  be  readily  understood 
from  an  examination  of  the  engravings.  They  also  showed  an 
air  brake  inspection  machine,  which  is  also  illustrated  here- 
with. The  figure  represents  a  10-in.  passenger  car  cylinder 
with  the  machine  attached  ready  to  compress  the  release  spring 
and  bring  the  back  head  into  position  to  be  bolted  to  the  cyl- 
inder. A  is  a  rack-bar  having  an  extensible  portion,  B.  They 
are  connected  together  with  a  right  and  left-threaded  turn- 
buckle,  C.  Hardened  steel  center  points  are  inserted  in  the 
cross-bars  of  A  and  7?,  making  a  rigid  attachment  to  the  cylin- 
der by  a  slight  pressure  on  the  turnbuckle  when  adjusted  to 
the  cylinder  as  shown.  D  is  a  movable  head  having  an  ad- 
justable centerpiece,  E,  for  the  cylinder  head  to  rest  on  ;  this 
is  raised  or  lowered  to  suit  the  size  of  the  cylinder.  A  pinion 
gear,  operating  iu  the  teeth  of  the  rack-bar  .1,  is  connected  to 
the  movable  head  D  by  a  shaft,  and  is  operated  by  means  of 
a  crank  or  hand  wheel,  O.  As  the  head  is  moved  toward  the 
cylinder  it  is  held  in  position  by  means  of  a  pawl,  which  locks 
the  pinion  gear,  and  is  operated  by  the  spindle  11  and  spring  F. 
giving  the  workman  the  use  of  both  hands  to  bolt  the  head  lo 
the  cylinder.  The  machine  is  also  capable  of  adjustment  to 
the  14  iu.  car  cylinder,  and  includes  a  packing  former  for  each 
size. 

Scarritt  Furnitvrt  Company  also  exhibited  photographs  of 
the  Forney  car  seat,  and  notice  was  generally  given  that  they 
have  opened  an  office  at  33  Warren  Street,  where  their  car 
seats  are  in  various  designs  of  finish,  aud  are  now  on  exhibi- 
tion. 

The  Morton  Safety  Heating  Company  exhibited  a  model  of  a 
car  floor  with  an  application  ot  their  heating  system.  Our 
readers  will  remember  that  this  system  of  heating  consists  of  a 
line  of  large  pipes  that  are  tilled  with  a  porous  brick  that  ab- 
sorbs the  heat  of  the  steam  that  is  passed  through  it  and  stoiis 
it  for  future  use  in  the  beating  of  the  cars. 
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RECENT  EXPERIMENTS  IN  ARMOR 


Mu.  C.  E.  Ellis  recently  read  a  paper  on  this  subject  before 
the  Institution  of  Xaval  Architects,  from  which  we  make  an 
abstract,  referring  more  particularly  to  the  use  of  the  Harvey- 
ized  plates. 

iking  generally,  the  American  trials  are  characterized 
by  conditions  rather  more  favorable  to  the  plate  than  to  the 
shot,  while  in  France,  with  one  or  two  exceptions,  the  r 
has  been  the  case.  In  England,  however,  and  in  some  of  the 
trials  made  abroad,  the  authorities  appear  to  have  gauged 
most  accurately  the  resisting  power  of  the  Harvey  plate  to  the 
blow  to  be  delivered,  with  the  result  that  in  many  cases  tin 
shot  and  the  plate  appear  to  be  equally  matched.  A  good  in- 
stance is  to  be  found  in  the  trials  of  Messrs.  Cammell's  and 
its.  Vickers'  6  in.  steel  plates  on  the  NettU  An  examina 
tion  of  lh  \  ill  show  that,  with  the  highest  velocity 

■  ft.  per  second  I,  a  6-in.  Holtzer  projectile  was  unable  to 
perforate  the  plates,  damaged  as  they  had  been  by  two  pre- 
vious rounds.  According  to  the  Gavre  formula,  this  shot 
would  have  perforated  11  in.  of  wrought  iron  (or  13  in.,  ac- 
cording to  De  Marre's  formula),  so  that  we  get  a  supeiioril 
wrought  irjn  of  at  -     per  cent.     Other  instances  may 

be  found  in  the  nickel  steel  10*  in.  plate  of  Messrs.  Camtneil 
and  in  the  nickel-steel  plate  of  the  same  thickness  made  by  my 
own  companv   I  ~.joeburyuess  on  November  9  and  Oc- 

tober 10.  ".  -  lively.     The  Cammell  plate  was  curved 

to  molds  supplied  I  ralty.  and  was  only  penetrated 

to  the  depth  of  10  in.  In  the  Brown  plate  the  projectile  stuck 
in  the  plate,  broken,  and  we  may  assume  that  each  of  the 
plates  was  a  fair  match  for  the  blow  delivered.  The  gun  used 
was  the  9.8,  and,  with  a  Holtzer  she:.  I     -        -.  and  a  velocity 

-      -t   obtaina  -riking 

energy  was  obtained  of   10,900  foot  tons.     These  conditions 
would  give,  according  to  the  Gavre  or  De  Marre's  formula,  a 
perforation  in  w-rought  iron  of  22  in.  or  22?  in.,  showii.  _ 
the  plates  in  question  a  superiority  over  wrought  iron  o!  . 
per  cent,  at  U  . .    in,  the  Chatillon  Commentry  6?  in 

plate  gives  an  excellent  example  of  a  trial  where  the  conditions 
of  attack  and  defense  approximate  one  another. 

"  Taking  the  severest  blow,  we  find  that  the  plate  was  not  per- 
forated by  a  shot  which  would,  according  to  the  Gavre  for- 
mula, pierce  a  wrought-iron  plate  of  11.9  in.,  and.  according 
to  De  Marre's.  a  plate  of  13.S  iu.  in  thickness  ;  in  other  words, 
showing  a  superiority  over  wrought  iron  of  177  per  cent  ac- 
cording to  the  one,  and  of  205  per  cent  according  to  the  other 
formula. 

"  It  was  at  first  assumed  that  the  Harvey  process  was  con- 
siderably belter  adapted  to  nickel-steel  plates  than  to  all  steel, 
and  this*  is  still,  no  doubt,  the  pinion  in  the  United 

s.  In  the  Annapolis  trials  of  1S90  the  Schneider  nickel- 
steel  plate  was  undoubtedly  superior  to  the  all-.-u-el  plate  made 
by  the  same  firm  :  and  in  a  trial  of  3-in.  plates  in  May.  1891, 
the  nickel-steel  Harveyize  ited  to  be  better  than 

the  all-steel  plate.  In  the  Indian  Head  trials  of  the  same  year 
the  low  carbon  all-steel  Harveyized  plate  of  the  Bethlehem 
Company  ed   considerably   below   the   high   carbon 

nickel-steel  Harveyized  plate  of  I  but  in  this 

case  the  consideration  of  the  is  complicated  by  the 

difference  in  thi  •  is  probable  that  a  nickel  steel 

would  not  require  to  be  so  high  in  caibon  as  an  all-steel 
plate  to  give  th  -  rial,  however,  it 

seems  to  have  been  assumed  in  the  C  -  it  all  Har- 

veyized plates  should  be  made  of  nickel  steel.  Iu  Great  Brit- 
ain, however,  the  high  cost  of  nickel  has  caused  manufacturers 
to  turn  their  attention  to  producing  Harveyized  steel  ; 
containing  no  nickel,  and  an  examination  of  the  details  of  the 
various  trials  shows  that  all  have  succeeded  in  proving  the  re- 
of  the  theory  accepted  in  the  United  Si  ."■  -  There  may, 
perhaps,  be  a  slight.  ndency  to  crack  in  the  all 

than  iu  the  nick  :i  this  country  :  but 

this  is  more  than  compensated  for  in  the  superior  resistance  to 
penetration.  The  6  in.  Portsmouth  trials  all  demonstrate  this 
fact  -..tiun  may  also  be  called  to  the  trial  on  Octobet 

riment  showed  tl  Brown  all- 

steel  plate  more  effectually  broke  up  the  9  in.  shot  than  was 
the  <  .  similar  trial  of  the  nickel-  under  the 

conditions.  The  expense  of  the  addition  of  nickel  renders 
this  question  of  such  importan  here  are  no  for- 

-  available  for  providing  further  demonstration,  if 
• 

"  Apart  from  the  question  of  extra  cost,  there  are  also  | 
tical  considerations  which  affect  the  point  in  questi 
csperimei.'-  ;  ler  show  that  a  steel  plale 

containing  an  ordinary  ;  .f  nickel  and  a  high  per- 

centage of  carbon  is  practically  unmachinable.     If,  tber 


a  nickel-steel   plate   be  taken  containing,  say,  3  per  cent,  of 
nickel,  and   it  be  supercarburized  up  to,   say.  1   per  cent.,  its 
will  be  so  hard  (even  before  the  chilling  process  is  effect- 
hat  for  all  practical  purposes  it  will  be  impossible  to  drill 
and  tap  the  various  small  holes  that  arc  nearly  always  1. 

to  bemadeon  the  face  of  the  armor  plates  for  ships'  sides. 
In  the  case  of  steel  armor,  this  difficulty  |  which.  I  believe,  has 
already  arisen  in  tjie  United  States  in  the  case  of  nickel-steel 
-  not  exist,  and  thus  one  important  objection  to  the 
tion  of  the  Harvey  process  for  ships'  plates  as  required  by 
naval  architects  has  been  overcome  by  its  application  to  all- 
.rmor  in  place  of  nickel  steel. 
"  I  must  now  allude  to  the  doubts  that  have  been  expressed 
.he  difficulties  which  will  be  experienced  by  manufactu- 
rers in.adapting  the  process  to  curved  and  twisted  plates.  Both 
the  Dutch  and  the  Austrian  governments  appear  to  have  at- 
tached great  importance  to  this  consideration.  No  doubt  there 
are.  and  will  be.  difficulties  caused  by  the  warping  effect  of 
the  water  treatment,  and  time  alone  will  show  whether  they 
are  as  serious  as  the  detractors  of  the  system  allege.  I  think. 
however— and  I  am  sure  I  can  speak  for  the  other  armor-plate 
manufacturers  in  this  country — that  any  difficulties  thus  creat- 
ed will  be  readily  overcome.  Iu  the  first  place,  if  a  plate  is 
uniformly  heated  and  uniformly  chilled  any  alteration  of  its 
form  will  also  be  uniform.  A  very  little  experience,  therefore, 
will  teach  the  operator  the  lines  on  which  to  work,  particularly 
if  the  system  of  chilling  in  use  is  of  a  suitable  character.  We 
know  also  that  the  side  armor  for  the  Maine,  made  by  the  Beth- 
lehem Company,  has  been  accepted  by  the  United  States  Gov- 
ernment ;  and,  although  I  have  no  accurate  information  on  the 
point,  we  may  safely  assume  that  the  plates  were  not  straight. 
B  >tL  M  — rs.  Cammell  and  my  own  company  have  also  sm 
fully  made  sample  Harveyized  plates  to  molds  having  both 
curve  and  twist,  and  probably  other  manufacturers  have  done 
the  same. 

"  It  may  be  interesting  to  give  an  account  of  some  mechani- 
cal tests  showing  the  quality  of  the  soft  parts  of  Harveyized 

-  which  have  been  successful  in  trials.     Iu  the  early  si 
of  our  experiments  a  4-ft.  x  -4-ft.  X  9-in.  plate  was  tested  at 
Shoeburyness.  breaking  up  the  6  in.  Holtzer  in  the  usual  way 
without  cracking.     Tesl  pieces  were  taken  from  the  back  of 
the  plate  with  the  following  results  : 


Breaking  strain  per  sq .  in . . . 
Elongation  per  cent,  in  2  in 
Redaction  of  area  per  cent  . 
Cold  bends  without  fracture 


First 
.Specimen. 


SI  tous 
31    " 
57     " 
180° 


Second 
Specimen. 


30  tons. 

31  " 

til      ■ 
180° 


The  plate,  it  may  be  mentioned,  was  not  of  our  special  armor- 
plate  quality.     It  :_'ive-s.  however,  a  sufficient  indication  that. 
•   from  the  face,  the  body  of  the  steel  does  not.  at  least, 
from  the  application  of  the  process. 

"  One  eharac-terislic  of  this  kind  of  plate  must  be  specially 
mentioned.  I  refer  to  the  extraordinary  resistance  given  to 
shot  by  small  fragments  of  plate  only.  Perhaps  the  most  con- 
spicuous instance  of  this  is  given  by  the  Bethlehem  14-in. 
plate  of  February  11,  1*93.  where  a  loin.  Holtzer  projectile 
tired,  at  a  velocity  of  2,059  ft.  per  second,  at  a  piece  of 
plate  weighing  oulv  A\  tons,  and  was  broken  up  with  a  pene- 
tration of  11  in.  The  total  striking  energy  of  the  blow  was 
14.715  foot  tons,  or  3.344  foot-tons  per  ton  of  plate.  Another 
example  may  be  found  in  a  recent  trial  of  a  6  in.  steel  j date- 
made  by  my  company.  The  fourth  shot  of  thi-  lired 
nearly  at  the  center  of  the  plate  after  cracks  had  been  made, 
that  the  point  of  impact  was  about  the  middle  of  an 
equilatera  -He  measuring  about  2  ft.  The 
6-in.  shot,  with  a  velocity  of  1,815  ft.  per  second,  was  com- 
pletely broken  up  ;  one  small  crack  only  was  made,  and  the 
fragment  of  plate  represented  by  the  triangle,  dished  to  the  ex- 
tent of  an  inch,  showing  the  tough  nature  of  the  material. 
If.  therefore,  the  Harvey  plate  l>e  broken.up.  but  it-  fragments 
still  adhere  to  ihe  backing,  it  still  presents  a  considerable  re- 
sisting power.  It  seems,  however,  from  the  foregoing  re- 
marks, that  it  might  be  desirable  to  have  a  greater  number  of 
bolts  per  square  foot  of  plate  than  was  the  case  in  the  old  form 
nor. 

"  With  the  above  facts  before  us.  we  are  enabled  to  form 
some  idea  of  the  improvements  that  have  recently  been  effect- 
ed in  armor  plate  manufacture,  and  of  the  relative  value  of  the 
various  kind-  of  armor.  Without  disregarding  the  excellent 
qualities  of  the  steel  and  nickel  plates,  I  think  that  Harveyized 
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armor  would  be  a  more  efficient  defense  to  the  vital  parts  of 
any  ship  of  war,  whether  battleship  or  cruiser,  than  any  other 
type  of  plate.  Opinions  may  differ  as  to  the  percentage  of 
superiority  it  possesses,  but  I  do  not  think  I  am  overestimating 
its  value  when  I  place  its  resisting  power  at  50  per  cent,  above 
the  steel  and  compound  plates  of  1888,  which  I  have  chosen  as 
the  basis  of  comparison.  This  advantage  can  be  used  by  the 
naval  architect  in  one  of  two  ways  :  he  can  either  clothe  with 
armor  a  greater  part  of  his  ship,  or  he  can  obtain  greater  re 
sistance,  keeping  the  same  thickness  of  armor.  The  new  de- 
velopment is,  therefore,  of  the  greatest  importance  ;  and  it 
will  be  a  matter  of  satisfaction  to  this  Institution  that  the  Brit- 
ish Admiralty  have  been  the  first  naval  authority  in  Europe  to 
realize  the  value  of  this  new  form  of  armor,  and  to  apply  it  to 
their  most  recent  designs." 


OBITUARY. 


Robeut  E.  Ricker.— The  death  of  Robert  E.  Ricker  was  an- 
nounced from  Weeping  Water,  Neb.,  on  May  18.  Mr.  Ricker 
was  formerly  Superintendent  of  the  Vandalia  Line,  Superin 
tendentof  Motive  Power  of  the  Pennsylvania  Railroad,  General 


be  equipped  with  the  beamless  brake.  Many  features  of  the 
brake  have  been  improved  over  that  shown  at  the  World's 
Pair.  With  the  beamless  brake,  as  now  constructed,  the  stop- 
ping qualities  are  greatly  enhanced.  The  company  also  have 
a  large  order  for  mining  cars  which  are  to  be  equipped  with 


Superintendent  and  Engineer  of  the  Central  Railroad  of  New   i   rated  at  six  freight  cars  a  day 


AIR-BRAKE  INSPECTION  MACHINE. 

the  manganese  si  eel  wheel  made  by  the  Taylor  Iron  &  Steel  Com- 
pany, of  High  Bridge,  N.  J.  The  capacity  of  the  works  is  now 


tAPPLICATION  .OF   AIR  BRAKE  TO   FRONT,  TRUCK   OF   LOCOMOTIVE. 

Manufactures. 


Jersey,  and  Superintendent  of  the  Manhattan  Elevated  Rail 
way,  in  New  York. 


General  Notes. 


Poor's  Manual  will  hereafter  be  published  from  No.  44 
Broad  Street,  New  York. 

The  Bloomsburg  Car  Company  report  that,  notwithstand- 
ing the  dull  times,  they  are  working  nearly  their  full  force, 
and  are  just  finishing  a  large  order  of  freight  cars  for  the  New 
York,  Susquehanna  &  Western  Railroad,  50  of  which  are  to 


DIRECT  CONNECTION    ENGINE    AND  DYNAMO 


Tiieke  has  been  a  constant  tendency  during  recent  years  in 
the  equipment  of  electric  power  and  lighting  plants  toward 
the  direct  coupling  of  the  engine  to  the  dynamo  shaft.  The 
two  methods  in  use  are  to  use  a  slow-running  dynamo  or  a 
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high-speed  engine,  both  of  which  have  given  more  economical 
results    than  those    obtained    by   the  intervention    of    belt- 


vacuum  of  25.75  in.,  the  engine  making  the  same  number  of 
revolutions,  the  indicated  II. P.  shows  it  327.75  with  a  water 
consumption  per  indicated  II  P.  of  15  59  lbs. 


DIRECT   CONNECTION   ENGINE  AND  DYNAMO,   MADE   BY   RUSSELL  &   CO.,   MASSILLON,   O. 


We  illustrate  in  this  connection  a  new  plant  which  was  re- 
cently installed  in  the  station  of  the  Edison  Electric  Light 
Company,  of  Grand  Rapids,  Mich.,  by  Husscll  &  Co.,  of  Mas- 
sillon,  O.  The  installation,  as  will  be  seen  from  the  engrav- 
ing, is  direct  coupled  dynamos  and  engines,  and  presents  some 
features  of  interest  which  deserve  especial  attention.  The  out 
fit  consists  of  one  four-valve  compound  condensing  engine  15 
in.  x  24  in.  X  24  in.,  rated  at  from  300  to  400  II. P..  and  two 
one-killowatt  generators  made  by  the  General  Electric  Com- 
pany, ol  Schenectady,  X.  Y. 

The  bed  of  the  engine  and  the  fields  of  the  dynamos  rest 
upon  a  common  iron  base,  the  main  .shaft  of  the  engine  carry- 
ing, in  addition  to  the  living  wheel,  the  two  armatures.  This 
shaft  i.N  carried  by  two  pillow  blocks  mounted  in  detachable 
iron  stands  so  that  the  armatures  may  be  removed  without 
lifting  th'-  shaft  out  of  place.  The  engine  is  a  tandem  type 
with  the  high-pressure  cylinder  next  the  cross-head,  and  stuff- 
ing-box between  the  two  cylinder  heads. 

In  a  recent  test  conducted   by  Mr.  Frank   Simonds  to'deter- 


CAPITAL  VISES  AND  JACK  SCREWS. 


The  Capital  Machine  Tool  Company,  of  Auburn,  N.  Y., 
aie  manufacturing  a  line  of  vises  and  jack  screws,  illustrations 
of  which  we  give  in  the  accompanying  engravings,  figs.  1,  2,  3 
and  4.  Fig.  1  represents  a  wood-work  vise  which  opens  10 
in.  with  one  movement.  Fig.  2  is  the  sectional  7  in.  plumber's 
vise,  taking  in  pipe  ranging  from  4;  in.  to  5  in.  with  one  sim- 
ple movement.  Fig.  3  is  a  machinist's  vise  ready  for  use,  with 
which  the  user  stands  in  the  same  position  as  with  the  common 
screw  vise.  The  vise  is  closed  with  one  sliding  motion  with 
one  hand  and  without  turning  the  screw  until  the  work  is 
reached,  and  then  a  half  him  of  flic  handle  or  Fcrcw  secures 
the  work.  The  prin- 
c  i  p  a  1  advantage 
claimed  is  that  there 
is  the  great  saving  of 
time  and  no  turn  of 
the   handles  to   bring 


Fig.   1. 


Fig.  2.  Fig.  3. 

THE   CAPITAL   VISES  AND  JACK   SCREWS. 


Fig.   4. 


nunc  the  engine's  economy  in  verification  of  the  builders'  guar- 
antees, the  following  results  were  obtained  : 

In  a  six  hour  trial,  while  running  non-condensing,  with  an 
average  steam  pressure  of  139.5  lbs.,  the  engines  making  162 

revolutions  per  minute,  the  average  indicated    II. P.  developed 

was  :'()?. 74  and  the  water  consumed  per  indicated  II.  1'.  was 
18.85  lbs.  Another  trial  of  the  same  length  with  an  engine  run- 
ning   condensing,  the    steam    pressure    being    130  lbs.  with  a 


the  jaws  to  the  work,  simply  a  sliding  movement,  so  that  the 
wear  on  the  screw  and  nut  is  very  much  less  than  in  the  old 
method.  In  this  way  it  is  naturally  seen  that,  the  screw  and 
nut  are  used  very  nmeli  less  than  in  the  old  way  and  with  a 
corresponding  less  amount  of  wear.  The  advantages  claimed 
by  their  jack  screws  are  that  they  are  full  size  screws,  that  the 
collars  are  of  steel,  and  screws  of  the  same  material.  A  dip- 
loma and  medal  was  awarded  the  firm  at  the  Chicago  Fair. 
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EDITORIAL   NOTES. 


The  Secretary  of  the  Master  Car- Builders'  Association  has 
issued  his  call  for  the  letter  ballot  on  the  new  standards  that 
have  been  offered  for  adoption.  The  one  which  affects  the 
largest  number  outside  the  railroad  circles — in  fact,  the  only  one 
which  does  so— is  that  relating  to  the  standard  sizes  of  cata- 
logues, circulars  and  specifications.  It  is  needless  to  recapitu- 
late the  troubles  experienced  in  every  office  in  the  care  of  cata- 
logues, for  they  are  very  familiar  to  all,  so  the  adoption  of  the 
standard  may  be  urged  on  the  ground  of  being  a  public  bene- 
fit ;  and  when  this  has  been  done,  the  fact  should  be  extensive- 
ly advertised  in  order  that  manufacturers  and  others  may  shape 
new  catalogues  in  accordance  with  the  sizes  recommended. 


Another  proposed  standard  that  will  save  a  deal  of  mis- 
understanding is  the  one  defining  the  terms  used  with  refer- 
ence to  wheels  and  gauges.  It  might  be  impossible  for  any 
twelve  men  to  agree  on  the  most  desirable  point  at  which  to 
locate  the  gauge  line  of  car  wheels  ;  but  that  is  no  reason  why 
all  hands  should  not  agree  to  adopt  some  specific  point.  Any 
point  from  the  bottom  of  the  throat  to  the  back  of  the  flange 
is  better  than  the  indefiniteness  that  now  exists.  If  any  one  is 
dissatisfied  with  the  selections  made,  it  is  no  reason  why  he 
should  not  vote  for  the  adoption,  for  in  private  calculations  he 
can  act  as  he  chooses,  and  only  when  in  communication  with 
outsiders  will  he  lie  obliged  to  speak  the  common  tongue. 


In  our  column  for  Notes  and  News  we  chronicle  two  cases 
of  record  breaking  that  cannot  fail  to  be  of  interest  to  those 
interested  in  naval  affairs.  The  British  Navy  is  now  in  pos- 
session of  the  fastest  vessel  in  the  world.  The  Daring,  built 
by  Messrs.  Thornycroft  it  Co.,  has  eclipsed  all  rivals  by  de- 


veloping the  tremendous  speed  of  29.3  knots  for  a  single  spurt 
over  a  measured  mile.  This  is  at  the  rate  of  nearly  34  miles 
an  hour,  or  nearly  up  to  the  average  express  speeds  between 
New  York  and  Chicago  a  few  years  ago,  and  ahead  of  any 
speed  yet  developed  by  a  boat  in  America.  Not  less  remark- 
able and  interesting  is  the  record-breaking  that  has  been  ac- 
complished by  the  Minneapolis,  a  sister  ship  to  the  Columbia 
— herself  a  record-breaker.  Thus,  England  has  a  torpedo-boat 
chaser  that  can  overhaul  anything  as  yet  afloat,  and  the  United 
States  has  a  cruiser  capable  of  overhauling  any  sea-going 
passenger  or  freight  steamer.  The  Minneapolis  has  netted  her 
builders  a  fortune  in  the  premium  which  she  has  won,  and  the 
question  is  being  raised  as  to  whether  it  would  not  be  advisa- 
ble to  discard  the  payment  of  such  sums  as  are  now  paid 
when  the  contract  speeds  are  exceeded.  A  few  years  since 
it  may  be  that  American  designers  were  unable  to  predict 
with  precision  the  performance  of  their  vessels,  but  surely 
such  a  state  of  affairs  belongs  to  the  past.  Then  it  is  doubted 
by  many  whether  premiums  should  be  paid  for  a  speed  that 
can  never  be  attained  while  the  vessel  is  in  service,  and  which 
was  attained  under  conditions  that  will  never  arise  again. 


AFTER  THE  BATTLE. 


Some  one  has  said  that  "  human  experience,  like  the  stern- 
lights  of  a  ship  at  sea,  illumines  only  the  path  which  we  have 
passed  over, ' '  and  it  might  also  be  added  that  on  the  great 
ocean  of  life  the  course  in  which  others  have  sailed  vanishes 
like  the  phosphorescent  wake  of  a  vessel,  and  is  thus  only  a 
momentary  guide  to  those  who  follow.  Experience  in  the  past 
seems  to  have  taught  mankind  only  to  a  very  limited  extent  how 
to  avoid  mistakes,  and  it  will  probably  not  be  a  much  better  pilot 
in  the  future.  Still,  as  civilization  has  advanced,  the  rocks  and 
shoals  and  currents  have  been  encountered  and  have  been 
marked,  and  some  of  those  who  are  wise  learn  how  to  avoid 
them. 

The  great  Pullman  strike  has  darkened  the  land,  has  appar- 
ently failed  of  its  purpose,  or,  as  the  newspapers  announce, 
has  ' '  collapsed. ' '  It  has  caused  a  lamentable  loss  of  life,  gTeat 
destruction  of  property,  and  enormous  expense.  Its  direct  cost  is 
now  estimated  at  from  five  to  eight  millions  of  dollars,  and  be- 
sides that  the  business  of  the  whole  country  was  temporarily 
checked  and  thousands  of  people  were  subjected  to  incalculable 
inconvenience  and  hardship.  There  is  nothing  new  in  all  this. 
It  is  but  a  repetition,  in  a  somewhat  larger  scale,  of  what  has 
occurred  over  and  over  again.  The  questions  which  have 
arisen  are  the  same,  and  the  methods  adopted  for  forcing  a 
determination  of  them  are  those  with  which  a  hundred  years  or 
more  of  experience  has  made  us  familiar. 

I  the  effect  upon  the  stricken,  there  seems  to  be  a  noticeable 
analogy  between  a  strike  and  a  pestilence.  Probably  the  great 
proportion  of  people  who  are  attacked  with  disease  regard 
their  affliction  as  an  exceptional  visitation,  and  out  of  the  regu- 
lar order  of  events,  or  as  something  which,  like  an  evil  spirit. 
has  invaded  the  system  and  requires  to  be  exorcised.  The  ex- 
perienced physician,  however,  has  a  "  clear  recognition  of  dis- 
ease as  being,  equally  with  life,  a  process  governed  by  what  we 
should  now  call  natural  laws,  which  can  be  known  by  ob- 
servation, and  which  indicate  the  spontaneous  and  normal 
direction  of  recovery,  by  following  which  alone  can  the  physi- 
cian succeed."  Strikes  are  a  disease  of  the  social  organism, 
and  as  ineradicable,  probably,  as  measles  or  catarrh  are  in  the 
human  race. 

Of  late  years,  the  phrase  "crushing  out  strikes"  is  not 
heard  as  often  as  it  was  ten  or  twenty  or  more  years  ago. 
Id  those  days,  when  a  strike  occurred,  the  image  which 
manv  people  seemed  to  have  in  their  minds  was  that  of  the 
picture  of  St.  George  and  the  dragon,  in  which  the  employer 
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was  St.  George  and  the  strike  was  the  great  beast,  which  was 
being  trampled  under  foot  and  about  to  be  decapitated.  Some- 
how or  other,  though,  this  creature  seemed  to  be  a  kind  of  a 
phffiniz,  which,  if  slain  either  by  fire  or  sword,  rose  again  to 
trouble  its  slayer.  The  attitude  of  mind  of  the  people  referred 
to  was  somewhat  like  that  of  those  self-righteous  individuals 
who  resolved  "  that  the  earth  is  the  possession  of  the  saints," 
and  who  further  resolved  that  "  wc  are  the  saints."  Human 
nature  is  unfortunately  so  constituted  that  in  any  contest  we 
always  think  that  we  are  St.  George  and  the  other  party  is  the 
dragon.  At  present  the  parties  in  labor  contests  have  im- 
proved upon  ancient  mythology,  and  in  the  imagery  of 
modern  science  "  labor"  pictures  its  employer  as  an  octopus  ; 
and  some  employers  appear  to  regard  those  who  work  for  them 
as  a  kind  of  human  microbes  which  infest  the  body  politic. 

To  a  student  and  observer  of  "  the  labor  question,"  as  it  is 
called,  both  of  these  views  are  obviously  false.  The  fact  is, 
disputes  between  working  men  and  their  employers  are  as 
natural  a  result  of  the  clashing  of  opposing  or  divergeut  in- 
terests as  disease  is  of  the  activity  and  environment  of  the 
human  body.  Life  is  largely  made  up  of  disputes  and  adjust- 
ments of  our  relative  interests.  In  our  daily  intercourse  with 
our  fellow-men,  we  adopt  all  sorts  of  means  to  settle  or  bring 
BUi  li  altercations  to  a  satisfactory  issue,  so  that  we  may  be 
agreed  if  differences  arise. 

Experience  has  evolved  several  methods  which  mankind 
employ  to  adjust  their  disputes.  There  is,  first,  what  may  be 
called  the  barbarous  method  of  lighting  it  out,  which  is  as  old 
as  the  world  and  which  still  survives,  and  of  which  Shake- 
speare said  : 

" shall  your  swords  and  lances  arbiiratt 

The  swelling  difference  of  your  settled  hate  ?" 

Then  there  is  the  rational  way,  very  generally  adopted  in 
civilized  communities  and  in  all  relations  of  life — that  of  com- 
promise,  or,  as  the  dictionary  expresses  it,  "  a  reciprocal  abate- 
ment of  extreme  demands  and  rights,  resulting  in  an  agree- 
ment." Of  this  method  Burke  said,  "  All  government,  indeed 
every  human  benefit  and  enjoyment,  every  virtvie  and  every 
prudent  act  is  founded  on  it."  If  this  fails,  rational  people  re- 
sort to  the  impartial  method  of  arbitration,  which  is  defined 
as  "  the  hearing  and  determination  of  a  cause  between  parties 
in  controversy  by  a  person  or  persons  chosen  by  the  parties." 
Trial  by  jury,  now  a  universal  method  of  deciding  disputes 
in  civilized  countries,  is  an  evolution  of  the  underlying  idea  of 
arbitration,  which  is,  that  two  people  or  parties  having  a  dis- 
pute involving  personal  interests  will  be  prejudiced  thereby, 
and  therefore  incapable  or  disqualified  to  judge  impartially. 
This  is  a  simple  recognition  of  a  trait  of  human  nature  which 
experience  has  revealed  to  all  of  us.  Consequently,  under 
such  circumstances,  a  third  party,  who  has  no  such  interests 
and  prejudices,  and  whose  judgment  would  therefore  not  be 
likely  to  be  unbalanced,  is  called  in,  and  the  differences  are 
Submitted  to  him  or  them  with  the  agreement  that  both  dis- 
putants shall  then  submit  to  the  decision  of  the  arbitrator. 
The  law  provides  that  the  reference  of  certain  kinds  of  dis- 
putes to  the   arbitration  of   a  jury  shall  be   compulsory,  and 

supplies  means  for  enforcing  the  decisions  which  are  then 

made. 

In  arbitration  there  is  a  recognition  of  the  general  principle, 
confirmed  by  universal  human  experience,  that  in  disputes 
personal  interests  are  liable  to  blind  the  eyes  and  pervert  the 
sense  of  justice  of  those  concerned,  and  therefore  that  the  de- 
termination of  the  matter  at  issue  should  be  made  by  a  person 
whose  judgment  is  not  thus  perverted. 

It  ought  also  be  pointed  out  that  arbitration  does  not  mean 
compromise,  as  many  persons  seem  to  think.  Judging  from 
the  newspaper  reports,  neither  Mr.  Pullman  nor  his  chief  lieu- 
tenant, Mr.  Wickes,  distinguished  clearly  the  difference  in  the 
significance  of  the  two  words.     A  r^m  promise  is  "  a  reciprocal 


abatement  of  extreme  demands  and  rights,"  while  arbitration 

is  the  hearing  and  determination  of  a  cause  between  parties  by 
a  third  person  or  persons  chosen  by  the  parties.  Obviously, 
then,  there  might  be  arbitration  cither  with  or  without  com- 
promise. If  one  or  more  arbitrators  had  been  called  in  before 
the  late  strike  occurred,  and  the  question  in  dispute  had  been 
submitted  to  him  or  them,  the  decision  probably  would  have 
been  that  Mr.  Pullman  was  altogether  right  and  the  men  were 
in  the  wrong  ;  which  might  have  prevented  the  strike,  with 
all  its  lamentable  consequences. 

Both  Mr.  Pullman  and  his  representatives  said  they  "had 
nothing  to  arbitrate,"  which,  in  substance,  was  saying,  "  we  arc 
so  sure  we  are  right  that  we  can't  be  wrong,"  or  an  assumption 
of  infallibility,  which  is  a  prerogative  claimed  by  the  Pope 
alone,  and  which  is  conceded  to  him  by  only  a  fraction  of  man- 
kind. If  it  had  been  said  that  "  we  will  make  no  compromise, 
and  don't  choose  to  submit  any  question  to  arbitration,"  they 
would  have  been  saying  what,  it  is  true,  they  have  a  perfect 
legal  right  to  say  ;  and  it  would  have  expressed  what  they 
have  the  same  right  to  do  ;  but  was  it  the  most  expedient 
course  to  pursue  ?  If  the  position  of  the  Pullman  Company 
was  so  absolutely  right  and  just  as  it  was  assumed  to  be, 
what  reason  is  there  for  thinking  that  an  intelligent,  impartial 
and  righteous  arbitrator  would  have  decided  otherwise  ? 

The  alternatives  which  were  presented  nuiy  be  represented 
typographically  thus  : 

ARBITRATION. 

With  a  fair  prospect  of  an  amicable  settlement  of  tin;  dispute,  but  with 
the  risk  that  no  arbitrators  could  bo  chosen  who  would  be  sufficiently  dia- 
interested  and  wise  enough  to  make  a  decision  which  would  be  just  to  the 
Pullman  Company. 

II. 

"nothing  to  arbitrate." 

Willi  the  chance  of  a  strike,  which  might  and  did  cost  millions  of  dollars, 
great  suffering  and  much  loss  of  life. 

On  the  doctrine  of  business  chances,  which  alternative  was 
it  the  wisest  to  accept  ?  There  are  possibly  mathematicians  who 
could  calculate  the  value  of  the  probability  that  no  man  or 
men  could  have  been  found  to  act  as  arbitrators,  whose  wis- 
dom and  sense  of  justice  would,  under  the  circumstances, 
have  been  adequate  to  making  an  equitable  decision.  That 
risk  may  be  represented  by  n,  and  the  chances  of  a  strike 
which  were  incurred  by  the  decision  that  there  was  "  noth- 
ing to  arbitrate"  by  M,  and  readers  can  assign  values  to  the 
symbols.  It  is  true  that  the  Pullman  or  any  other  company 
lias  a  perfect  legal  right,  under  such  circumstances,  to  take 
either  alternative  ;  but  in  the  present  portentous  aspect  of  this, 
the  most  important  question  of  modern  times,  what  would 
have  been  the  wisest  course  to  pursue  V 

Employers  and  men,  it  is  thought,  might  with  advantage 
study  the  meaning  of  the  word  opportunist,  which  is  now  en- 
countered so  often,  and  the  polic}*  which  it  personifies.  The 
dictionary  says  that  in  politics  it  means  one  who  "  believes  in 
regulating  political  action  in  accordance  with  circumstances 
and  not  by  dogmatic  principles  ;  in  general,  one  who  makes 
the  best  of  circumstances. "  Is  it  making  the  best  of  circum- 
stances in  an  irreconcilable  dispute,  in  which  we  are  exposed  to 
great  risks,  to  take  the  position  that  wc  will  not  be  guided  by 
the  decisions  of  any  one  else,  no  matter  how  just  or  wise  or 
righteous  those  decisions  may  be  ? 

There  is  a  doctrine  which  is  now  floating  about  very  generally, 
that  when  a  person  is  absolutely  certain  in  his  own  mind  that  he 
is  right,  that  then  there  is  nothing  to  arbitrate.  It  is  safe  to  say 
that  in  all  disputes  which  cannot  be  settled  by  conciliative 
methods  there  is  always  something  which  could  be  arbitrated — 
that  is,  there  is  always,  in  such  cases,  some  subject  or  matter  of 
disagreement  which  may  be  referred  to  a  competent  third  party 
for  decision.  Probably  nine  men  out  of  ten  who  come  into 
our  courts  of  justice  with  their  disputes  are  sure  that  they 
have  right  and  justice  on  their  side,  and  if  asked,  would  say, 
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as  Mr.  Pullman  did,  that  they  have  nothing  to  arbitrate  ;  and 
yet,  in  such  cases,  the  law  compels  arbitration  by  judge  and 
jury  ;  which  method,  even  if  it  does  not  always  result  in  the 
administration  of  strict  justice,  at  least  has  the  merit,  which 
other  kinds  of  arbitration  have,  of  ending  contention,  and  is  thus 
better  than  the  barbarous  method  of  reaching  a  decision  by 
fighting  it  out. 

Probably,  though,  the  chief  obstacle  in  the  way  of  the  adop- 
tion of  arbitration  to  settle  labor  disputes  is  that  which  was 
very  clearly  stated  by  the  editor  of  the  New  York  Sun,  who  said  : 

"It  is  natural  that  neither  side  should  wish  to  take  the 
chances  of  arbitration  in  a  struggle  in  which  it  thinks  itself  the 
stronger.  Finally,  arbitration  can  hardly  help  being  a  curtail- 
ment of  rights  which  one  party  has,  or  thinks  he  has.  Why 
should  he  submit  to  such  a  curtailment  V 

This  objection  to  arbitration  comes  from  the  employed  as 
well  as  from  the  employers,  and  the  former  often  make  the 
mistake  of  striking  first  and  asking  for  arbitration  afterward, 
or,  as  the  writer  in  the  Sun  aptly  observed,  "  The  labor  agi- 
tators never  want  to  resort  to  it  until  the  hopelessness  of  a 
strike  has  been  demonstrated.  After  they  have  caused  many 
acts  of  violence  and  much  destruction  of  property,  they  pro- 
fess to  be  the  friends  of  peace  and  arbitration." 

Both  parties  often  go  into  such  contests  with  the  hope  and 
expectation  that  they  can,  by  skillful  management  of  their 
cause,  gain  an  undue  advantage  for  their  side,  or,  in  the  ver- 
nacular of  the  shop,  can  "  beat"  the  other  side. 

In  contrast  to  this  spirit,  some  experience  in  the  settlement  of 
a  dispute  some  years  ago  on  the  New  York  Central  Railroad, 
when  Mr.  William  H.  Yanderbilt  was  still  at  the  head  of  that 
company,  may  be  cited.  At  that  time  there  was  some  dissatisfac- 
tion among  the  engineers  of  the  road,  and  they  had  a  "  griev- 
ance" which  had  been  in  a  state  of  incubation  for  some  time, 
until  the  men  were  worked  up  to  the  striking  point.  Mr. 
Buchanan,  who  was  then,  as  he  is  now,  the  Superintendent  of 
Motive  Power  of  that  line,  reported  to  Mr.  Yanderbilt  that  he 
thought  the  men  were  about  to  strike.  "  What  do  you  think 
we  had  better  do?"  Mr.  Yanderbilt  asked.  Mr.  Buchanan's 
recommendation  was  that  Mr.  Vanderbilt  should  meet  a  com- 
mittee representing  the  men  and  hear  their  complaints  and  con- 
sider their  cause  of  discontent.  Mr.  Yanderbilt  said,  "  That 
is  a  good  idea,"  and  directed  that  the  committee  should  be  in- 
vito d  to  meet  him  in  his  office  the  next  day.  When  they  ar- 
rived he  treated  them  with  consideration,  told  them  how  im- 
portant their  services  were  to  the  company,  and  had  them  state 
the  cause  of  their  discontent,  which  he  listened  to  patiently. 
He  then  pointed  out  wherein  their  demands  were  unreasonable, 
and  explained  why  he  could  not  grant  all  they  asked  ;  but 
made  such  concessions  as  were  just,  and  the  interview  wound 
up  by  formulating  a  proposition  for  mutual  agreement,  to  be 
submitted  by  the  committee  to  the  men  they  represented.  It 
was  so  submitted,  and  was  satisfactory  to  and  accepted  by 
the  men,  and  there  was  no  strike,  no  declaration  of  war,  no 
violation  of  law,  destruction  of  life  or  property,  and  none  of 
the  untold  evils  which  so  often  attend  strikes.  This,  it  is  said, 
was  the  first  committee  of  this  kind  which  Mr.  Yanderbilt  ever 
"  received."  There  is  no  record  that  this  interview  detracted 
in  any  way  from  the  honor  or  dignity  of  the  high  position 
which  his  wealth  and  office  gave  him,  or  that  he  lost  any  of 
the  influence  or  authority  which  it  was  his  duty  to  exercise 
over  the  men  employed  on  the  road.  On  the  contrary,  there 
is  every  reason  to  believe  that  such  negotiations,  when  con- 
ducted with  the  intention  and  purpose  of  dealing  fairly,  in- 
crease the  esteem  in  which  those  who  take  part  in  them 
mutually  hold  each  other.  Mr.  Buchanan,  in  the  case  cited, 
suggested,  and  Mr.  Yanderbilt  adopted  the  rational  method 
of  settling  the  dispute  instead  of  the  barbarous  one.  Now, 
it  is  quite  conceivable  that,  in  such  an  interview  of  concilia- 
tion, the  two  parties  might  not  agree,  as  they  happily 
did  in  the  instance  referred  to.     What  then  ':  must  there  be 


a  declaration  of  war  and  another  sacrifice  of  more  millions 
of  property  ?  The  impartial  method  of  arbitration  is  still 
open.  That  is,  if,  after  a  full  discussion,  the  two  parties  should 
fail  to  agree,  they  might  or  should  assume  that  one  or  both  of 
them  are  prejudiced  by  their  own  interests,  which  is  the  rea- 
son for  calling  in  a  disinterested  party. 

An  instance  of  successful  conciliation  and  arbitration  was 
described  recently  in  a-letter  of  a  correspondent  of  the  London 
Times  of  June  19th,  in  which  the  action  of  the  miners  and  the 
owners  of  mines  in  Northumberland  and  Durham,  where  the 
long  and  disastrous  strike  occurred  not  long  ago,  is  described. 
This  action  seems  to  be  of  so  much  importance  as  an  example 
of  the  methods  which  are  employed  in  England  at  present 
to  avoid  and  prevent  strikes,  that  we  reprint  the  report  of  it 
to  which  reference  has  been  made.  The  correspondent  of  the 
-aid  : 

While  the  Scottish  miners,  who  recently  allied  themselves 
with  the  National  Federation,  are  preparing  for  a  strike,  the 
miners  of  Northumberland  and  Durham,  who  form  the  Na- 
tional Union,  and  are  outside  of  the  Federation,  are  in  the  en- 
joyment of  undisturbed  industrial  peace.  Their  good  fortune 
is  due  to  the  fact  that  they  are  at  present  engaged  along  with 
the  owners  in  the  formation  of  boards  of  conciliation.  The 
disastrous  conflict  of  1893  awakened  both  employers  and  em- 
ployed to  a  keener  sense  of  the  value  of  industrial  peace. 
This  lesson  of  experience  was  promptly  and  zealously  pressed 
home  by,  among  others,  the  Bishop  of  Durham,  through 
whose  intervention  the  wasteful  dispute  was  at  last  brought  to 
a  close.  After  a  brief  interval  Dr.  Westcott  began  to  hold 
private  and  informal  conferences  with  leading  employers  of 
labor  and  the  more  prominent  representatives  of  the  miners  in 
Northumberland,  Durham  and  Cleveland,  with  the  view  of  com- 
mending to  them  the  "  more  excellent  way"  of  conciliation, 
and  of  ascertaining  their  feeling  on  the  subject.  He  was  so 
much  encouraged  by  these  conferences  that  he  was  induced  to 
convene  a  representative  meeting  of  employers  and  employed 
to  discuss  openly  the  questions  which  had  already  been  pri- 
vately investigated  and  deliberated  upon.  The  result  of  this 
meeting  was,  briefly,  a  hearty  and  unanimous  acceptance  of 
the  principle  of  conciliation.  Both  employers  and  employed 
declared  their  desire  to  have  the  days  of  lockouts  and  of  strikes 
ended.  They  agreed  in  the  opinion  that,  whichever  side  nomi- 
nally won,  both  sides  were  always  heavy  losers  by  the  stop- 
page of  work — that  not  only  was  machinery  depreciated  and 
capital  left  unemployed  on  the  part  of  the  owners,  while  wages 
were  sacrificed  on  the  part  of  the  workmen  to  an  extent  far 
greater  than  could  ever  be  recouped  by  a  slight  advance  in  the 
rate  of  pay,  but  that  trade  was  diverted  to  the  foreign  com- 
petitor, that  markets  once  lost  were  not  easily  recovered,  and 
that  the  industrial  supremacy  of  England  was  recklessly  im- 
perilled. Both  parties  frankly  admitted  that  their  interests 
were  indissolubly  united,  and  that  these  mutual  interests  could 
only  be  fairly  and  fully  promoted  by  means  of  a  policy  of 
peace. 

No  formal  resolution  binding  those  who  attended  the  pub- 
lic conference  to  any  definite  course  was  adopted.  The  pro- 
ceedings, however,  gave  most  encouraging  promise  of  the 
adoption  of  a  friendly  understanding  ;  and  with  as  little  delay 
as  possible,  yet  without  any  tendency  to  undue  haste,  both 
parties  proceeded  to  endeavor  to  form  the  desired  board  of 
conciliation.  When  the  negotiations  were  in  progress  the  coal 
owners  of  Northumberland  gave  a  signal  proof  of  their  loyalty 
to  the  great  and  noble  object  of  class  conciliation,  so  elo- 
quently and  so  disinterestedly  commended  by  Dr.  Westcott. 
The  state  of  trade  called  upon  them  to  ask  their  workmen  to 
acquiesce  in  a  slight  reduction  of  wages,  and  they  convinced 
the  leaders  of  the^miners  that  a  reduction  was  justified  by  the 
lowered   market    pri.    -      rfeverl  -      he  workmen,   by  a 

majority  of  votes,  declined  to  acquiesce  in  the  proposed  reduc- 
tion. In  ordinary  circumstances  the  owners  would  then  have 
proceeded  to  issue  their  notices.  In  the  interest  of  the  board 
of  conciliation  then  being  formed,  they,  however,  wisely  and 
magnanimously  forbore."  They  said  they  would  delay  their 
demand  until  the  board  was  formed,  and  if  the  state  of  trade 
then  seemed  to  call  for  a  reduction  they  would  submit  their 
claim  to  the  new  body  or  court  representing  both  employers 
and  employed.  Sincethen  the  Northumberland  miners  have 
officially  intimated  their  acceptance  of  the  constitution  of  the 
board  framed  by  the  representatives  of  both  bodies,  and  the 
court  of  conciliation  is  now  practically,  though  not  yet  for- 
mally, established.  The  rules  provide  that  the  board  is  to  con- 
sist of  15  representatives  from  each  side,  with  an  independent 
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chairman.  This  chairman  is  to  be  elected  annually  by  the 
members,  and  if  they  fail  to  agree,  the  chairman,  for  the  time 
being,  of  the  Northumberland  County  Council  is  to  have  the 
power,  after  conferring  with  the  board,  to  nominate  a  gentle- 
man for  the  office.  The  board  is  to  have  power  to  determine 
from  time  to  time  the  county  rate  of  wages.  The  chairman 
is  to  preside  at  all  the  ordinary  meetings,  and,  in  default  of 
agreement  on  any  question  by  the  representatives  of  the  own- 
ers and  the  workmen,  he  is  to  give  the  deciding  vote,  which  is 
to  be  final  and  landing.  The  board  is  to  continue  until  either 
party  gives  a  month's  notice  of  withdrawal,  but  neither  side 
can  withdraw  before  December  81,  1895. 

The  constitution  of  the  Durham  board  has  not  yet  been  pub- 
lished, but  the  negotiations  are  making  satisfactory  progress, 
and  it  may  lie  assumed  that  the  same  lines  as  those  adopted  in 
Northumberland  will  lie  followed.  Meanwhile  the  movement 
in  prices  caused  by  the  threatened  strike  in  Scotland  has 
changed  the  aspect  of  affairs,  and  in  all  probability  nothing 
will  be  heard  for  some  time  to  come  of  auy  proposal  for  a  re- 
duction of  wages. 

Such  action  as  this,  contrasted  with  the  scenes  of  violence 
which  occurred  in  Chicago  and  elsewhere,  give  much  color  of 
plausibility  to  the  assertion  of  Mr.  Stead,  recently  published  in 
the  Contemporary  Review,  that : 

In  industrial  matters  our  American  kinsfolk  are  where  we 
were  forty  or  fifty  years  ago,  when  rattening  was  the  first 
word  of  an  outlawed  unionism  and  murder  the  ultimate  argu- 
ment against  tin  blackleg.  What  Sheffield  was  in  the  palmy 
(lays  of  Broadhead  and  ('rookes,  before  the  Royal  Commission 
was  appointed  which  revealed  the  secrets  of  a  unionism  resting 
upon  the  foundation  of  assassination — preached  as  a  virtue  and 
practiced  as  a  necessity— so  Pittsburgh  is  to-day,  and  when  we 
say  Pittsburgh  we  say  Chicago,  Denver,  or  any  other  great 
industrial  center.  Our  difficulties  are  bad  enough,  but  they 
are  as  moonlight  is  to  sunlight,  as  water  is  to  wine  compared 
with  the  industrial  feuds  which  rage  on  the  other  side  of  the 
Atlantic. 

This  statement,  which  accords  with  the  reports  of  many  re- 
cent observers  in  America,  is  borne  out  by  a  dismal  catalogue 
of  violence  on  both  sides,  neither  "  hesitating  to  shoot,"  and 
the  public  doing  nothing  but  keeping  the  ring.  The  Church 
is  powerless  and  arbitration  voted  useless. 

The  great  mischief  in  America  is  the  absence  of  trust,  the 
rooted  disbelief  in  the  honesty  and  good  faith  of  anybody. 
Rightly  or  wrongly,  American  workmen  seem  to  be  convinced 
— I  have  heard  picked  leaders  of  American  labor  assert  it  again 
and  again — that  no  award,  no  agreement  is  ever  respected  by 
their  employers  a  day  longer  than  it  suits  their  interests  to  keep 
it.  Bad  faith  on  the  part  of  the  employers  is  balanced  by 
murder  and  outrage  on  the  part  of  the  employed,  while  the 
Church,  which  should  be  the  conscience  of  the  community,  is 
seared  as  with  a  hot  iron  by  a  conventional  indifferentism  to 
the  alfairs  of  this  world. 

That  the  fault  is  not  alone  on  one  side,  and  that  there  is 
some  good  ground  for  Mr.  Stead's  assertion,  is  indicated  by 
the  following  extract  from  a  sermon  preached  in  New  York 
since  the  first  part  of  this  article  was  written  : 

"  I  have  often  acted  as  an  informal  arbiter  in  settling  dis- 
putes," the  preacher  said,  "  and  I  want  to  say  that  in  the:  ma- 
jority of  cases  I  have  found  the  unreasonable  oppressor  to  be, 
not  the  employer,  but.  the  demagogue — the  lazy  scoundrel  who, 
too  miserably  lazy  to  work,  but  with  a  plausible  tongue  in  his 
head,  found  it  more  to  his  liking  to  run  labor  unions  and  draw 
a  good  salary  from  the  hard  earnings  of  his  victims.  It  is  he 
who,  without  regard  to  the  conditions  of  trade,  fosters  in  the 
bosom  of  the  laboring  man  discontent  and  hatred  of  his  em- 
ployer." 

That  there  is  much  truth  in  this  view  is  also  conceded.  But 
it  is  not  true  that  all  the  leaders  of  the  working  men,  in  their 
combinations  for  the  protection  of  what  they  conceive  to  be 
their  rights  and  their  interests,  are  "  demagogues,"  or  "  scoun- 
drels," or  "  lazy."  To  be  a  leader  of  men  in  the  defense  of 
their  just  rights  and  interests  is  an  honorable  and  a  beneficent 
position  for  a  man  to  occupy  il  he  does  it  wisely  and  judi- 
ciously. It  is  true  that  the  leaders  of  the  men  have  not  al- 
ways been  wise  or  judicious;  that  the  chief  chaiactcristic  of 
some  of  them  seems  to  be  an  insatiable  love  of  notoriety,  but 
that  is  not  confined  to  such  leaders  alone.  Men  like  Mr.  Debs 
may  be  guilty  of  unspeakable  acts  of  folly,  and  may  for  that 


reason  go  into  obscurity,  but  nevertheless  trade  unions  will  not 
be  eradicated.  Over  and  over  again  it  has  been  announced  that 
such  unions  have  been  broken  up,  but  nearly  always  they  have 
been  reorganized  stronger  than  they  were  before. 

The  newspapers  have  been  pouring  the  vials  of  their  wrath 
on  the  head  of  Debs,  and  probably  little  more  will  be  beard  of 
him.  lie  and  jnany  of  his  friends  and  admirers  have  by  this 
time  learned  that  when  they  array  themselves  against  the  exe- 
cution of  the  laws  of  the  country,  that  the  ultimate  result  is  not 
doubtful  ;  and  that  if  the  decision  must  be  made,  most  of  us 
will  shoulder  our  muskets  and  will  use  them,  if  need  be,  in 
defense  of  law  and  order,  no  matter  who  is  hurt.  But  while 
he  may  go  into  obscurity,  trade  unions  are  not  and  cannot 
lie  eradicated.  The  American  Railway  Union  may  be  dis- 
integrated, but  the  interests  which  it  represented  will  lie 
reorganized  in  some  other  form  and  probably  by  other  people, 
and  the  same  disputes  will  come  up  again  and  continue  to 
come  up.  If  the  officers  and  representatives  of  the  new  asso- 
ciations are  men  of  good  sense  and  concerned  most  about  the 
true  interests  of  the  members,  and  employers  are  disposed  to 
deal  fairly  with  them,  conciliation  and  arbitration  on  a  peace- 
ful and  rational  basis  will  be  possible  ;  but  if  the  men  are 
represented  by  pothouse  blatherskites,  as  they  so  often  are, 
and  if  employers  do  not  believe  in  nor  practice  the  doctrine  of 
fair  play  in  their  dealings  with  their  men,  and  renew  their  at- 
tempts to  crush  out  trade  unions,  then  the  barbarous  methods 
will  again  be  resorted  to  in  settling  disputes,  which  are  sure 
to  arise  in  the  future  as  they  have  in  the  past.  In  this,  as  in 
the  administration  of  nearly  all  other  human  afTairs,  the 
character  of  the  administrators  is  the  most  important  element. 

It  therefore  seems  of  the  utmost  importance  to  employers,  as 
well  as  to  the  men,  that  the  officers  of  trade  unions  should  be 
intelligent  and  fair-minded  men.  So  long  as  a  policy  of  re- 
pression is  practiced  toward  trade  unions,  the  best  of  the  work- 
ing men  will  be  deterred  from  holding  office  in  them.  A  hun- 
dred years  of  experience  has  shown  as  clearly  as  anything  can 
be  shown  that  trade  unions,  in  a  free  country,  cannot  lie 
"  crushed  out."  The  idea  so  fondly  entertained  by  some  that 
they  can  be  exterminated  is  the  blindest  of  folly.  We  will 
have  trade  unions  of  some  kind  as  inevitably  as  we  will  have 
political  caucuses,  theaters  and  breweries.  Whether  these 
will  be  good  or  bad,  whether  the  action  of  the  first  will  be  for 
the  public  good,  the  amusements  of  the  second  improving  or 
degrading,  and  the  product  of  the  last  wholesome  or  poisonous 
depends  upon  the  people  who  control  and  conduct  those  "  in- 
stitutions." Any  one  of  them  may  be  the  source  of  intoler- 
able evil,  or  be  a  benefit  to  the  community.  It  is  so  with  a 
trade  union.  It  would  appear  to  be  the  part  of  wisdom  for 
employers  as  well  as  working  men  to  do  all  that  is  possible  to 
secure  their  efficient  organization,  so  that  the  men  could  be 
fairly  represented,  and  the  best  of  them  should  occupy  the 
places  of  authority  and  influence,  in  which  they"  have  the 
power  of  doing  so  much  harm  or  so  much  good. 

What  has  been  accomplished  in  England  in  the  direction  of 
amicable  settlement  of  labor  disputes  is  described  as  follows 
in  a  recent  history.* 

"  In  the  business  expansion  of  1873-74."  the  historians  say, 
"  the  employers,  for  the  most  part,  abandoned  their  objection 
to  recognize  the  unions,  and  even  conceded,  after  repeated  re- 
fusals, the  principle  or  the  regulation  of  industry  by  joint 
boards  of  conciliation  or  impartial  umpires  chosen  from  out- 
side the  trade.  From  18G7-75  innumerable  boards  of  concilia- 
tion and  arbitration  were  established,  at  which  representatives 
of  the  masters  met  representatives  of  the  trade  unions  on  equal 
terms.  In  fact,  it  must  have  been  difficult  for  the  workmen 
at  this  period  to  realize  with  what  stubborn  obstinacy  the  em- 
ployers between  1850-70  had  resisted  any  kind  of  intervention 
in  what  they  had  then  regarded  as  essentially  a  matter  of  pri- 
vate concern.     When  the  Amalgamated  Society  of  Engineers 
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offered,  in  1851,  to  refer  the  then  pending  dispute  to  arbitra- 
tion, the  master  engineers  simply  ignored  the  proposal.  The 
select  committees  of  the  House  "of  Commons  in  1856  and  1860 
found  the  workmen's  witnesses  strongly  in  favor  of  arbitra- 
tion, but  the  employers  skeptical  as  to  its  possibility.  Nor  did 
the  establishment  of  Mr.  Mundella's  Hosiery  Board,  at  jSfot- 
tingham,  in  1860,  and  Sir  Rupert  Kettle's  joint  committees  in 
the  Wolverhampton  building  trades  in  1864,  succeed  in  con- 
verting the  employers  elsewhere.  But  between  1869-75  opin- 
ion among  the  captains  of  industry,  to  the  great  satisfaction 
of  the  trade,  union  leaders,  gradually  veered  round.  '  Twenty- 
five  years  ago,'  said  Alexander  Macdonald,  in  1875,  '  when  we 
proposed  the  adoption  of  the  principle  of  arbitration  we  were 
then  laughed  to  scorn  by  the  employing  interests.  But  no 
movement  has  ever  spread  so  rapidly  or  taken  a  deeper  root 
than  that  which  we  then  set  on  foot.  Look  at  the  glorious 
state  of  things  in  England  and  Wales.  In  Northumberland 
the  men  now  meet  with  their  employers  around  the  common 
board.  ...  In  Durhamshire  a  Board  of  Arbitration  and 
Conciliation  has  also  been  formed  ;  and  75,000  men  repose 
with  perfect  confidence  on  the  decisions  of  the  Board.  There 
are  40,000  men  in  Yorkshire  in  the  same  position.'  " 

Shall  we  in  this  country  adopt  methods  which  make  for  peace, 
or  are  we  to  have  a  perpetual  declaration  of  industrial  war  f 


"SUPPLEMENTARY  OBSERVATIONS"   OF  THE 
ROYAL  COMMISSION  ON  LABOR. 


A  Royal  Commission  has  recently  presented  a  final  report 
to  the  British  Parliament  on  the  general  subject  of  labor. 
Appended  to  the  report  were  some  supplementary  "'  Observa- 
tions" on  the  law  relating  to  trade  unions  and  employers'  as 
sociations,  which,  it  is  said,  were  drawn  up  by  the  chairman, 
and  were  signed  by  Mm  and  several  of  the  Commission. 
These  "  Observations,"  it  is  thought,  will  have  very  great 
interest  in  this  country  at  the  present  time,  when  so  much  is 
being  said  about  compulsory  arbitration.  The  difficulties 
which  are  in  the  way  of  enforcing  any  such  compulsion  are 
very  fully  explained,  and  suggestions  are  made  with  reference 
to  legislation  on  the  subject,  which  are  as  applicable  to  the 
condition  of  things  existing  here  as  they  are  to  those  prevail- 
ing on  the  other  side  of  the  Atlantic.  The  greater  part  of 
these  "  Observations"  are  therefore  reprinted.  In  them  the 
Commission  say  : 

"  While  agreeing  with  the  report,  so  tar  as  it  extends, 
which  we  have  signed  together  with  the  majority  of  our  col- 
leagues, we  desire  to  call  attention  to  some  proposals  dis- 
cussed by  the  Commission,  but  with  regard  to  which  there 
proved  to  be  no  such  general  agreement  as  would  justify  their 
inclusion  in  the  body  of  the  report.  It  has  been  stated,  in 
paragraph  153  of  the  report,  that  at  present  '  Collective  agree- 
ments are,  as  a  matter  of  fact,  frequently  made  between  great 
bodies  of  organized  workmen  and  employers,  which  bodies 
have  no  legal  personality  and  cannot  sue  or  be  sued  for  dam- 
ages occasioned  by  the  breach  of  such  agreements  by  sections 
of  their  members.  There  is  collective  action  without  legal 
collective  responsibility.  While  this  state  of  things  lasts  it 
does  not  appear  that  such  collective  agreements  can  be,  as 
between  such  bodies,  otherwise  than  morally  binding  upon 
them.'  We  think  that  this  state  of  things  might  be  beneficially 
altered  by  some  amendments  of  the  existing  law.  In  the  fol- 
lowing observations  it  must  be  borne  in  mind  that  when  trade 
unions  or  trade  associations  are  spoken  of  associations  of  em- 
ployers as  well  as  of  workmen  are  included,  and  that  if,  in  any 
particular  instance,  it  appears  to  be  suggested  that  special 
privileges  should  be  conferred,  or  responsibilities  imposed 
upon  one  class  of  such  associations,  it  will  probably  be  found 
that  corresponding  privileges  or  liabilities  will  attach  to  the 
other. 

******** 

"  We  think  that  the  extension  of  liberty  to  workmen  or  em- 
ployers to  acquire  fuller  legal  personality  than  that  which 
they  at  present  possess  is  desirable  in  order  the  better  to  secure 
the  observance,  at  least  for  fixed  periods,  of  the  collective 
agreements  which  are  now  made  between  them  in  so  many 
cases.  The  associations  which  might  avail  themselves  of  the 
liberty  might,  in  some  cases,  be  trade  unions  or  employers' 
associations,  and  in  other  cases  bodies  of  workmen  employed 
in  a  few  establishments,  or  even  a  body  employed  in  a  single 
establishment,  according  to  the  circumstances  of  each  indus- 
try. We  do  not  maintain  that  the.scbeme  would  be  applicable 
to  the  circumstances  of  all,  or  even,  at  present,  of  the  larger 
part  of  the  industries  of  this  country.  We  find,  however, 
fiom  the  evidence,  that  a  considerable  and  very  important 


part  of  British  industry  is  conducted  under  collective  agree- 
ments made  in  the  most  formal  way  between  highly  organized 
trade  associations,  and  that  the  "substitution  of  "agreements 
between  associations  for  agreements  between  individual  em- 
ployers and  individual  workmen  is  a  growing  practice,  and 
one  which  is  intimately  connected  with  the  mode  and  scale 
upon  which  modern  industry  is  at  present  carried  on. 

"  It  seems  to  us  to  be  clear,  from  the  evidence  of  both  em- 
ployers and  employed,  that  the  advantages  of  this  system 
greatly  outweigh  the  disadvantages.  This  may  not  have  been 
so  evident  at  the  date  when  the  Trade  Union  Act  of  1871  was 
passed,  but  we  think  that  it  has  now  been  sufficiently  pioved 
by  experience  that  the  agreements  are,  on  the  whole,  in  ac- 
cordance with  the  public  interest  and  with  the  circumstances 
of  modern  industry.  If  this  is  the  case,  then  it  seems  to  fol- 
low that  further  legislation  is  desirable  to  bring  the  law  into 
harmony  with  the  present  state  of  facts  and  public  opinion. 
We  think  that  such  an  extension  of  liberty,  if  conceded  (and 
in  so  far  as  it  was  acted  upon),  would  not  only  result  in  the 
better  observance  for  definite  periods  of  agreement  with  re- 
gard to  wage  rates,  hours  of  labor,  apprenticeship  rules, 
demarcation  of  work,  profit  sharing,  and  joint  insurance 
schemes  and  other  matters,  but  would  also  afford  a  better 
basis  for  aibitration  in  industrial  disputes  than  any  which  has 
yet  been  suggested  To  enable  trade  associations  to  enter 
into  collective,  legally  binding  agreements,  with  the  conse- 
quence that  in  case  of  breach  of  contract  they  would  be  liable 
to  be  sued  for  damages  payable  out  of  their  collective  funds, 
it  would  not  be  sufficient  to  repeal  subsection  4  of  section  4  of 
the  Act  of  1871.  Even  if  that  legislative  incapacity  were 
taken  away,  the  trade  associations  would  be  prevented  by  their 
want  of  legal  personality  from  entering  into  such  agreements, 
or  suin£r  01  being  sued,  except  with  regard  to  the  manage- 
ment of  their  funds  and  real  estate.  It  would  be  necessary 
that  they  should  acquire  by  some  process  of  registration  a 
corporate  character  sufficient  for  these  purposes.  We  are 
anxious  to  make  it  clear  that  we  propose  nothing  of  a  com- 
pulsory character,  but  that  we  merely  desire  that  trade  associ- 
ations should  have  the  liberty,  if  they  desire  it,  of  acquiring 
a  larger  legal  personality  and  corporate  character  than  that 
which  they  possess  at  present.  The  further  powers  of  incor- 
poration would  not  be  made  a  condition  of  the  existing  regis- 
tration, but  would  be  offered  as  powers  to  be  obtained  by 
registration  under  a  new  Act.  The  motive  which  would,  it 
might  be  hoped,  influence  trade  associations  so  to  register 
would  be  the  desire  to  acquire  power  to  enter  into  agreements 
of  a  more  solid  and  binding  kind  than  heretofore.  This  might 
be  sufficient  in  the  case  of  an  increasing  number  of  the  trade 
associations. 

"  With  regard  to  the  collective  agreements,  there  should 
probably  be  some  statutory  condition  attaching  to  them  ;  for 
instance — (1)  that  every  agreement  should  specify  a  period  for 
which  it  was  intended  to  hold  good,  and  a  period*  for  notice  of 
amendment  or  renewal  ;  (2)  that  every  agreement  should  be 
registered  in  central  and  local  public  offices,  and  should  be 
open  to  inspection  by  the  public  ;  (3)  that  copies  of  every 
agreement  should  be  kept  open  to  inspection  in  factories  and 
workshops  which  it  affected.  We  think  that  the  contracting 
association  should  be  responsible  for  observance  of  the  collec- 
tive agreement  by  all  its  members  so  long  as  they  remained  its 
members,  and  that  every  member  of  an  association  should 
during  membership  be  held  to  be  under  a  contract  with  the 
association  for  observance  of  the  collective  agreement.  The 
effect  of  this  would  be  to  give  to  those  entering  into  contracts 
with  an  association  the  right  to  sue  it  for  damages  in  case  of 
breach  of  contract  by  it,  or  any  of  its  members,  and  to  give 
an  association  the  right  to  recover  damages  from  those  of  its 
members  who  infringed  the  collective  agreement.  For  the 
more  convenient  enforcement  of  the  latter  right  some  power 
of  deciding  disputes  between  a  society  and  its  members  similar 
to  that  conferred  on  friendly  societies  by  section  22  of  the 
Friendly  Societies  Act,  1875,"  might,  perhaps,  be  extended  to 
trade  associations.  Assuming  the  reform  which  we  suggest 
to  have  taken  place,  we  are  aware  that  some  litigation  might 
arise  before  it  was  settled  what  collective  agreements  were  or 
were  not  ultra  vires,  or  '  in  restraint  of  trade,'  as  the  latter 
doctrine  is  now  understood,  or  would  be  understood,  by  the 
courts  of  law.  We  (hink,  however,  we  are  justified  in  antici- 
pating that  judicial  discussion* of  these  matters  would  lead  to 
reasonable  solutions  of  the  problems  which  might  arise  in  each 
case,  and  to  the  gradual  evolution  of  the  best  general  princi- 
pled. 

"  Apart  from  the  question  of  collective  agreements,  it  may. 
we  think,  be  desirable  to  enable  trade  associations  to  take 
legal  action  in  certain  cases  to  secure  the  rights  of  their  mem- 
bers, and  at  the  same  time  to  make  them  responsible  and 
legally  liable  for  acts  done  by  persons  when  acting  as  their 
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agents.  Reference  has  been  made  in  paragraph  108  of  the  re- 
port to  the  injury  which  conduct  not  amounting  to  legal  in- 
timidation may  intiict  upon  employers  or  non-unionist  work- 
men, and  it  has  been  pointed  out  that  such  persons  are  not 
prohibited  from  bringing  civil  actions  to  recover  damag 
account  of  such  wrongs.  But  at  present  no  one  can  be  surd 
except  the  individuals  who  commit  such  wrongs,  against 
whom  adequate  damages  cannot  always  be  recovered,  and 
there  appears  to  be  no  reason  why  trade  associations  should 
not  be  liable  to  be  sued  for  civil  wrongs  charged  against  their 
officials  or  other  persons  when  acting  as  their  agents.  On 
the  other  hand,  it  might  be  equally  expedient  to  confer  upon 
registered  trade  associations  power  to  take  legal  proceedings 
on  behalf  of  their  members — for  instance,  under  the  Employ- 
ers' Liability  or  Truck  Acts,  or  on  other  matters  affecting  trade 
relations. 

"  The  Commission  have  had  carefully  to  consider  the  ques- 
tion whether  the  State  should  attempt  to  do  more  than  as 
proposed  by  Mr.  Mundella's  Bill— promote  the  formation  of 
voluntary  institutions  of  conciliation  and  arbitration.  It  ap- 
pears from  the  evidence  that  there  is  in  many  quarters  a  de- 
sire, sometimes  on  the  part  of  workmen,  sometimes  on  that 
of  employers,  and  in  some  cases  felt  by  both,  that  the  State 
should  do  something  to  replace  strikes  and  lock-outs  by  a 
more  peaceable  and  rational  way  of  settling  trade  disputes. 
There  does  not  seem  to  be  any  very  clear  idea  as  to  the  pre- 
cise manner  in  which  this  end  should  be  accomplished,  hut 
the  general  notion  appears  to  be  either  'that  the  State  should 
establish  tribunals  of  its  own,  with  powers  like  those  of  ordi- 
nary law  courts,  or  that  it  should  invest  with  -similar  powers 
voluntarily  formed  industrial  tribunals.  To  examine  this 
question  it  is  desirable,  in  the  first  place,  to  point  out  what 
the  State  cannot  do  according  to  the  ordinary  principles  ac- 
cepted in  this  country.  It  seems  to  be  obvious  that  the  State 
cannot  compel  either  individuals  or  bodies  of  men  to  enter 
into  agreements,  and  that  the  State  cannot  compel  employers 
to  give  employment  or  workmen  to  do  work  upon  terms  which 
they  do  not  respectively  accept.  Inasmuch  as  strikes  and 
lock-outs  are,  in  practice,  the  assertion  of  these  essential  lib- 
erties on  the  part  of  the  employers  and  workmen,  it  is  clear 
that  the  State  cannot  prohibit  acts  of  this  kind  and  compel 
the  parties  to  resort  to  tribunals  of  any  sort  instead.  It  was 
suggested  in  the  evidence  that  strikes  and  lock-outs  should  be 
illegal  and  punishable  in  cases  where  arbitration  had  not  first 
been  resorted  to.  But  it  seems,  for  the  reasons  just  given, 
that  it  is  impossible  to  make  strikes  or  lock-outs  illegal  and 
punishable  in  any  case,  leaving  out  of  consideration  such  ex- 
ceptional cases  as  those  of  the  Army  or  Navy  or  certain  cases 
especially  provided  for  by  legislation  where  a  sudden  strike  in 
breach  of  contract  may  involve  actual  danger  to  the  public. 
Generally  speakirg,  it  may  be  laid  down  that  the  State  cannot 
compel  parties  to  submit"  to  arbitration  matters  upon  which 
they  have  a  perfect  right  to  take  their  own  line,  and  it  cannot 
compel  either  employers  or  workmen  to  carry  out.  by  way  of 
specific  performance,  an  award  as  to  wages  or  other  terms  of 
service.  For  these  reasons  the  Royal  Commission  on  Trade 
Unions  of  1867  appears  to  have  decided  rightly  1  while  warmly 
advocating  the  extension  of  voluntary  institutions)  that  no 
'  system  of  compulsory  arbitration'  "  is  practicable.  The 
question,  however,  arises  whether  it  is  possible  to  devise  any 
means  short  of  compulsorv  arbitration  by  which  the  object  so 
widely  desired— that  arbitration  should  replace  strikes  and 
lockouts— might  be  more  fully  attained  than  it  is  at  present. 
It  seems  that  although  the  most  formidable  obstacles  to  resort 
to  arbitration  are  probably  those  indicated  in  paragraphs  140 
and  141  of  the  report,  a  further  obstacle  may  frequently  be 
found  in  the  uncertainty  which  exists  as  to  tlie  observance  of 
an  award  when  given.  If  an  arbitrator  can  only  pronounce 
a  decision  which  may  or  may  not  be  followed  according  to 
the  good  will  of  the  parties  the  procedure  is  to  some  extent 
discredited.  Although,  as  a  rule,  arbitration  awards  may  be 
loyally  accepted,  ami  the  exceptions  may  be  very  few.  yet  the 
possibility  of  such  an  exception  occurring  may  'make  employ- 
ers or  workmen  less  willing  to  resort  to  a  troublesome  and 
elaborate  process  like  formal  arbitration.  It  has  been  shown 
that  it  is  impossible  to  compel  the  observance  of  any  award 
in  these  matters.  It  remains  to  Ik-  considered  whether  any 
better  guarantee  or  motive  for  such  observance  can  be  ob- 
tained to  supplement  and  strengthen  the  moral  force  which 
already  exists.  To  have  arbitration  in  the  strict  sense  of  the 
word  there  must  be  two  or  more  parties  capable  of  entering 
into  a  legal  contract  to  submit  present  or  future  questions  to 
arbitration,  and  there  must  be  such  submission.  Then.  b 
the  ordinary  principle  of  law  damages  can  1h-  recovered  from 
any  party  who  refuses  to  go  to  arbitration,  or  declines  to  act 
on  the  award  when  made.  As  things  now  stand  large  bodii  - 
of  ^workmen  or  employers  cannot,  as  such  bodies,  enter  into 


legal  contracts  of  submission  to  arbitration  for  want  of  legal 
personality,  and,  for  the  same  reason,  damages  cannot  be  re- 
covered from  them,  as  such  bodies,  for  refusal  to  go  to  arbitra- 
tion after  agreeing  to  do  so,  or  for  refusal  to  accept  the  result 
of  awards. 

"  It,  however,  the  suggestions  which  we  have  made  were 
adopted,  and  it  were  put  within  the  power  of  such  bodies  to 
acquire  legal  personality  sufficient  to  enable  them  to  enter 
into  collective  agreements  with  the  legal  sanction  of  collective 
liability  in  damages  for  breach  of  such  agreements,  this  diffi- 
culty would  be  so  far  solved.  If,  under  such  circumstances, 
a  body  had  agreed  to  submit  future  disputes  on  one  or  more 
subjects  to  arbitration  and  subsequently  refused  to  do  so,  and 
resorted  to  a  strike  or  lock-out,  it  might  be  sued  for  dams 
and  the  prospect  of  this,  although  it  could  not,  indeed,  pre- 
vent, would  render  less  likely  resort  to  such  measures.  If  a 
strike  or  lock-out  did  take  place,  although  it  is  true  that  any 
damages  which  could  be  recovered  would  probably  not,  except 
in  the  case  of  a  small  or  partial  conflict,  be  sufficient  compen 
sation,  yet  an  action  at  law  would  render  more  visible  the 
breach  of  contract,  and  serve  to  guide  public  opinion. 

"  The  same  observations  will  apply  to  the  breach  of  an 
award  made  upon  a  submission  under  collective  agreement. 
There  would  in  both  cases  be  the  gain  of  a  judgment  publicly 
pronounced  by  a  competent  authority,  and  attended  and  em- 
phasized by  tangible  results.  For  instance,  an  employer 
might  insist  on  a  reduction  of  wages  contrary  to  a  collective 
agreement  or  to  an  arbitration  award  founded  upon  a  collec- 
tive agreement.  Then,  instead  of  striking,  the  workmen 
might  continue  to  work  at  the  reduced  wages,  and  through 
their  association  sue  the  employer  or  his  association  for  dam- 
ages  to  the  amount  of  the  loss.  Or,  on  the  other  hand,  work- 
men might  insist  on  a  rise  of  wages  contrary  to  the  collective 
agn  ement  of  the  award.  Then  the  employer,  instead  of 
locking-out  or  discharging  the  men,  might  give  the  increase 
under  protest  and  sue  their  association  for  damages.  The 
damages  being  recoverable  from  the  collective  funds  of  the 
association  it  would  not  be  necessary  to  proceed  against  any 
individual  workman.  Or,  again,  supposing  that  a  collective 
agreement  were  in  existence  between  an  association  of  em- 
ployers and  an  association  of  workmen,  providing  that  no 
change  in  rates  of  wages  should  take  place  without  the  sanc- 
tion of  a  board  of  arbitration,  then  either  side  refusing  to  sub- 
mit the  question  for  arbitration,  or  to  abide  by  the  results, 
would  be  liable  to  be  sued  for  damages.  The  judgment 
wotdd  be  pronounced  by  a  competent  authority,  would  be 
made  publicly,  have  tangible  result,  and  thus  greatly  help  to 
form  public  opinion. 

"  It  has  already  been  pointed  out  that  the  absence  of  any  pos- 
itive guarantee  for  the  observance  of  awards  may  deter  in 
many  cases  both  employers  and  men  from  resorting  in  prac- 
tice to  arbitration,  although  they  may  in  theory  prefer  it  to 
strikes  and  lock-outs.  It  might  be  anticipated  that  if  by  the 
method  of  collective  agreements  a  more  concrete  guarantee 
were  given  to  arbitration  it  would  be  more  frequently  resorted 
to  by  those  who  have  a  bonii  fide  preference  for  it  over  more 
violent  modes  of  settling  differences.  It  must  further  be  ob 
served  that  if  trade  associations  were  able  as  bodies  with  legal 
personality  to  refer  present  or  future  questions  to  arbitration 
they  could  by  such  agreements,  under  the  ordinary  law  embodied 
in  the  Arbitration  Act,  1889,  either  constitute  or  indicate  their 
own  tribunals  or  arbitrators  and  clothe  them  with  all  neces- 
sary powers  of  procedure  and  enable  them  to  make  awards 
which  could  if  broken  be  made  grounds  of  action  for  damages. 

"  Thus,  in  these  cases,  the  problem  of  how  to  give  powers 
of  procedure  to  voluntarily  formed  boards  of  arbitration  and 
a  legal  sanction  to  their  awards  would  be  solved  by  the  opera- 
tion of  the  ordinary  law  as  to  agreements  made  between  par- 
ties capable  of  contracting.  Inasmuch  as  such  tribunals 
would  in  each  case  be  constituted  or  indicated  and  armed 
witli  powers  by  the  effect  of  the  formal  agreement  of  the 
parties  interested,  they  would,  it  might  be  expected,  be  well 
regarded  by  them,  while  the  fact  that  associations  and  not 
individuals  were  primarily  responsible  for  the  observance  of 
the  awards  might  remove  some  of  the  difficulties  which  have 
hitherto  attended  attempts  to  give  a  legal  sanction  to  arbitra- 
tion awards  in  industrial  matters.  These  observations  apply 
both  to  agreements  for  referring  general  questions  and  to 
those  for  referring  minor  questions  to  arbitration.  Supposing, 
for  instance,  a  ease  in  which  two  associations  of  employers 
and  workmen,  capable  under  the  supposed  law  of  entering 
into  collective  contracts,  had  agreed  to  have  (1)  a  wages  board 
with  provision  for  arbitration  to  settle  changes  in  the  rate  of 
wages  and  other  general  questions,  and  (8j  a  joint  committee 
with  an  independent  chairman  to  decide  minor  questions  aris- 
ing with  regard  to  existing  agreements  or  customs,  and  had 
further  agreed  that  all  questions  should  be  referred  by  them 
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and  their  members  to  these  boards  respectively.  Then  in 
either  case  the  effect  of  the  agreement  would  be  to  render 
liable  to  damages  the  association  which,  or  the  members  of 
which,  did  not  respect  the  arrangements,  but  resorted  to  strikes 
or  lock-outs." 


THE  DISCUSSIONS  AT  THE  CONVENTIONS. 


Editor  American  Engineer  and  Railroad  Journal  : 

Your  notes  on  the  Master  Car-Builders'  and  Master  Mechan- 
ics' conventions  are  well  put  together  and  to  the  point.  Each 
suggestion  you  make  would  certainly  improve  matters. 

There  are  still  further  suggestions  to  offer.  The  Master 
Mechanics  certainly  were  not  in  session  long  enough  to  get 
through  the  business  in  a  satisfactory  manner.  On  Monday 
there  was  very  little  done  practically  ;  even  the  first  report  was 
not  gotten  through  with.  Why  ?  Too  much  time  taken  up 
with  other  matters.  We  intended  to  open  up  at  9.30  A.M. 
By  the  time  we  got  back  to  the  hall  it  was  after  11  o'clock. 
About  1  o'clock  we  had  to  stop  our  business,  owing  to  the 
thunder-storm,  as  we  were  not  able  to  hear  the  speakers. 

Now,  right  here  we  lost  so  much  time  that  we  were  not  able 
to  make  it  up  the  other  two  days. 

On  Tuesday  we  had  to  stop  at  noon  hour  to  take  up  com- 
pound experiences.  Here  was  another  point  lost  of  one  hour 
which  could  (under  the  circumstances)  have  been  used  to  bet- 
ter advantage.  This  was  evident  by  the  number  of  members 
leaving  the  hall  when  this  discussion  was  opened. 

On  Wednesday  it  was  a  'rush  to  get  through  and  done,  as  it 
were,  but  still  we  had  to  resurrect  the  compound  in  the  noon 
hour,  thus  losing  another  hour  that  could  have  been  used  to 
better  advantage. 

In  reviewing  the  matter  there  was  really  very  little  time 
for  discussion.  The  short  time  we  were  in  session  on  Monday 
was  occupied  with  the  election  of  Auditing  Committee,  elect- 
ing associate  members,  and  voting  on  honorary  members,  and 
quite  a  parley  of  the  "  gaseous."  Then  reading  of  reports  on 
Tuesday,  which  were  very  lengthy,  took  up  so  much  time 
that  very  little  was  or  could  be  done  in  the  way  of  discussion. 

Wednesday,  with  a  lengthy  report,  resolutions,  elections, 
etc.,  less  was  done.  Now,  it  is  all  very  well  to  find  fault,  but 
can  we  remedy  it  in  the  three  days  ?    The  only  remedy  I  see  is  : 

First,  let  us  open  the  meeting  at  8  a.m.  We  are  all  at  our 
business  before  that  hour,  and  why  not  when  we  are  in  con- 
vention ? 

Second,  hold  two  sessions  on  the  first  day  if  necessary. 

Third,  let  every  member  speak  so  that  he  knows  he  can  be 
heard  by  all.  This  will  get  the  members  more  interested  in 
the  discussion.  I  sat  in  a  good  central  location  in  the  last 
convention,  but  could  hear  very  few  of  the  remarks  made  by 
those  who  were  talking. 

Fourth,  now  that  the  reports  are  to  be  sent  to  the  members 
before  leaving  their  homes,  cannot  the  reading  of  reports  be 
dispensed  with  ?  Could  not  the  committee  start  the  ball  roll- 
ing by  their  individual  remarks  instead  of  reading  the  reports  ? 
This  would  save  much  time,  as  some  of  the  reports  are  very 
lengthy.  The  members  could  read,  mark,  learn,  and  inwardly 
digest  the  reports  before  going  to  the  convention.  The  reports 
were  all  very  systematically  prepared,  and,  through  the  nature 
of  them,  very  lengthy,  and  if  we  could  dispense  with  the  read 
ing,  considerable  time  can  be  saved  which  would  allow  further 
discussion. 

By  following  the  above  suggestions,  coupled  with  a  deter- 
mination on  the  part  of  the  speakers  to  be  heard  by  all  the 
members  (and  not  get  alongside  the  President  and  speak  so 
that  lie  is  the  only  one  he  cares  to  hear  him),  more  interest 
would  be  taken  and  less  of  the  gag  rules  of  closing  the  discus- 
sion which  you  complain  of. 

One  Who  Favors  More  Discussion. 


NEW   PUBLICATIONS. 


Puislic  Works  and  Mines,  and  the  Traditions  and 
Superstitions  op  all  Countries.  By  Paul  Sebillot. 
J.  Rothschild,  13  Rue  des  Saints  Peres.  Paris.  623  pp., 
5}  X  8J  in. 

The  book  opens  with  an  exposition  of  the  peculiar  rites  and 
ceremonies  with  which  the  ancients,  and,  for  that  matter,  some 
people  of  modern  times,  presided  over  the  constructions  of  roads. 
The  author  devotes  himself  to  the  various  superstitions  of 
travelers,   both    civilized    and    savage,  concluding   with   the 


divinations  and  proverbs  of  all  countries  relatively  to  roads. 
This  plan  is  followed  in  all  of  the  monographs  which  compose 
the  book.  The  author  deals  successively  with  highways, 
bridges,  railways,  dikes,  canals,  locks,  aqueducts,  lighthouses, 
mines  and  costumes.  The  monograph  in  regard  to  bridges  is 
the  longest  in  the  book — probably  because  in  this  department, 
with  the  exception  of  lighthouses,  materials  are  most  abun- 
dant. This  is  probably  due,  as  the  author  suggests,  to  the 
difficulties  which  meet  the  engineer  in  the  construction  of 
bridges,  which  is  far  more  difficult  than  that  of  roads. 

The  Greeks  and  Romans— especially  the  latter— had  a  true 
worship  for  rivers,  and  their  first  care  was  to  sacrifice  to  the 
divinities  which  presided  over  them  in  order  to  insure  their 
favor,  or  at  least  their  neutrality,  so  that  the  college  of  pontiffs 
at  Rome  occupied  the  position  of  priest  and  engineer  ;  and  it 
has  only  been  in  modern  times  that  bridge  builders  have  lost 
their  sacred  character. 

The  legends  and  stories  which  surround  the  building  of 
bridges  in  the  Middle  Ages,  in  which  the  constructor  made  a 
league  with  the  devil,  and  the  old  and  oft-repeated  story  that 
the  devil  stipulated  for  the  first  living  being  that  passed  over 
the  bridge,  and  that  he  was  cheated  by  the  substitution  of  ani- 
mals for  men,  is  met  with  on  every  hand. 

Attention  is  especially  directed  to  the  important  role  which 
bridges  played  in  the  life  of  the  cities  of  the  Middle  Ages,  and  of 
the  many  civil  and  religious  ceremonies  which  were  inaugurat- 
ed at  their  opening,  and  the  laying  of  their  foundations.  One 
of  the  most  interesting  chapters  is  that  relating  to  railways, 
which  has  been  compiled  by  the  aid  of  very  widely  scattered 
documents,  and  which  have  been  for  the  most  part  unedited. 
It  is  difficult  for  us  to  realize  at  present  the  great  amount  of 
superstition  which  surrounded  the  early  establishment  of  rail- 
ways, unless  we  are  willing  to  consider  that  the  peasantry  of 
Europe  regarded  them  in  the  early  thirties  in  the  same  way 
that  the  Chinese  do  to-day.  For  example,  on  page  485  there 
is  a  prayer  with  which  the  Bishop  of  Orleans,  M.  Fayet, 
blessed  the  inauguration  of  the  first  great  French  railway — 
that  from  Paris  to  Orleans,  on  May  2,  1843— and  it  was  spe- 
cially recommended  that  all  Christian  followers  should  recite 
this  prayer  and  meditate  upon  it  when  confiding  themselves  to 
the  cars  which  carried  them. 

In  the  second  part  the  monograph  on  mines  and  miners  oc- 
cupies about  200  pages.  The  belief  that  mines  originated,  for 
the  most  part,  in  something  supernatural,  and  the  singular  ideas 
which  were  held  in  regard  to  them,  are  carefully  developed. 
Their  discovery  was  attributed  to  mysterious  circumstances, 
and  to  the  intervention  of  divinities  or  supernatural  agencies. 
The  timid  imagination  of  minets  peopled  this  dark  world  with 
strange  apparitions,  which  almost  always  were  of  a  mysterious 
and  terrible  nature.  Their  role  is  habitually  that  of  a  wicked 
demon  provoking  turmoils,  kindling  terrible  fires,  amusing 
themselves  with  terrible  noise  in  mockery  of  the  workmen, 
while  the  latter,  in  order  to  free  themselves  from  the  awe 
with  which  they  were  surrounded,  had  recourse  to  ceremonies 
which  were  for  the  most  part  purely  superstitious.  The  cos- 
tumes of  miners  are  described  in  the  last  chapters. 

The  book  is  very  fully  illustrated,  many  of  the  engravings 
being  borrowed  from  ancient  works  which  treated  upon  the 
subjects  handled,  and  the  430  illustrations  of  the  volume  form 
one  of  the  most  interesting  features  of  the  work.  The  con- 
cluding pages  are  occupied  by  a  list  of  principal  works  which 
were  consulted.  It  is  necessary  to  read  this  varied  detailed 
analytical  table,  which  appears  at  the  end  of  the  volume,  to  ap- 
preciate the  number  of  different  subjects  which  have  been  con- 
sulted in  the  compilation  of  this  work,  which  is,  we  believe, 
the  first  one  published  that  takes  this  peculiar  view  of  public 
works. 


La  Machine  Locomotive.    By  Edouard  Sauvage.    Baudry  & 
Co.,  Paris.     327  pp.,  5  X  7|  in. 

The  author  states,  in  his  introduction,  that  the  book  is  writ- 
ten in  order  to  give  locomotive  engineers  facility  of  access  to 
a  description  of  the  locomotive  engine  and  its  method  of  opera- 
tion. In  the  description  of  the  parts  and  their  method  of 
operation,  the  author  has  certainly  succeeded  in  making  him- 
self very  clear  ;  at  the  same  time  he  has  not  attempted  to  cover 
up  and  slide  over  the  difficulties  which  necessarily  present 
themselves  to  the  examination  of  certain  portions  of  the  engine, 
and  he  warns  his  reader  that  if  any  passage  proves  to  be  too 
difficult  to  grasp  at  the  first  reading]  that  he  should  not  be  dis- 
couraged, but  study  the  passage  carefully,  and  then  return  to 
it  after  reading  other  portions  of  tin-  work.  The  book  is  divided 
into  nine  chapters,  the  first  of  which  deals  with  generalities  such 
as  the  origin  of  the  power  engine,  the  forces  which  it  exerts,  the 
temperature  of  steam,  the  pressure  of  steam,  the  methods  of 
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combustion,  the  weight  and  traction  which  the  engine  can  exert, 
the  hours  of  labor,  etc. 

In  Chapter  II  lie  takes  up  the  matter  of  the  boiler,  handles 
it  very  carefully  and  thoroughly,  and  in  a  language  that  is  ex- 
ceedingly  simple.  The  mechanism,  frames,  different  types  of 
locomotives,  the  tenders,  methods  of  stopping,  which  include 
the  various  systems  of  brakes  in  use  on  the  French  railways 
and  instructions  for  handling  an  engine,  and  the  work  which 
should  be  done  at  terminal  stations,  are  successively  dealt  with, 
and  in  a  manner  so  clear  that  it  is  difficult  to  understand  why 
the  author  should  have  taken  the  precaution  to  advise  his  read- 
ers in  his  introduction  that  some  passages  would  be  difficult  to 
understand,  and  it  would  be  well  to  revert  to  them  afterward. 
Necessarily,  the  author  deals  with  the  strictly  French  type  of 
locomotive,  as  he  is  writing  for  men  engaged  in  French  rail- 
uay  service  ;  but  locomotive  service  is  becoming  cosmopolitan 
to  such  an  extent  that  his  instructions  and  comments  regard- 
ing the  methods  of  doing  locomotive  work,  and  the  weak  and 
strong  parts  of  the  engine,  are  equally  applicable  to  American 
engines. 

Mr.  Sauvage  has  been  for  many  years  connected  with  the  loco- 
motive departments  of  two  of  the  largest  railway  departments 
of  France,  the  Northern  and  the  Eastern  line,  and  being  in 
constant  touch  with  the  men  on  the  road,  and  with  the  de- 
signing and  construction  of  the  engines,  his  qualifications  for 
writing  such  a  book  are  far  above  those  of  the  average  me- 
chanical engineer.  The  book  is  very  fully  and  completely 
illustrated,  and  what  will  undoubtedly  add  to  its  popularity 
is  the  fact  that  it  is  wonderfully  free  from  mathematics.  There 
is  hardly  a  formula  in  the  whole  book,  and  nothing  that  re- 
quires any  knowledge  above  that  capable  of  handling  the  sim- 
plest arithmetical  problems.  Unfortunately  for  English  read- 
ers, the  book  is  in  French  ;  but  it  certainly  seems  that  a 
translation  would  be  an  acceptable  addition  to  the  literature  of 
English  readers. 

Tite  Steam  Engine  and  Other  Heat  Engines.  By  J.  A. 
Ewing,  Professor  of  Mechanism  and  Applied  Mechanics  in 
the  University  of  Cambridge.  Macmillan  &  Co.,  New 
York.     400  pp.,  9  X  5f  in. 

Considering  what  a  grand  subject  it  is,  it  is  surprising  that 
there  are  so  few  good  books  on  the  steam  engine.  Probably 
there  is  no  question  which  an  editor  of  an  engineering  paper 
Is  called  on  to  answer  oftener  than  the  inquiry,  "  Which  is  the 
best  book  on  this  subject  ?"  and  it  is  never  asked  without  per- 
plexing the  editor.  The  book  before  us  will  not  .lessen,  but. 
rather  increase,  the  difficulty  of  answering  such  inquiries. 

In  his  preface  the  author  says  that  some  years  ago  he  "  under- 
took to  prepare  an  article  on  the  Steam  Engine  and  other  Heat 
Engines  for  the  Encyclopedia  Britannica,  and  it  then  seemed 
that  the  subject,  might  be  appropriately  treated  by  "following 
the  general  lines  which  had  been  found  suitable  in  lecturing  to 
students  of  engineering.  The  article  was  accordingly  written 
on  these  lines,  but  necessarily  in  a  very  condensed  form."  His 
book,  he  tells  us,  is  an  expansion  of  that  article,  or,  rather,  is 
based  on  it,  but  with  additions  and  changes  which  virtually 
make  it  a  new  work.  It  is  very  doubtful  whether  the  "  gen- 
eral lines  which  have  been  found  suitable  in  lecturing  to  stu- 
dents" are  often  a  good  basis  for  a  treatise  on  any  subject.  At 
any  rate,  probably  readers  will  bear  out  the  assertion  that  most 
books  with  lecture  notes  for  their  basis  are  not  usually  satis- 
factory treatises.  Books,  though,  are  like  people  ;  we  must  ac- 
cept them  as  they  are.  with  their  characteristics,  whatever  tbey 
may  be,  and  not  what  they  might  be. 

The  titles  of  the  chapters  of  the  book  before  us  are  The 
Early  History  of  the  Steam  Engine  ;  Elementary  Theory  of 
Heat  Engines,  Properties  of  Steam  and  Elementary  Theory  of 
the  Steam  Engine  ;  Further  Points  in  the  Theory  of  Heat  En- 
gines ;  Aetna!  Behavior  of  Steam  in  the  Cylinder  ;  the  Testing 
of  Steam  Engines  ;  Compound  Expansion  ;  Valves  and  Valve 
<e  ars  ;  Governing  ;  the  Work  on  the  Crank  Shaft  ;  the  Pro- 
duction of  Steam  Boilers  ;  Forms  of  the  Steam  Engine  ;  Air. 
Gas  and  Oil  Engines. 

About  half  of  the  book  is  devoted  to  the  theory  of  the  steam 
engine  and  the  other  half  to  descriptions  of  its  organs  and  their 
functions.  In  looking  through  its  pages,  one  is  disposed  to 
say  of  it  that  what  is  "  new  in  it  is  not  true,  and  what  is  true 
is  not  new."  The  first  part  of  the  criticism,  though,  has  little 
or  no  application,  as  there  is  not  much  that  is  new.  The  con- 
tents consist  largely  of  fragmentary  theories  and  statements  of 
facts  relating  to  the  subjects  discussed,  which  are  collected 
together  into  chapters,  and  are  often  undigested,  incomplete, 
and  generally  unsatisfactory. 

The  mechanical  work- that  is,  the  printing,  paper  and  bind- 
ing—are all  excellent ;  and  it  has  a  good  index,  for  which 
merits  let  the  author  and  publisher  be  praised. 


Tiie  Encyclopaedia  of  Foundry  and  Dictionary  op  Foun- 
dry Terms  used  in  the  Practice  of  Molding.  Togetlicr 
with  a  Description  of  the  Tools,  Mechanical  Appliances,  Mate- 
rials and  Methods  Employed  to  Produce  Castings  in  all  the 
Useful  Metals  and  their  AUoys,  Including  Brass,  Bronze, 
Steel,  Bell,  Iron  ami  Type  Founding  ;  with  muni/  Original 
Mixtures  of  Recognized  Value  in  tin  Mechanic  Arts.  Also 
Aluminum,  Plating,  Gilding,  Silvering,  Dipping,  Lacquer- 
ing, Staining,  Bronzing,  Tinning,  Galvanizing,  Britannia 
Ware,  German  Silver,  Nickel,  Soldering,  Brazing,  Ores, 
Smelting,  Refining,  Assaying,  etc.  By  Simpson  Bolland, 
Practical  Molder  and  Manager  of  Foundries.  New  York  : 
John  Wiley  &  Sons.     535  pp.,  7f  X5  in. 

This  formidable  title  leaves  little  room  for  saying  anything 
else,  even  if  a  dictionary  were  not  always  the  most  hopeless 
kind  of  book  to  review  ;  and  one  is  always  disposed  to  say  of 
it,  as  the  Scotchman  did  of  Johnson's  Dictionary,  that  it  is 
"  interesting  reading,  but  hard  to  remember." 

The  book  before  us,  as  its  title  indicates,  is  more  than  a  mere 
vocabulary  with  definitions.  Many  of  the  words  and  terms 
have  dissertations  on  them  occupying  several  pages.  Thus, 
after  the  word  "  cupola"  there  is  the  definition  :  "  A  cupola 
is  simply  a  foundry  melting  furnace,"  and  then  there  isa  fuller 
description  of  its  construction,  which  occupies  two  pages. 
Many  curious  facts  are  given  ;  thus,  after  the  term ' '  Damascus 
steel"  it  is  said  that  "it  is  composed  of  layers  of  very  pure 
iron  and  steel,  worked  with  great  care  by  heating  and  extraor- 
dinary forging,  such  as  twisting,  doubling,  etc.,"  facts  which 
probably  few  readers  ever  heard  of  before. 

In  looking  over  the  interesting  pages  of  this  book  the  reflec- 
tion is  suggested,  though,  of  how  much  more  interesting  it 
would  be  if  it  was  well  illustrated  with  engravings  of  the  ob- 
jects described. 


Tnt:  Effect  of  Brakes  upon  Railway  Trains.  By  Cap- 
tain Douglas  Galton.  Reprinted  with  a  Preface  by  the 
Westinghouse  Air  Brake  Company.     171  pp.,  6  X  9  in. 

The  Westinghouse  Company  have  done  railroad  engineers  a 
service  in  reprinting  the  three  papers  which  were  read  by  Cap- 
tain Galton  before  the  Institution  of  Mechanical  Engineers  in 
1878  and  1879.  Those  papers  are  not  accessible  to  most  read- 
ers, and  by  their  republication  they  are  now  placed  within  the 
reach  of  all  who  desire  to  get  them. 

The  circumstances  under  which  these  experiments  were  made 
are  desciibed  as  follows  in  a  preface  to  the  volume  before  us  : 
A  short  time  previous  to  the  experiments,  in  a  discussion  at 
the  Institution  of  Mechanical  Engineers,  Mr.  Westinghouse 
called  attention  to  the  fact  that  "  in  testing  the  action  of  vari- 
ous kinds  of  brake  shoes  he  had  observed  a  very  marked  differ- 
ence in  the  friction  of  the  shoes  upon  the  wheels  at  high  speeds 
and  at  low  speeds.  He  believed  that  a  determination  of  the 
facts  was  of  great  importance,  and  volunteered  to  design  and 
construct  the  necessary  automatic  recording  apparatus,  and  to 
carry  out  a  system  of  experiments  under  the  direction  of  any 
person  who  should  be  appointed  by  the  President  of  the  Insti- 
tution to  supervise  the  tests  and  report  to  it.  The  Institution 
immediately  took  advantage  of  this  offer  of  Mr.  Westinghouse, 
and  designated  Captain  Douglas  Galton,  who,  on  behalf  of  the 
Institution,  personally  directed  the  experiments.  The  success 
of  the  project  became  assured  when  the  London,  Brighton  «fc 
South  Coast  Railway  placed  a  locomotive  and  brake  van  at 
the  disposal  of  Captain  Galton  and  Mr.  Westinghouse,  and 
offered  every  facility  for  conducting  the  experiments." 

The  results  of  these  experiments  were  afterward  embodied 
in  the  three  papers  which  are  now  reprinted.  The  mechanical 
work  of  the  reprint  is  all  admirable.  There  is  only  one  ad- 
verse criticism  to  make — the  paper  of  the  book  has  a  most  hor- 
rible odor — a  characteristic  of  some  of  the  coated  paper  which 
of  late  has  come  into  use  so  much.  In  reading  it  one  Instink- 
tively  holds  the  book  to  the  leeward,  and  longs  for  a  bottle  of 
disinfectant. 


ASPHALTUM  in  1893.  By  Clifford  Richardson  and  E.  W.  Par- 
ker. Extract  from  the  "  Mineral  Resources  of  the  United 
States,  Calendar  Year  1893."  Department  of  the  Interior, 
Geological  Survey,  I.  W.  Powell,  Director.  Washington  : 
Government  Printing  Office.     45  pp.,  5J  X  9  in. 

Of  this  publication  it  may  be  said,  generally,  that  it  tells  all 
about  asphaltum,  what  is  its  amount  of  production,  where  it 
comes  from,  how  it  is  produced,  what  it  is  used  for,  origin  and 
history  of  the  asphaltum  paving  industry,  specifications  for 
paving,  life  of  such  pavements,  etc.  The  accounts  of  the 
sources  of  supply  of  asphaltum  in  California  and  Trinidad  are 
especially  interesting.  Any  one  concerned  in  the  subject  will 
be  amply  repaid  by  reading  this  carefully  prepared  report. 
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The  National  ScnooL  of  Electricity.  Prospectus. 
I.  Allan  Hornsby,  Secretary.  Chicago.  In  this  announcement 
it  is  said  that  it  is  "  the  intention  to  organize  a  class  in  elec- 
tricity in  every  city  and  town  where  the  population  will  jus- 
tify it. "  It  is  not  assuring,  though,  to  be  told  that  "  the  course 
of  study  will  occupy  about  one  year,  allowing  for  holiday  sea- 
sons and  intemperate  weather,"  and  "the  tuition  fee  for  the 
course  will  be  $12.50."  The  names  of  a  number  of  distin- 
guished  people  are  given  as  an  "  honorary  faculty  ;"  but  what 
part  if  any  they  will  take  in  the  tuition  is  not  told. 


Bkick  pou  Stkeet  Pavements.  An  Account  of  Tests  Made 
of  Bricks  and  Paring  Blocks,  with  a  Brief  Discussion  of 
Street  Pavements  and  the  Jlethod  of  Constructing  them. 
New  Edition,  with  a  Paper  on  Country  Roads.  Prepared 
for  the  Engineers'  Club  of  Cincinnati.  April,  1894.  By 
M.  D.  Burke,  C.E.  Cincinnati :  Robert  Clarke  &■  Co. 
108  pp.,  6  x  9  in. 

The  origin  of  this  pamphlet  is  explained  by  the  author  in 
his  preface,  in  which  he  says  that  "  a  large  part  of  the  contents 
of  it  was  contained  in  a  report  made  to  the  village  authorities 
of  tests  of  material  to  be  used  in  paving  streets  in  Avondale, 
where  the  writer  was  employed  as  village  engineer." 

Sixteen  different  kinds  of  paving  brick  were  tested.  In  mak- 
ing them  "it  was  deemed  advisable,"  the  writer  says,  "to 
ascertain  first  the  essential  chemical  ingredients  ;  second,  the 
ratio  of  absorption  :  third,  the  crushing  strength  ;  fourth,  the 
transverse  strength  ;  fifth,  the  resistance  to  abrasion  and  im- 
pact." The  results  of  these  tests  are  very  fully  and  lucidly 
described.  Besides  there  are  dissertations  under  the  folio wing 
headings  :  Statistics  of  Traffic  and  Durability  of  Pavements  ; 
the  Probable  Durability  of  a  Brick  Pavement  ;  Municipal 
Methods  ;  General  Discussion  of  Pavements  :  What  Shall  be 
Specified  ;  What  has  been  Done  :  the  Matrix  ;  Where  Should 
Brick  be  Used  for  Street  Pavements  ;  Maintenance:  Wl 
in  a  Name  ;  Size  of  Paving  Bricks  and  Country  Roads. 

Regarding  the  durability  of  brick  pavement,  the  author  con- 
cludes, from  his  abrasion  tests,  that  the  time  required  to  wear 
an  inch  from  the  brick  will  be  about  60  per  cent,  of  that  re- 
quired to  wear  an  inch  from  granite  ;  and  this,  he  says, 
"  would  seem  to  justify  the  belief  that  a  brick  pavement  on 
Fourth  Street,  between  Walnut  and  Race,  in  Cincinnati,  should 
be  in  fair  condition  after  ten  years'  traffic  shall  have  passed 
over  it." 

The  style  of  the  book  indicates  that  it  was  written  by  a  per- 
son accustomed  to  deal  with  things  and  not  merely  write  about 
them,  and  what  he  reports  and  discusses  are  the  results  of  ob- 
servations and  are  not  "lecture  notes,"  to  which  so  much 
vapid  technical  literature  owes  its  origin.  The  essay  can  be 
commended  to  all  who  want  information  about  the  subject  — 
which  is  daily  growing  in  interest— which  it  discusses. 


Country  Roads— No.  I.     Edited  and  published  bi-monthlv 
by  Isaac  B.  Potter,  New  York.     154  pp.,  4f  X  6J  in. 

Apparently,  if  we  don't  have  good  roads,  it  will  not  be  for 
the  want  of  literature  on  the  subject.  The  above  is  a  new 
candidate  for  public  favor  at  10  cents  a  copy  and  50  cents  a 
year.  It  is  intended  to  give  to  people  who  need  practical 
knowledge  of  road  and  street  making,  and  who  cannot  afford 
to  pay  the  prices  commonly  charged  for  scientific  books,  in- 
formation in  a  convenient  and  attractive  form  at  a  merely 
nominal  price. 

This  first  number  is  certainly  worth  10  cents,  as  the  follow- 
ing sample  of  its  contents  will  show  : 

"I  say  to  every  road-maker,"  the  editor  says,  "  it  pays  to 
think.  There  is  money  in  it.  .  .  .  I  believe  that  every  citi- 
zen of  this  country  who  owns  a  wagon  should  paint  in  con- 
spicuous letters  on  each  end  of  it  these  words  :  '  He  that  hath 
brains  to  think,  let  him  think.'  If  he  will  do  this  on  the  sub- 
ject of  country  roads  he  will,  perhaps,  know  what  a  horse  knew 
years  ago.  .  .  .  I  have  never."  he  says  further.  "  had  the  heart 
to  blame  a  kicking  horse.  It  is  the  only  way  he  has  of  stating 
his  opinion — his  one  solitary  method  of  filing  an  objection. 
When  he  kicks  too  much  I  always  think  of  the  other  horses 
that  don't  kick  enough  ;  and  I  have  seen  it  done  under  perfect- 
ly justifiable  conditions— under  circumstances  of  cruel  provo- 
cation that  would  excuse  manslaughter  and  justify  an  earth- 
quake ;  and  though  the  air  was  filled  with  splinters  and 
profanity,  I  have  had  the  happy  satisfaction  of  seeing  a  dumb 
and  patient  brute  deliver  an  eloquent  and  emphatic  argument 
in  behalf  of  downtrodden  labor.  The  only  beast  that  was  ever 
know  to  talk  is  said  to  have  called  Mr.  Balaam's  attention  to 
the  bail  going. 

"  If  all  the  sixteen  millions  of  farm  horses  in  this  country, 
all  the  faithful  lieasts  that  have  become  galled,  and  jaundiced, 


and  wind-broken,  and  spavined,  and  foundered  and  mangy  in 
our  service,  should  make  up  their  minds  to  balk  and  shy  at 
every  mud-hole.  and.  for  every  blow,  to  stand  in  their  tracks 
and  kick  holes  in  the  firmament,  the  question  of  better  roads 
would  be  forever  set'  ■_  by  I.  B.  Pot 

We  agree  with  Mr.  Potter  that"  it  pays  men  to  think,  espe- 
cially if  it  enables  them  to  write  as  he  docs  ;  but  whether  it 
would  pay  sixteen  millions  of  horses  to  think  and  begin  '"  kick- 
ing holes  in  the  firmament"  is  quite  another  question. 


BOOKS    RECEIVED. 


Electricity  One  Hundred  Years  Ago  isd  To-day.  Bv 
Edwin  J.  Houston.  New  York  :  The  W.  J.  Johnston  Com- 
pany, Limited. 

The  Animal  as  a  Machine -and  a  Prime  Motc 
Lava  qf  But  •    tie*.    By  Professor  R.  H.  Thurston.    New  York  : 
John  Wiley  &  Sons.     97  pp..  5  X  74  in. 

Weather-Making.  Ancient  and  Modern.     The  National 
raphie  Magazine.    Washington:  published  by  the  National 
Geographic  Society.     38  pp.,  6  x  9f  in. 

Twenty  Fifth  Annual  Report  of  the  Railroad  COMMIS- 
SIONERS OI  THE  STATB  OS  M"  ssachUSETTS.      BoStOtl  :    Wn% 

&  Potter  Printins  Company.  State  Printers.     600  pp.,  5 
Bf  in. 

Eleventh  Annual  Refort  of  the  Board  of  Railroad 

COMMISSIONERS   OF   THE   STATE    OF    NEW  York,   for    the     Tear 

Vol.  I.     Albany  :  James  B.  Lyon,  State  Printer.     12 
X  Bj  in.,  with  map. 

Proceedings  of  a  National  Convention  of  Railroad 
Commissioners,  Held  at    I  -  the  Interstate   Com 

Commission,  Washington,  D.  C.  May  8  and  9.  1894.     Wash- 
ington :  Government  Printing  Office."    78  pp.,  9  X  5f  in. 

On   Methods   used  and  Results  Obtained  ln  Making 
Germicidal-Efficiexcy  Tests  of  a  Disinfectant  fo;. 
r_v  Railway  Sanitation.     By  William  T.  Sedgwick.     Bos- 
ton :  Beacon  Press,  Thomas  Todd,  Printer.    23  pp.,  7  x  9J  in. 


TRADE    CATALOGUES. 


Price  List  of  Professor  Sweet—  Patent  Measuring 
Machines,  Manufactured  by  the  Syracuse  Twist  Drill  Com- 
pany, Syracuse,  N.  Y.     12  pp.,  3J  X  5j  in. 

The  title  of  this  "  booklet"  is  of  itself  sufficiently  descrip- 
tive. The  measuring  machines  have  a  micrometer  "screw  ar- 
rangement, and  are  made  in  sizes  to  measure  up  to  24  in.  An 
excellent  and  well-illustrated  description,  showing  the  special 
features  of  the  instruments,  is  given,  with  prices,  sizes,  etc. 


Our  Share  in  Coast  Defense.  Part  III.  Builders'  Iron 
Foundry,  Providence,  R.  I.     16  pp.,  6  X  9  in. 

The  purpose  of  this  pamphlet  is  to  give  a  description  of  the 
12-in.  spring  return  mortar  carriages  marie  at  the  Builders' 
Iron  Foundry.  An  excellent  half-tone  engraving  is  given  of 
one  of  these  carriages,  which  was  exhibited  at  Chicago,  with 
outline  engravings  showing  side  and  end  views,  and  aplaa  of 
the  mortar  and  carriage.  In  the  description  the  publishers 
say  that  they  have  followed  quite  closely  the  wording  of  the 
report  of  the  Government  Inspector  at  the  works. 


Skinner  Patent  Chucks.  Manufactured  by  the  Skinner 
Chuck  Company,  New  Britain,  Conn.     48  pp.,  6  X  9  in. 

This  company  manufactures  ami  have  described  in  their 
new  catalogue  independent,  universal,  combination,  and  uni- 
versal and  combination  lathe  chucks,  drill  and  planer  chucks, 
and  face-plate  jaws,  etc.  These  and  their  different  parts  are 
illustrated  by  over  70  wood-engravings  and  descriptions. 
The  manufacturers  write  that  they  have  added  several  new 
styles  of  chucks  to  their  list.  Anew  feature  of  their  eatal  _  . 
is  that  a  number  is  provided  for  every  style  and  size  of  chuck 
which  they  regularly  make,  whereby  "they  can  be  ordered 
without  going  into  detail. 


American  Tube  Works,  Boston,  Mass.  Seamless  Drawn 
Brass  and  Copper  Tubes.  W.  H.  Bailey.  A_-ent.  2"  Gold 
Street,  New  York.     51  pp.,  44  X  7 \  in. 

There  are  perhaps  few  subjects  so  provocative  of  profanity 
to  mechanical  engineers  as  wire  gauges.  The  American  Tube 
Works  have  done  somethinz  to  lessen  such  infractions  of  the 
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mora]  code  by  giving,  in  a  clear  and  concise  form  in  the  be- 
ginning of  tiicir  catalogue,  the  sizes  of  the  Stubs'  unci  the 
Brown  &  Bharpe  gauges.  Elaborate  tallies  are  afterward 
{riven  of  the  sizes  and  weights  oi  the  tubing  made  by  this 
company,  and  the  volume  ends  with  some  very  convenient 
pages  oi  cross-sei  ii  m  paper  for  memoranda. 


Concerning  Red  Lead.    National  Lead  Company,  1  Broad- 
way. New    York.      Compiled    l>v    Ralph    K     Wing.     29   pp., 

54;  X  Kin. 

The  purpose  of  this  publication  is  to  advocate  the  use  of 
lead  paints  instead  of  other  compounds.  It  gives  first  a  de- 
scription of  what  red  and  white  lead  are,  and  how  they  are 
manufactured.  This  is  followed  by  extracts  and  reprints  from 
various  publications  of  articles  on  paints.  These  are  brought 
together  in  convenient  form,  and  give  the  results  of  the  ob- 
ation  and  experience  of  many  persons  with  the  use  of 
paints  under  many  different  circumstances.  The  pamphlet  is 
well  worth  possessing  by  those  interested  in  the  subject,  and 
may  be  obtained  by  writing  for  it  to  the  publishers. 


The  Value  of  Tie  Plates  in  Track  Repairs.  An  Analy- 
sis of  the  Dimensions.  Form  and  Functional  Purposes  of  Tie 
Plates.  Read  before  the  Buffalo  Association  of  Railroad  Super- 
intendents, April  19,  1894.  By  BeDJamin  Reece.  Published 
by  the  Q.  ifc  C.  Company,  of  Chicago.     63  pp.,  6  X  8$  in. 

The  purpose  of  this  paper  is  indicated  by  the  above  title.  It 
is  an  investigation,  made  by  the  author,  to  ascertain  the  value 
of  tie  plates  under  the  rails  of  railroad  tracks,  and  especially 
of  the  Servis  Tie  Plate,  which  has  of  late  years  been  extensive- 
ly introduced.  The  paper  is  well  illustrated  with  a  variety  of 
engravings,  showing  the  effects  of  the  wear  of  rails  on  ties,  and 
is  a  careful  study  of  the  subject  and  replete  with  information 
in  which  every  engineer  in  charge  of  track  is  interested. 

Modern  Turret  Lathe  Practice.  Published  by  the 
Gisholt  Machine  Company,  Madison,  Wis.    12  pp.,  7  x  10+  in. 

This  company  has  sent  us  the  May  and  June  numbers  of  a 
publication  with  this  title,  which  contains  half-tone  engravings 
of  the  machines  they  make,  and  descriptions  of  the  work 
which  can  be  done  on  them.  It  is  proposed  to  Issue  this  pub- 
lication monthly  hereafter,  which  intention,  no  doubt,  will  be 
carried  out  for  a  short  time  ;  but  it  is  safe  to  predict  that  the 
material  required  for  each  number  will  be  exhausted  before 
many  months  roll  by.  The  machines  are  fairly  well  illustrat- 
ed, and  doubtless  are  capable  of  doing  excellent  work.  Tin- 
publication,  as  long  as  it  is  continued,  will  help  to  instruct 
mechanics  with  reference  to  the  work  which  can  be  done  on 
machines  of  fhis  kind. 


The  Aerated  Fuel  Process  of  Burning  Oil,  for  all  Pur- 
poses for  which  Heat  is  Required  in  the  Mechanical  Arts. 
Gilbert  A  Barker  Manufacturing  Company,  New  York  and 
Springfield,  Mass.     50  pp.,  6 1  X  7+  in. 

Aerated  fuel  is  crude  mineral  oil  which  is  "  atomized"  by 
being  fed  through  burners  by  a  current  of  compressed  air. 
The  special  apparatus  which  the  Gilbert  &  Barker  Company 
are  making  for  this  purpose  is  fully  described  in  the  circular 
before  us,  which  is  illustrated  with  engravings  of  the  air  com- 
pressors and  the  oil  pumps  and  receiver  which  are  used.  The 
process  is  fully  described,  and  a  large  number  of  testimonials 
are  published,  in  which  the  opinions  of  those  who  have  used 
the  apparatus  is  given,  and  which  are  evidence  of  the  extent  to 
which  this  kind  of  fuel  is  now  used. 


A  Few  Plain  Facts  Concerning  Water-Tube  Boilers. 
Information  Pamphlet  \"<>.  '.'.  Abendroth  &  Root  Manufac- 
turing Com]  any,  New  York.     I).")  pp..  9J  X  6  in. 

This  is  a  well-printed  and   elaborately   illustrated    pamphlet 

describing  the  well-known  Root  water-tube  boiler.  The  de 
SCription  begins  by  telling  us  what  the  boiler  is  ;  next  then-  is 
a  statement  of  the  claims  made  for  it.  In  which  its  peculiarities 
and  merits  of  construction  an-  very  fully  described  and  illus- 
trated .  third,  a  chapter  on  the  "  Circulation  in  the  Improved 

Boiler  ;"  fourth,  a  "  Few  Special  Words  about  Facilities  foi 
ining,"  and  last,  a  "  General  Description  of  the  Improvi  I 
Root  Boiler."  The  publication  is  Illustrated  by  over  30 
woodcuts  and  "  half-tone  '  engravings,  all  of  the  very  best 
kind.  It  is  another  illustration  of  the  fact  that  the  best"  tech 
nical  literature  now  relating  to  many  subjects  may  be  found 
among  tiade  catalogues. 


surprised  at  the  amount  of  information  there  is  to  be  acquired 
on  all  kinds  of  subjects.  We  have  before  us  a  new  catalogue 
published  by  the  Boston  Belting  Company,  which,  to  use  a 
boy's  expression,  is  "  chuck  full"  of  information  from  one  end 
to  the  other.  There  is,  first,  a  short  history  of  the  company  ; 
then  "  facts  relating  to  belting,"  followed  by  a  long  chapter 
of  "  suggestions  for  the  transmission  of  power  by  rubber  belt 
ing."  Aftet  this  are  chapters  describing  the  different  kinds 
of  beltimr.  hose  packing,  valves,  tubing,  soling,  springs,  mats 
and  matting  and  rubber  rollers  made  by  this  company.  Inter- 
spersed all  through  it  is  a  great  deal  of  valuable  information 
which  makes  the  catalogue  a  valuable  acquisition  for  any  me- 
chanic or  engineer  who  wants  to  be  well  up  in  information 
concerning  these  subjects. 


The  McSiierry  Manufacturing  Company,  Manufacturers 
of  Patent  Lever,  Screw  and  Ratchet  Lifting  Jacks,  Dayton,  O. 
29  pp.,  6x8$  in. 

In  this  catalogue  the  manufacturers  have  illustrated  and  de- 
scribed nine  different  forms  and  sizes  of  lever  jacks,  which  are 
operated  by  a  lever  and  ratchet.  These  are  intended  for  lifting 
buggies,  carriages,  wagons,  threshing  machines,  portable  en- 
gines, railroad  cars  and  tracks  and  for  wrecking  purposes.  Seven 
different  kinds  of  screw  jacks  are  also  shown  and  described. 
These  are  designated  as  "  building  and  bridge  jacks,"  locomo- 
tive, coach,  plug  and  foot-lift  jacks,  and  are  used  for  differ- 
ent purposes.  Accompanying  most  of  the  illustrations  of  the 
complete  jack,  engravings  of  their  different  parts  are  shown, 
to  facilitate  the  ordering  of  repairs.  The  illustrations  are 
wood  engravings,  which,  though  not  of  the  best  of  their  kiud, 
are  nevertheless  very  good. 

Bloomsburg  Car  Company,  Manufacturers  of  Freight, 
Mine  and  Dump  Cars  of  Every  Description,  Bloomsburg,  Co- 
lumbia County,  Pa.     55  pp.,6i  X  9*  in. 

The  great  variety  of  freight  cars  which  this  company  builds 
for  different  purposes  are  illustrated  by  very  good  wood-en- 
gravings in  the  new  catalogue,  which  is  before  us.  These  in- 
clude box,  stock,  gondola,  hopper  bottom,  construction,  flat 
and  caboose  cars  for  ordinary  roads.  Besides  these,  the  com- 
pany have  manufactured  a  great  many  kinds  of  cars  for  special 
purposes,  such  as  cars  for  narrow-gauge  roads  on  sugar  estates, 
dump  cars  of  many  kinds,  and  for  a  variety  of  purposes,  mine 
cars  of  different  kinds,  hand  and  push  cars,  lumber  trucks,  etc. 
The  company  also  makes  wheels  and  axles  and  the  beamless 
brake  which  is  described  and  illustrated,  portable  beams,  frogs 
and  turn-tables  for  light  railroads. 

In  their  preface  the  publishers  say  they  give  "  a  general 
view  of  their  works.  These  were  first  erected  in  1868,  and 
after  being  destroyed  completely  by  fire  in  1879,  were  rebuilt. 
To  these,  year  by  year,  improvements  and  additions  have  been 
added,  and  new  machinery  has  been  introduced  as  fast  as  it 
was  found  to  be  necessary  for  the  thorough  equipment  of  the 
shops.  The  plant  now  covers  over  four  acres  of  ground,  and 
our  shops  alone  cover  two  acres." 


BELPAIRE    BOILER    ON    THE  LEHIGH  VALLEY 
RAILROAD. 


Boston  Belting  Company,  Boston,  Mass.     no  pp..  aj  x 

(H  in. 
In  these  days  of  industrial  differentiation,  one  is  constantly 


When  Mr.  A  Mitchell  was  superintendent  of  motive  power 
of  the  Lehigh  Valley  Railroad,  he  designed  and  put  in  use  a 
Belpaire  boiler  with  a  wide  fire-box,  an  engraving  of  which 
we  give  in  this  issue.  The  peculiarity  to  which  we  wish  to 
call  most  particular  attention  in  the  boiler  is  the-  method  of 
staying  the  back  heads  by  running  through  braces,  with  nuts 
from  the  back  head  to  the  front  tube  sheet.  The  boiler  is  of 
such  a  width  that  it  extends  out  over  the  driving-wheels, 
which  tire  -1  It.  1  in.  in  diameter.  The  rear  driver  stands  at 
a  distance  o(  -1  ft.  0  in.  forward  of  the  back  head  of  the 
boiler.  The  next  one  is  spaced  4  ft.  5  in.  ahead  of  this  ;  both 
of  these  two  rear  drivers  arc  therefore  beneath  the  tire-box.  As 
the  boiler  is  used  on  consolidation  engines,  the  other  two  dri- 
vers are  located  beneath  the  shell.  The  total  driving-wheel  base 
of  the  engine  is  15  ft.  1  in.  The  pony  truck  stands  7  ft.  10.J 
in.  ahead  of  the  front  driver,  so  that  the  total  wheel  base  of  the 
engine  is  22  ft.  11. J  in.  The  total  length  of  the  boiler  is  26  ft. 
5  in.,  of  which  :'.  ft.  4  in.  is  occupied  by  the  smoke-box,  12  ft. 
4  in.  by  the  shell,  and   10  ft.  9  in.  by  the  firebox. 

It  would  seem  that  the  great  length  of  the  through  stays 
running  from  the  back  head  to  the  front  tube  sheet  would  cause 
them  to  vibrate  and  become  loose  in  running  ;  but  inasmuch 
as  these  engines  have  been  in  service  for  some  time  and  have 
given  most  excellent  satisfaction,  causing  no  trouble  in  this  re- 
spect, we  presume  that  the  difficulty  which  most  engineers 
would  anticipate  has  not  occurred.     The  fuel  used  is  anthra- 
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cite  coal.     The  following  are  the  specifications  and  the  general 
dimensions  of  the  boiler  :  * 

Inside- diameter  of  smallest  boiler  ring'. 4'    4* 

Material  of  barrel  of  boiler Steel. 

Thickness  of  plates  in  barrel  or  boiler %' 

Kind  of  horizontal  seams  Lap. 

**      "  circumferential  seams 

Material  of  tubes Iron. 

Number-        "     230 

Diameter  of  tubes  outside 2" 

Distance  between  center  of  tabes - 

Length  of  tubes  over  tube  plates 1 

"  fire-box 10' 

Width    "       ••        0' 


I  3f  back. 
13'    .V  front. 


Depth    "       "      

Water  space,  side  of  fire-box 21 J 

back-       "        8" 

"  "      front"        "        1' 

Material  of  outside  shell  of  fire-box Steel." 

Thickness  of  plates  of  outside  shell  of  fire-box !^' 


CROSS-SECTION   THROUGH  FIRE  BOX 


Material  of  inside  fire-box Steel. 

Thickness  of  plates  of  inside  fire-box fB' 

•■     back  end  of  fire-box %' 

••  •'    crown-plate X' 

Material  of  tube-plates Steel. 

Thickness  of  front  tube-plates *4' 

"  back         -  * 

C.-own-bar  staying {**£"  *»' 

Diameter  of  dome  outside 2'    1%' 

Height  of  dome  to  top  of  sheet 2* 

Maximum  working  pressure  per  sq.  in.  ...  140  lbs. 

Kind  of  grate  used Drop  bars. 

Width  of  bars  ior  diameter  of  tubes  of  water-grates) 2%'  diam. 

"       "  opening  between  bars  or  tubes H  ' 

Gratearea 60  sq.  ft. 

Heating  surface  in  fire-box 1.32.7    " 

'■tubes 1.437.87  " 

Total  heating  surface 1.566.57  " 

Kind  of  blast  nozzle Single. 

Diameter  of  blast  nozzle 4J4' 

Smallest  inside  diameter  of  stack 16* 

Height  from  top  of  rails  to  center  of  boiler —  7'  V 


NOTES  AND  NEWS. 


The  "  Cincinnati.'— The  cruiser  Cincinnati  is  now  in  com- 
mission, although  .she  is  still  in  the  hands  of  the  mechanics. 
It  is  expected  That  she  will  be  ready  fur  a  sea  cruise  short]; 
after  the  first  of  this  month.  The  dock  trials  of  the  engines 
took  place  a  few  weeks  ago,  and  were  very  satisfactory. 

Corrosion  of  Water  Pipes.  — Considerable  interest  has  been 
manifested  lately,  especially  in  the  neighborhood  of  Boston, 
in  the  corrosion  which  has  been  brought  about  in  gas  and 
water  pipes  through  the  effects  of  electrolysis  arising  from  the 
use  of  the  rails  on  street  railways  for  the  return  current  where 
the  trollev  system  is  iu  use.  It  was  found  that  the  electrolytic 
action  which  was  destroying  the  gaa  in  water  pipes  occurred 
where  the  current  entered  or  left  the  pipes.  Vari. 
tionsVere  made  in  order  to  overcome  this,  t  Ine  was  to  connect 
ground  plates  with  the  manholes,  and  so  transfer  the  electro. 
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lytic  action  to  these  plates.  Insulation  of  the  cables  and  pipes 
was  also  proposed,  but  nothing  satisfactory  has  yet  been  de- 
vised to  overcome  the  difficulty. 

Trial  of  Harveyized  Armor  Plate.— A  recent  trial  of  Har- 
veyized  armor  plate  made  by  the  Bethlehem  Iron  Works  was 
made  at  Indian  Head,  the  plate  subjected  to  the  test  being  77 
in.  in  thickness  and  made  of  nickel  steel.  It  was  one  of  the 
group  intended  for  the  barbettes  of  the  battleship  Massachu- 
v-  Us.  A  12-in  gun  was  used  and  two  shots  were  fired.  The 
first  shot  was  at  a  velocity  of  1,401  ft.  per  second,  with  a  pene- 
tration of  6  in.  or  7  in.  The  point  of  the  projectile  was  weld- 
ed into  the  plate  and  the  base  of  the  shell  demolished.  No 
cracks  were  developed  and  there  was  no  disturbance.  The 
second  shot  was  fired  at  a  velocity  of  1,858  ft.  per  second. 
The  shell  is  estimated  to  have  entered  the  plate  10  in.  or  11  in., 
the  point  remaining  in  the  plate  welded  as  in  the  first  shot. 
The  remainder  of  the  shell  was  badly  broken.  In  the  second 
shot  a  fine  crack  was  developed.  It  extended  from  the  point 
of  impact  to  the  nearest  edge.  It  was  believed  to  extend 
through  the  plate,  although  it  did  not  open  up  the  target,  and 
there  was  no  suggestion  of  the  huge  opening  which  was  creat- 
ed by  the  initial  shot  on  the  18-in.  plate.  The  results  were 
entirely  satisfactory,  and  will  suffice  to  pass  the  materials  on 
firing.  The  projectiles  used  were  of  the  Carpenter  type,  and 
apparently  up  to  the  standard  quality. 

Four-Wheeled  Coupled  Tank  Locomotive  on  the  Lon- 
don &  Southwestern  Railway. — In  our  issue  for  April  we 
published  drawings  and  a  description  of  a  four-wheeled  bogie 
tank  locomotive  that  is  used  on  the  London  &  Southwestern 
Railway,  which  was  designed  by  Mr.  W.  Adams,  Locomotive 
Superintendent.  On  another  page  we  publish  a  full-page  en- 
graving giving  the  side  view  of  this  engine,  for  which  engrav- 
ing we  are  indebted  to  the  Engineer  of  London.  This  engrav- 
ing gives  a  very  good  idea  of  the  appearance  ot  the  engine  on 
the  road,  and,  coupled  with  our  description  as  published  in 
April,  is  sufficient  to  enable  an  engineer  to  reproduce  the  en- 
gine if  he  should  so  desire.  We  wish,  however,  to  call  par- 
ticular attention  to  the  broad  and  safe  steps  which  are  used 
and  which  characterize  English  locomotive  practice  in  gen- 
eral, and  also  the  arrangement  of  the  driver  brakes,  in  which 
there  is  no  apparent  compensation  for  variation  in  the  wear  of 
the  shoes,  in  which  all  are  brought  to  bearing  before  the  break- 
ing resistance  really  begins. 

Testing  the  Dryness  of  Steam. — At  a  meeting  of  the  In- 
stitution of  Engineers  and  Shipbuilders  in  Scotland,  Mr.  Stroh- 
meyer  explained  the  method  of  testing  the  amount  of  moisture 
in  steam,  devised  by  Mr.  C.  J.  Wilson,  of  University  College, 
London.  The  principle,  which  is  more  particularly- applicable 
to  marine  engines,  consists  in  comparing  the  saltness  of  the 
steam  with  that  of  the  water  in  the  boiler—  The  test  is  carried 
out  by  means  of  nitrate  of  silver,  and  the  reaction  is  so  delicate 
that  with  only  1  per  cent  of  salt  in  the  boiler,  1  per  cent  of 
priming  water  can  be  accurately  determined  to  the  second 
decimal.  The  process  is  as  follows  :  To  1  part  of  salt  boiler 
water  there  is  added  100  parts  of  pure  condensed  water,  and 
into  this  there  is  poured  a  small  quantity  of  concentrated  solu- 
tion of  yellow  chromate  of  potash.  Then  a  nitrate  of  silver 
solution  containing  about  one-tenth  per  cent,  of  this  salt  is 
slowly  added.  With  each  drop  the  salt  water  turns  locally 
orange  red,  but  this  color  disappears  at  first  ;  later  on,  when 
all  the  salt  has  been  acted  on,  the  whole  fluid  changes  color 
from  pale  yellow  to  orange.  The  quantity  of  nitrate  solution 
is  noted,  and  then  the  experiment  is  repeated  on  the  condensed 
steam  from  the  engine,  undiluted  with  distilled  water.  The 
ratio  of  the  quantities  of  nitrate  of  silver  solution  used  in  the 
two  tests  expresses  the  amount  of  priming  in  per  cent. 

The  Fastest  Ship  in  the  World.— Under  this  title  the  En- 
gineer gives  some  data  in  regard  to  the  recent  trial  of  H.M.S. 
Daring.  This  vessel  is  a  torpedo  boat  catcher,  and  was  built 
by  Messrs.  Thornyeroft  &  Co.  In  the  mean  runs  over  the 
Admiralty  measured  mile  on  the  Maitland  sands,  she  reached 
the  unprecedented  speed  of  28.6  knots,  the  last  of  the  three 
runs  occupying  only  2  minutes  3  seconds,  which  is  equivalent 
to  a  speed  of  29.3  knots.  The  Daring  is  the  first  of  five  tor- 
pedo-boats and  destroyers  in  course  of  construction  by  Messrs. 
J.  I.  Thornyeroft  &  Co.,  to  form  a  part  of  the  new  destroyer 
flotilla  which  is  the  latest  department  in  the  Admiralty  naval 
policy.  The  dimensions  of  the  vessel  are  :  Length,  185  ft.  ; 
beam,  19  ft.  ;  and  draft,  7  ft.  These  vessels  have  been  de- 
signed for  the  purpose  of  overtaking  torpedo-boats  and  de- 
stroying them  by  shell  lire,  and  for  tins  purpose  a  considerably 
higher  speed  than  that  of  a  first-class  torpedo-boat  is  required, 
so  that  the  guaranteed  speed  is  27  knots,  to  lie  obtained  for  a 
continuous  3  hours  run  at  sea.  They  will  lie  armed  with  0 
quick-firing  guns  of  different  calibers,  and  provision  is  made 


for  fitting  them  as  torpedo  vessels  if  required.  The  largest 
size  of  the  destroyers,  as  compared  with  the  torpedo-boats,  en- 
ables them  to  maintain  their  speed  made  in  rough  water,  and 
to  make  it  more  difficult  for  the  torpedo-boat  to  escape.  The 
Thornyeroft  boats  are  fitted  with  a  special  system  of  double 
rudders,  which  give  them  exceptional  manoeuvring  power,  and 
enable  them  to  be  steered  astern  quite  as  well  as  ahead.  This 
was  decided  on  a  measured  mile,  so  that  these  greyhounds  of 
the  sea  can  double  and  turn  as  fast  as  the  hares  they  pursue. 
The  indicated  H.P.  is  estimated  from  4.S0O  to  4,900. 

Women  in  Railway  and  Postal  Service.— Le  Journal  des 
Transports  recently  had  an  item  in  regard  to  women  in  railway 
and  postal  service,  and  stated  that  women  were  first  employed 
in  France  in  post-office  work.  This,  it  seems  to  us,  is  a  little 
doubtful,  as  the)'  have  been  employed  for  many  years  in  the 
postal  service  of  the  United  States  ;  but  however  that  may  be, 
the  article  goes  on  to  state  that  the  attempt  has  given  such 
good  results  that  some  prefer  women  to  men  when  the  substitu- 
tion is  possible.  In  the  United  Kingdom  women  comprise  25.2 
per  cent,  of  the  employes  of  the  postal  service,  with  the  ex- 
ception of  the  porters,  who  are  not  included  in  the  estimate. 
In  Switzerland  women  compete  with  men  for  various  places  in 
the  postal  and  railroad  service.  They  are  very  numerous  in 
both  telegraph  and  telephone  work.  In  Holland  eight  groups 
only  in  the  postal  and  telegraph  service  are  open  to  women  ; 
720  are  engaged  in  railway  work.  The  number  of  women 
working  in  the  post-offices  of  Italy  is  very  small  :  but  in  Spain 
they  occupy  almost  all  of  the  office  positions  in  telephone 
work,  and  the  Government  has  under  consideration  the  propo- 
sition to  increase  their  number  in  telegraph  offices.  In  Switz- 
erland women  are  more  numerous  than  men  in  telegraph  work, 
and  they  are  admitted  to  all  kinds  of  postal  service  with  the 
exception  of  that  of  porter.  In  Norway  and  Denmark  women 
have  the  same  standing  as  men  and  the  same  salaries  in  the 
postal  and  telegraph  service.  In  Denmark  they  can  even  oc- 
cupy the  position  of  head  of  department,  and  are  admitted  as 
stenographers  in  Parliament.  Women  are  admitted  to  public 
employment  on  the  most  liberal  terms  in  Finland.  They  oc- 
cupy many  positions  in  Germany,  Austria,  Roumania,  Russia 
and'in  the"  English  colonies.  In  Brazil  they  are  admitted  to 
government  employment.  In  the  United  States  of  Colombia 
a  special  telegraph  group  has  been  established  for  them  ; 
finally,  in  Chili  they  not  only  occupy  positions  in  the  postal  and 
telegraph  service,  but  actually  monopolize  the  position  of 
street  railway  conductors. 

The  Expense  of  Electric  Lighting  with  Gas  Motors.— In 
a  paper  read  before  the  Industrial  Society  of  Northern  Fiance, 
after  having  given  a  resume  of  experiments  by  which  he  dem- 
onstrated that  more  light  could  be  given  by  driving  dynamos 
with  gas  motors  than  by  burning  the  same  quantity  of  gas  in 
burners.  M.  A.  Witz  showed  that  the  gas  companies  have  been 
induced  to  establish  central  electric  lighting  stations  in  order 
to  break  their  threatened  monopoly.  The  initiative  of  this 
movement  was  taken  in  Germany,  but  there  are  at  the  present 
time  16  stations  driven  by  gas  engines  in  France.  These  are 
connected  to  gas  works,  so  that  these  stations  permit  the  com- 
panies to  retain  their  patronage,  while  they  would  lose  it  if 
they  persisted  in  offering  them  nothing  but  gas.  M.  Witz  esti- 
mated in  a  general  way  that  under  these  conditions  a  hecto- 
watt of  light  could  be  "sold  for  2  cents,  while  still  making  in- 
sufficient profits,  and  he  arrived  at  these  figures  after  a  detailed 
and  careful  examination  of  the  expenses  of  operation,  interest 
and  depreciation.  But  there  would  still  be  a  considerable  ad- 
vantage for  consumers  of  light  if  they  organize  groups  among 
themselves  for  installing  special  stations  that  would  serve  iso- 
lated dwellings  in  the  wealthy  quarters  as  well  as  cafes,  hotels 
and  large  stores,  while  a  certain  number  of  houses,  by  forming 
a  syndicate,  could  obtain  light  at  a  low  price  ;  it  i9  sufficient 
for  this  purpose  to  set  up  a  motor  and  dynamo  in  the  center  of 
some  thinly  settled  locality.  An  annual  lighting  of  150,000 
lbs.  with  lamps  of  16-candle  power  places  the  cost  of  a  hecto- 
watt at  1.07  cents  when  gas  costs  3  cents  a  cubic  meter  (1.3 
cub.  yds.),  450,000  lbs.  lowers  the  expense  to  .84  cents,  and  it 
falls  to  .65  cents  when  the  amount  of  light  used  amounts  to 
1,500,000  lbs.  These  figures  are  based  upon  complete  details, 
including  interest  and  depreciation  at  15  per  cent.,  without 
profit  ;  they  are  very  low.  because  the  mains  leading  to  the  iso- 
lated point  are  usually  of  more  length.  The  facilities  with 
which  a  gas  motor  may  be  set  up  are  such  that  it  is  usually 
preferable  to  use  it  rather  than  steam  engines,  whose  boilers 
and  stacks  would  not  always  be  tolerated  in  the  better  quarters 
of  a  city.  When  gas  is  too  high  in  price  the  motor  can  be  fed 
with  a  poor  gas  like  the  Dawson  or  some  other,  in  which  case 
the  numbers  ot  hectowatt  would  diminish  still  more.  M. 
Witz  cites  numerous  cases  of  this  kind  with  special  stations, 
to  which  he  calls  the  attention  of  all  those  who  can  obtain  a 
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right  to  establish  them,  from  the  gas  producers.  The  gas 
motor  lias  introduced  a  new  element  into  the  struggle  between 
gas  and  electricity,  and  it  furnishes  a  defensive  arm  to  gas  com- 
panies and  to  their  competitors  ;  but  it  also  puts  into  the  hands 
of  light  consumers  means  of  resisting  the  exactions  of  certain 
electric  companies. 

Coal  Washing. — At  a  recent  meeting  of  the  Leeds  Associa- 
tion of  Engineers  a  visit  was  made  to  the  Middleton  colliery, 
where  a  coal-washing  plant  is  in  operation.  This  plant  is  the 
invention  of  a  Westphalian,  and  by  means  of  it  seams  that  con- 
tain from  30  to  35  per  cent  of  dirt  can  be  worked  so  as  to  pro- 
duce coal  of  a  marketable  quality,  while  under  normal  condi- 
tions it  would  be  impossible  to  work  them  to  a  profit.  The 
;>>  be  washed  is  lifted  to  a  height  of  85  ft.  by  an  elevator 
at  the  rate  of  75  tons  per  hour,  and  lipped  into  a  revolving 
multiple  drum  screen,  by  which  it  is  separated  into  five  differ- 
ent sizes — viz  ,  trebles,  doubles,  singles,  peas  and  coking  dust. 
the  latter  running  through  a  TVin.  mesh.  The  fourlarger 
ire  carried  down  separate  channels  by  means  of  water 
currents  into  the  jigging  or  washing  machines,  in  which  the 
water  is  agitated  by  compressed  air  at  li  lbs.  pressure  per 
square  inch,  introduced  and  exhausted  by  means  of  piston 
valves,  actuated  by  eccentrics.  The  unwashed  coal  rests  upon 
wire  gauze  sieves,  and  the  agitation  sorts  it  into  upper  layers 
of  coal,  and  lower  ones  of  clay  slate  or  dirt.  The  waste  mate- 
rial forming  the  lower  layers  passes  under  slides  to  the  bottom 
of  the  jiggers,  and  is  drawn  off  to  an  elevator  by  spiral  convey- 
ers, the  elevator  delivering  it  to  a  hopper,  whence  it  is  carried 
away  in  trucks.  The  coal  which  forms  the  upper  layers  is 
floated  by  the  water  over  the  slides  into  iron  culverts,  and  car- 
ried  to    masonry  hoppers  containing  water,  which  prevents 
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breakage  of  the  coal  as  it  falls  to  the  bottom.  When  full  of 
coal  the  water  is  drawn  off.  and  the  coal,  after  standing  a 
very  short  time  for  draining,  is  dropped  through  sliding  doors 
direct  into  the  railway  trucks.  The  water  bringing  the  coal 
to  the  hoppers,  which  is  continually  overflowing  and  being 
drained  off,  is  conveyed  to  large  settling  tanks,  where  the  fine 
coal  in  suspension  is  allowed  to  BCttle,  and  finally  sent  to  the 
coking  ovens  along  with  the  small  coal  under  T3E  in.  in  size 
from  the  multiple  screen  drum,  after  the  latter  has  been  passed 
through  a  Carr's  disintegrator. 

Use  of  Petroleum  on  Locomotives. —It  is  well  known  that 
the  Great  Eastern  Railway  of  England  has  been  using  petro- 
leum for  a  number  of  years  on  its  locomotives,  the  engine 
which  has  been  most  widely  illustrated  and  known  in  connec- 
tion with  this  matter  being  the  locomotive  Petrolia.  Recent 
reports  show  that  it  has  been  for  some  time  hauling  a  train  of 
16  coaches  on  a  consumption  of  12  lbs.  of  liquid  fuel  and  10  lbs. 
of  coal  per  mile.  The  regular  cost  of  oils  used  is  $5.04  per  ton, 
while  the  coal  costs  $3.48.  With  these  figures  as  a  basis  it  is 
found  that  it  has  cost  4.25  cents  for  each  mile  run  when  coal 
and  oil  were  used,  against  5. 4*  cents  when  coal  was  the  only  fuel, 
thus  effecting  a  fuel  saving  of  about  29  per  cent,  or  1.33  cents 
per  mile.  There  is  also  an  additional  saving  in  handling.  It 
seems  strange  to  advocates  of  oil  fuel  that  the  use  of  petroleum 
has  not  made  more  rapid  advances  on  locomotive  work  in 
this  country  ;  but  recent  tests  on  the  Chicago,  Burlington  & 
Quincy  Road  show  that  when  oil  is  at  1.7  cents  a  gallon,  and 
coal  at  $ 2  a  ton,  the  cost  is  about  the  same.  If  oil  drops  or 
coal  rises  in  the  relative  scale  of  prices,  then  oil  becomes  the 
cbeaper.  Making  a  comparison  between  our  American  figures 
and  those  given  for  the  English  engine,  we  find  that,  taking 
the  ordinary  fuel  oil  as  supplied  to  the  locomotives,  there 
would  lie  about  500  galls,  to  the  ton.  making  it  cost  $8.50.  It 
will,  therefore,  be  seen  that  the  English  oil,  lieing  nearly 


$3.50  per  ton  cheaper  than  the  American  oil,  while  the 
coal  is  $1.50  more  expensive,  the  saving  of  oil  on  the  English 
engine  is  very  much  more  marked  than  it  would  be  in  America. 
If  we  transfer  these  figures  to  the  Southern  California  Road, 
for  example,  which  intends  taking  up  the  matter  of  fuel  oil, 
where  the  oil  costs  about  1^  cents  a  gallon  and  coal  is  from  $6 
to  $8  per  ton,  the  saving  will  be  correspondingly  great.  In 
round  numbers  and  for  rough  estimates,  it  may  be  stated  that 
when  coal  costs  120  times  as  much  per  ton  as  the  oil  costs  per 
gallon,  the  expense  is  about  the  same.  If  this  ratio  is  increased 
oil  will  be  the  cheaper.  If  it  is  decreased,  coal  will  be  the 
cheaper. 

The  Use  of  Compressed  Air  on  the  West  Shore  Rail- 
road.— It  has  taken  some  time  to  find  it  out,  but  now  that  the 
adaptability  of  compressed  air  to  all  sorts  of  shop  uses  has 
been  demonstrated,  the  railroads  are  rapidly  falling  into  line. 
At  the  West  Shore  Railroad  shops,  in  Xew  Durham,  N.  J., 
there  is  a  compressing  plant  which  supplies  air  for  emptying 
the  oil  from  the  barrels  into  the  tanks  ;  and  we  illustrate  the 
barrel  connection  with  which  the  work  is  done.  This  is  a 
somewhat  simpler  arrangement  than  that  illustrated  in  our 
July  issue  in  connection  with  the  report  of  the  Master  Car 
Builders'  Association  on  Compressed  Air  Appliances  and  Hy- 
draulic Machinery.  It  consists  of  a  piece  of  extra  heavy  gas 
pipe  long  enough  to  reach  through  the  bung-hole  and  rest 
upon  the  bottom  of  the  barrel.  It  is  threaded  for  some  dis- 
tance down  from  one  end,  and  this  thread  carries  an  air  con- 
nection with  a  taper  thread  upon  the  outside  of  the  same 
pitch.  This  piece  C  has  a  boss,  B,  to  which  the  air  hose  is 
attached,  a  small  hole  shown  by  dotted  lines  leading  down  to 
the  barrel  from  B  when  G  is  screwed  into  the  bung-hole.     The 

hose  leading  to  the  tanks 
is  screwed  on  the  end  of 
the  pipe  at  A.  Thus, 
when  air  is  admitted  at 
Bit  forces  the  oil  through 
the  slot  D  in  the  bottom 
of  the  pipe  and  out  at  A. 
At  Weehawken  there 
is  another  compression 
plant  consisting  of  two 
Westinghouse  air  pumps 
with  pipes  leading  down 
between  the  storage 
tracks  at  the  depot.  This 
air  is  used  for  car-clean- 
ing purposes,  and  serves 
with  three  men  to  clean 
about  eight  cars  a  da3'. 
The  nozzle  used  differs 
somewhat  from  those  il- 
lustrated by  the  M.  C.  B. 
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committee,  in  that  the  man  in  charge  finds  that  an  opening 
in  the  box  directly  downward  gives  better  results  than  when 
it  has  a  forward  draft.  The  hood  over  the  nozzle  has  also  a 
slightly  greater  curvature.  It  is  also  found  that  a  straight 
slot  across  the  nozzle  gives  better  results  than  one  where  the 
current  of  air  is  interrupted  by  rivets  or  other  bracing  for  the 
fiat  sides  of  the  nozzle. 

The  Worst  Railway  in  England  has  recently  formed  the 
subject  of  correspondence  in  our  daily  papers.  We  thought 
it  was  a  generally  admitted  fact,  quite  beyond  dispute,  that 
the  Southeastern  it  London,  Chatham  &  Dover  railways  easily 
took  the  prizes  for  dirt,  had  stations,  rolling  stock,  unpunctu- 
ality  and  disgraceful  accommodation  generally.  However, 
some  give  the  Southeastern  Railway  the  first  place,  while 
others  consider  "honors  equally  divided.'"  The  following 
are  some  pithy  views  on  one  or  both  of  these  shameful  sys- 
ex  pressed  by  correspondents  : 

"  The  Southeastern  Railway  is  the  very  worst  railway  in  the 
world.  Its  engines  are  asthmatic  ;  its  lamps  are  trimmed  by 
foolish  virgins  ;  its  fares  are  excessive  ;  its  carriages  let  in 
snow  in  winter  and  are  furnaces  in  summer.  Its  motto  is  un- 
punctuality  ;  its  principal  station  is  approached  through  the 
neck  of  a  bottle.  It  ruins  the  temper,  destroys  the  digestion 
and  enables  one  to  realize  the  horrors  of  Dante's  Inferno." 

"  What  wonder,  then,  that  all  women  in  Kent  are  gray- 
haired,  and  all  the  men  bald  and  given  to  the  use  of  strong 
language?" 

"  Of  course  the  Southeastern  Railway  ;  but  its  faults  are 
mostly  those  of  sheer  '  cusscdness.'  Some  time  ago  a  main 
line  train  was  40  minutes  late  at  Paddock  Wood  (I  think),  and 
in  answer  to  more  delay  and  playing  at  engines — the  South- 
eastern Railway's  favorite  game — I  was  told  by  the  inspector 
that  two  fish  wagons  bad  got  into  the  middle  of  the  train  by 
mistake.     The  ticket  snippers  and  collectors,  upon  whom  the 


Vol.  LXVIII,  No.  8.] 


AND    RAILROAD    JOURNAL. 


351 


management  wastes  thousands  a  year,  have  at  Cannon  Street 
such  wretched  lights  Ihat  they  cannot  possibly  spot  the  right 
half  of  a  ticket,  and  the  nest  day  there  are  ructions  !  At  Can- 
terbury I  once  asked  a  porter  what  time  a  certain  train  was 
due  ;  his  answer  was,  '  So  and  so  ;  but  if  you  are  here  about 
40  minutes  late  you  will  be  in  plenty  of  time  ! '  Could  not  the 
London  &  Northwestern  Railway  spare  a  signal  boy  to  put  a 
lot  of  such  simple  matters  straight  ?  Or  would  the  system  of 
the  Havant  Line  to  Hayling  work  better,  where  a  passenger 
puts  up  the  stopping  signal  and  buys  his  ticket  on  board  ? 
As  to  lights,  foot  warmers,  rickety  engines,  etc.  Bah  !  Yours 
miserably,  etc." — Invention. 

Swiss  Railways.— In  Switzerland  the  use  of  metallic  ties 
has  advanced  more  rapidly  perhaps  in  proportion  to  the  num- 
ber of  ties  used  than  in  any  other  country,  if  we  trust  to  the 
figures  which  are  given  by  the  Schweizenische  Bauzeitung. 
The  following  is  the  proportion  for  five  main  lines — the  Cen- 
tral, Gothard,  North  Eastern,  JuraSimplon  and  the  Union. 
The  proportions  of  metallic  ties  and  of  wood  are  given,  as  well 
as  those  of  steel  and  iron  rails. 


Cen- 
tral. 

Goth- 
ard. 

North- 
Eastern 

Jura- 
Sim- 
plon. 

Union. 

Total. 

Metallic  ties 

60.1 

37.9 
65.9 
34.1 

57.7 

43.3 

95.1 

4.9 

39.8 
60.2 
73.9 
36.1 

33.1 
66.9 
72.4 
27.6 

17.9 
82.1 
75.7 
24.3 

41 
,    59 

74.8 

25.2 

On  secondary  lines  fewer  metallic  ties  are  found.  Never- 
theless, some  of  them  use  them,  and  certain  lines  are  equipped 
exclusively  with  them.  Among  others  are  several  rack  lines 
such  as  the  narrow  gauge  lines  of  Appenzell,  the  one  fromNeu- 
f chatel  to  Boudry,  and  the  electric  road  from  Sissach  to  Gelter- 
kinden,  etc. 

During  the  past  few  years  the  increase  in  speed  and  the 
weight  of  the  engines  has"  led  to  the  use  of  heavier  rails,  so  that 
the  St.  Gothard,  laying  rails  of  101.0,  99.8  and  95.5  lbs.  per  yard, 
running  over  distances  of  27,  26  and  10$  miles,  where  the 
Jura  Simplon  Railway  has  91.1  lbs.  per  yard  rails  for  a  distance 
of  51$  miles. 

At  the  end  of  1893  there  were  2,222  miles  of  railway  of  all 
kinds  in  Switzerland,  of  which  1,640  miles  were  main  lines 
operated  by  the  Swiss  companies,  39J  miles  were  main  lines 
operated  by  foreign  companies,  such  as  the  Baden,  Alsace,  Lor- 
raine, Paris,  Lyons  &  Mediterranean,  and  the  Mediterranean 
of  Italy,  and  the  Eastern  State  Railway  ;  186  miles  of  second- 
ary lines  of  standard  gauge  ;  184  miles  of  narrow-gauge  lines  ; 
93  miles  of  mixed  railways  using  both  adhesion  and  the  rack  ; 
4  miles  electric  lines  ;  49  entirely  rack  lines  ;  26  miles  tram 
ways,  and  9  miles  of  cable  lines. 

Coal  in  Mexico. — In  discussing  the  matter  of  compound 
locomotives  it  is  frequently  stated  that  there  is  no  doubt  what- 
ever that  they  would  show  a  remarkable  saving  and  be  very 
advantageous  to  use  in  cases  where  coal  is  expensive,  as  in 
.Mexico,  where  the  road  runs  from  $16  to  §18  a  ton.  In  view 
of  this  fact,  it  has  seemed  strange  to  some  of  our  readers  that 
our  monthly  locomotive  reports  of  coal  consumption  give  the 
cost  of  coal  on  the  Mexico  Central  Railway  in  the  neighbor- 
hood of  S4.25.  In  order  to  explain  this  discrepancy,  we  ad- 
dressed a  communication  to  Mr.  Johnstone,  the  Superintendent 
of  Motive  Power,  asking  for  an  explanation,  and  adding  that 
the  only  way  which  suggested  itself  to  us  was  that  the  coal 
was  bought  "in  the  United  States,  imported  into  Mexico  free  of 
duty,  and  that  the  railroad  charged  themselves  nothing  for 
transportation.  In  reply  to  our  inquiry,  we  have  received  the 
following  communication  from  Mr.  Johnstone  : 

"  The  discrepancy  in  the  value  of  coal  between  our  monthly 
statement  and  the  actual  cost  of  coal  in  Mexico  is  accounted 
for  just  as  you  have  supposed.  We  buy  this  coal  under  con- 
tract in  large  quantities  in  the  United  States  ;  it  is  delivered 
either  at  El  Paso  or  at  Tampico  for  about  $4.50  per  ton  Ameri- 
can money  ;  but  this  same  coal,  when  it  is  hauled  to  points 
near  Mexico  City  and  consumed  by  the  compound  engines  on 
the  mountainous  section  of  this  road,  actually  costs  the  com- 
pany from  $16  to  S18  Mexican  currency.  As  you  say,  the 
company  makes  no  charge  for  the  haul,  and,  while  our  official 
performance  sheets  are  made  out  in  Mexican  currency,  they 
are  reduced  back  to  American  money  for  the  small  exchange 
sheets,  a  copy  of  which  I  send  you.  It  is  rather  unsatisfactory 
to  make  out  these  exchange  sheets  in  American  money,  as  the 
rate  of  exchange  varies  from  day  to  day  ;  and,  while  we  pay 
our  men  in  Mexican  money  the  same  rate  per  kilometer  run 


month  after  month,  in  reducing  to  American  money  the  rate 
changes,  due  to  the  difference  in  exchange.  I  am  thinking 
seriously  of  suggesting  to  the  management  that  we  make  out 
these  exchange  sheets  in  Mexican  currency  and  in  kilometers." 

The  Agricultural  Machinery  in  Southern  Russia.— Recent 
British  Foreign  Office  reports  contain  some  interesting  and 
valuable  information  on  this  subject,  which  bears  upon  the 
American  and  English  exports  to  Southern  Russia.     Last  year 
at  Taganrog  the  trade  in  agricultural  machinery,  owing  to  the 
abundant  harvest,  was  extremely  satisfactory.     In  some  cases 
the  demand  exceeded  the  supply,  and  mosl  of  the  stores  sold 
their  stocks  before  the  end  of  the  season.     As  usual,  the  en- 
gines and  steam  threshers  were  English,  the  increase  of  the 
sales  being  large.     Binders  and  reapers  came  from  America, 
as  did  half"  the  drills.     The  other  half  were  of  Russian  make. 
A  large  number  of  Russian  mowers  were  used  for  cutting  hay, 
being  well  suited  for  the  purpose,  with  the  result  of  diminish- 
ing the  American  import.     The  trade  in  plows  was  the  same 
as'in  the  previous  year,  the  larger  amount  sold  being  of  Rus- 
sian manufacture.     The  district  of  Berdiansk  is  studded  with 
small  engineering  works  engaged  chiefly  in  the  manufacture 
if  agricultural  machines  and  implements,  most  of  them  hav- 
ing their  own  foundries.     These  have  all  sprung  up  within  the 
last  eight  or  ten  years,  and  this  branch  of  industry  is  advanc- 
ing with  rapid  strides.     At  the  town  of  Berdiansk  there  is  the 
largest  reaper  manufactory  in  Europe,  capable  of  turning  out 
3,000  machines  annually.     The  bulk  of  the  pig  used  is  Rus- 
sian, as  also  a  great  part  of  the  bar  iron.     Most  of  the  steel  and 
other  materials  are  imported  from  England,  America  and  Ger- 
many.    One  well-known  American  house  has  entered  into  con- 
tracts to  supply  a  considerable  amount  of  knives  and  other 
parts  of  reapers  for  the  1894  season.    The  reapers  made  here 
are  of  a  type  specially  adapted  to  the  country,  and  not  found 
elsewhere.     Their  prices,  *75  to  $85,  bring  them  within  the 
reach  of  the  small  agriculturist  ;  the  simplicity  of  their  con- 
struction adapts  them  to  the  wants  of  farmers,  and  at  the 
same  time  brings  them,  within  the  power  of  the  light  Russian 
horses.     They  are  durable,  and  get  through  more  work  than 
the  heavier  and  more  complicated  English  and  American  ma- 
chines.    That  they  are  better  suited  to  the  wants  of  the  coun- 
try is  evident  by  the  yearly  output,  which  within  a  short  time 
has  increased  from  a  "few  hundreds  to  20,000,  while  the  import 
of  American  and  English  reapers  decreases.     The  manufac- 
turers are   continually  adding   to  their   plant  ;  but  the  best 
makers  have  never  yet  been  able  to  meet  the  continually  in- 
creasing demand.     They  started  originally  to  supply  the  wants 
of  the  local  agriculturists,  but  as  their  machines  became  more 
known,  orders  came  from  all  parts  of  Asiatic  and  European 
Russia.     They  are  exported  to  Bulgaria  and  Roumania.  and 
sent  nearly  all  round  the  world  to  the  Pacific  coast  of  Siberia. 
Nearly  all  the  machine  factories  in  the  district  of  Berdiansk 
are  enclosed  in  a  circle  of  70  miles  radius  from  that  town.     In 
addition  to  the  foregoing  factories  and  works,  nearly  every 
village  in  this  district  has  its  small  makers  of  farmers'  wagons 
and  plows.     Although  the  work  is  turned  out  in  a  primitive 
fashion  in  small  workshops,  with  the  simplest  of  blacksmiths', 
joiners'  and  wheelwrights'  tools,  it  is  of  very  good  quality. 

Tests  of  Machine  Guns.— The  tests  of  the  machine  guns  at 
the  Washington  Navy  Yard  recently  were  marred  to  a  great 
extent  by  defective  ammunition.  Because  of  the  failure  of 
the  cartridges  to  explode  properly,  the  Driggs  Ordnance 
Company  was  compelled  to  withdraw  its  Accles  gun  from 
the  competition  until  it  could  obtain  better  ammunition.  The 
smokeless  powder  used  in  the'eartridges  for  the  Accles  gun 
is  of  the  nitroglycerine  character  and  the  primers  used 
were  not  sufficiently  powerful  to  explode  it.  The  Maxim- 
Nordenfeldt  cartridge,  especially  prepared  for  the  Maxim- 
Nordenfeldt  gun,  seemingly  failed  to  work  properly,  a  portion 
of  its  head  and  base  being  pulled  off  after  it  had  been  fired, 
leaving  the  remainder  of  the  base  in  to  be  telescoped  by  the 
next  cartridge  inserted  into  the  barrel.  In  consequence,  the 
results  that  should  have  been  obtained  from  this  gun  were  not 
gotten.  The  board  which  is  conducting  the  tests  consists  of 
Commander  Charles  Sperrv,  Chairman  ;  Professor  Philip  R. 
Al"er  and  Ensign  Albert  C.  Dieffenbach.  The  competition 
was  inaugurated  with  the  test  of  the  Maxim  gun,  which,  after 
it  had  undergone  an  examination,  was  fired  100  rounds  to  de- 
termine its  general  action,  this  being  followed  by  another  100 
rounds  fired  for  rapidity,  the  time  being  10  seconds.  The  gun 
was  then  clamped,  and,  starling  with  the  gun  empty,  another 
100-round  trial  was  fired,  time  being  16  seconds  ;  200  rounds 
were  next  fired  in  25,'u  seconds  ;  300  rounds  in  40  seconds,  and 
a  full  charger  of  20  rounds  in  6  seconds. 

An  army  target  was  then  placed  inside  the  butt  at  a  distance 
of  25  yards  and  40  rounds  tired.  In  this  last  trial  a  stoppage 
wa3  noted,  but  the  rounds  completed  to  find  the  dispersion. 
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It  was  caused  by  the  pulling  off  of  the  head  of  a  case  and  leav- 
ing the  front  part  of  the  case  in  the  chamber.  This  caused 
the  next  cartridge  to  telescope  the  part  left  in  the  chamber? 
but  the  mechanism  was  cleaned  by  removing  the  lock.  The 
time  consumed  in  firing  30  rounds  was  0,-,,  seconds.  The  gun 
was  undamped  and  the  test  repeated,  the  40  rounds  h 
fired  in  15,-,,  seconds  Another  part  of  the  programme  was 
clamping  the  gun  and  tiring  for  •§  minute,  the  number  of 
rounds  tired  in  that  time  being  127.  The  ltuh  was  unfastened, 
and  222  rounds  tired  In  tiring  100  rounds  deliberately,  every 
fifth  cartridge  being  a  dummy,  to  test  the  effect  of  a  miss  tire 
upon  the  action,  the  gun  worked  all  right,  hut  instead  of  the 
machine  liriiiL'  the  dummy  it  required  to  lie  tired  by  hand. 
Supposing  that  in  service  alock  might  be  disabled  or  extractor 
or  tiring  pin  broken,  those  parts  were  taken  out,  though  in 
good  condition,  and  replaced  by  others  to  test  time  required  to 
do  so.  It  took  15^,  seconds  to'do  this.  The  Maxim  gun  was 
then  laid  aside  to  be  further  tested  at  Indian  Head,  and  the 
board  proceeded  to  examine  the  mechanism  of  the  Gatling 
gun.  This  gun  was  put  upon  the  stand  on  Monday.  While 
firing  the  third  plate  it  became  jammed,  but  was  quickly  reme- 
died. In  firing  100  rounds  more  rapidly,  the  81st  shot  jammed 
as  before.  The  gun  was  clamped  and  100  rounds  fired  in 
seconds.     Another  jam  occurred  while  firing  200  rounds. 


The  following  programme  was  then  carried  out  up  to  noon  : 
Firing  into  butt  for  rapidity,  with  the  gun  clamped  and  gun 
empty  to  begin  with.  This  firing  was  done  in  charges  of  100 
rounds,  200  rounds,  300  rounds  and  a  full  charge  of  25  rounds. 
In  spite  of  the  several  delays  occasioned  by  the  bad  ammuni- 
tion, the  best  record  so  tar  "was  made  when  shooting  at  the  tar- 
gets. An  army  target,  6  ft.  X  6  ft.,  at  a  distance  of  25  yards, 
was  tired  at  in  charges  of  -1(1  rounds,  80  rounds  and  100  rounds. 
The  crew  was  firing  at  the  target  as  al>ove.  with  the  gun  un- 
fastened, when  the  board  took  recess  for  dinner.  An  exami- 
nation ol  someof  the  cartridges  showed  that  the  heads  had 
pulled  off,  and  in  several  instances  holes  t\.  in.  wide  and  1  in. 
long  had  been  torn  in  the  side  of  the  shells.  —Army  and  Navy 

♦ 

A  NEW  999. 


Pros  uii.y  there  was  nothing  at  the  Chicago  Exhibition  last 
summer  which  so  thrilled  the  hearts  of  the  masculine  portions 
of  the  rising,  and  some  of  the  risen,  generations  as  the  cele- 
brated locomotive  999  did.  That  it  left  a  permanent  impres- 
sion on  the  mind  of  at  least  one  boy  is  shown  by  our  illustra- 
tion of  his  attempt  to  imitate  this  celebrated  locomotive. 
Probably  there  are  few  of  our  grown-up  readers  wdio  will  not 


A   NEW  999.     BY  IIENRY  BUSS,  JR.,  MOUNT  VERNON,  N.  Y. 


which  was  accomplished  in  2-V.i  seconds.  While  firing  300 
rounds  a  cartridge  dropped  off  each  plate,  and  two  jams  oc- 
curred. The  time  was  1  minute  12,«r!  seconds.  Another  jam 
took  place  in  tiriiiL'  a  charge  of  20  rounds.  The  crank  was 
shipped  to  the  rear,  and  the  40  rounds  fired  with  another  jam. 
resulting  in  a  tlattencd  cartridge.  Another  jam  occurred  on 
firing  80  rounds,  and  four  more  in  firing  100  rounds.  The 
crank  was  removed  to  the  side,  ami  the  gun  undamped,  and 
with  an  addition  of  another  man  to  the  crew,  40  rounds  were 
tired  all  right  in  5A  seconds.  Eighty  rounds  were  tired  in 
seconds,  and  100  rounds  in  15  seconds,  including  a  stop- 
page of  the  feed  for  LA  seconds.  The  crank  was  again 
changed,  and  40  rounds  tired  in  7,',T  seconds  ;  80  rounds  in 
-econds.  Another  jam  occurred  while  firing  100  rounds. 
The  time  consumed  was  over  20  seconds. 

The  Accles  gun,  controlled  by  tin  Driggs  Ordnance  Com- 
panv.  was  broughl  from  the  pattern  shop  and  100  rounds  were 
tired  to  test  the  action  of  its  mechanism.  The  gun  was  manipu- 
lated by  a  crew  from  the  yard.  The  shots  went  well  for 
awhile,  but  it  was  soon  noticed  that  defective  ammunition  was 
causing  several  stoppages.  When  loo  rounds  were  being  tired 
to  test  the  rapidity  a  couple  of  cartridge  heads  pulled  off. 


sympathize  with  him  and  his  evident  earnestness  and  assump- 
tion that  he  is  engaged  in  serious  business.  He  has  apparently 
robbed  the  baby  "carriage  of  its  wheels,  the  kitchen  range  of 
its  boiler,  the  drain  of  a  sewer  pipe,  and  appropriated  a  soap 
box  for  the  seat  in  the  cab,  and  of  these  he  has  created  another 
.i'.ii  It  is  true  that  the  original  machine  will  go  and  the  new 
one  won't  ;  but  what  of  that  ':  Our  young  mechanical  genius 
lias  the  capacity  which  such  old  coveys  as  you  and  I,  dear 
reader,  have  lost  long  ago— he  "can  make  believe  a  great 
dial,''  His  imaginary  run  with  his  locomotive  is  a  much  more 
real  thing  to  him  than  any  actual  journey  could  he  to  us  old 
and  jaded  reprobates,  on  whom  the  sun  shines  each  year  with 
diminished  splendor,  and  to  whom  the  past  always  has  a  Savor 
of  dust  and  ashes,  and  who  are  unable  to  contemplate  the  fu- 
ture without  apprehension.  The  run  which  our  young  hero  in 
imagination  has  before  him  has  no  curves  nor  grades  ;  he  ex- 
pects Ins  engine  will  always  have  steam  enough,  and  docs  not 
anticipate  any  collisions  or  derailments.  May  his  illusion  last 
as  long  as  possible. 

In  our  reflective  mood  we  forgot  to  say  that  the  young  me- 
chanical engineer  who  was  the  author  of  the  new  999  is  Henry 
Huss,  Jr.,  of  Mount  Vernon,  N.  Y. 
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TRIPLE-EXPANSION  ENGINES  OF  THE  UNITED 
STATES  BATTLESHIP  "TEXAS." 


In  our  Issue  for  May  we  published  a  description  of  the  boil- 
ers and  feed  pumps  of  the  United  States  battle-ship  Texas,  and 
now  present  a  set  of  engravings  illustrating  the  propelling  en- 
gines which  are  used.  These  engines  are  rights  and  lefts,  and 
are  placed  in  water-tight  compartments  separated  by  a  fore- 
and-aft  bulkhead,  this  being  the  only  fore-and-aft  bulkhead  in 
the  vessel,  as  we  have  already  explained  in  our  issue  for  March. 
The  water-tight  compartments  here  run  longitudinally  through 
the  length  of  the  boiler  and  engine  space,  or  a  distance  equiva- 
lent to  the  length  of  the  armor  plate.  Aft  and  forward  of 
these  points  the  vessel  is  divided  by  transverse  bulkheads 
only. 


on  trial  that  the  weight  of  the  low-pressure  valve  was  so  great 
that  the  eccentrics  heated,  and  the  valve  was  so  difficult  to 
move  that  a  balancing  cylinder  with  piston,  as  shown  in  the 
engraving,  was  placed  over  the  steam  chest  to  carry  the  weight 
of  the  valve  and  the  reciprocating  parts.  This  is  a  simple  cyl- 
inder 15  in.  in  diameter,  with  a  piston  moving  therein,  the 
upper  portion  of  the  cylinder  being  open  to  the  condenser,  and 
the  lower  in  direct  connection  with  the  steam  of  the  steam- 
chest.  The  Stephenson  link  motion,  with  double  bar  links,  is 
used  for  driving  all  of  the  valves.  Only  one  valve  is  used  for 
each  cylinder. 

The  framing  of  the  engine  consists  of  cast-steel  inverted  Y 
frames, trussed  by  forged  steel  stays,  the  appearance  and  shape 
being  shown  by  a  ieproduction  of  the  photograph  and  the  de- 
tailed drawings  of  the  engines.     The  engine  bed  plates  are  of 
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The  engines  are  of  the  vertical  inverted  cylinder,  direct-act- 
ing, triple-expansion  tvpe.  The  high-pressure  cylinders  are 
36  in.  in  diameter,  the  intermediate,  51  in.,  and  the  low-press- 
ure, 78  in.,  all  having  a  common  stroke  of  39  in.  The  collec- 
tive indicated  II. P.  of  the  propelling,  air  pump  and  circulating 
engines  is  placed  at  about  8,600,  when  the  main  engines  are 
making  123  revolutions  per  minute. 

A  reference  to  our  engraving,  giving  a  longitudinal  section 
through  the  engines,  shows  that  all  the  cylinders  are  steam 
jacketed.  They  are  so  placed  that  the  high-pressure  cylinder 
of  each  engine  is  forward  and  the  low-pressure  cylinder  is  aft. 
Piston  valves  are  used  for  the  main  valves  of  the  high-pressure 
and  the  intermediate  cylinders,  while  a  double-ported  balanced 
slide  valve  is  used  for  the  low-pressure  cjiinder,  details  of 
these  valves  being  given  in  separate  engravings.    It  was  found 


cast  steel  supported  on  steel  keelson  plates  built  in  the  vessel. 
The  crank  shafts  are  hollow,  and  are  made  in  interchange- 
able sections,  open-hearth  steel  being  used  for  all  of  the  re- 
ciprocating and  working  parts,  such  as  shafts,  piston-rods  and 
connecting-rods. 

The  cylinders  are  made  from  a  high  quality  of  cast  iron,  and 
have  a  working  lining  of  cast  steel  which  is  shown  on  the 
engraving.  The  valve  chests  with  the  steam  ports  and  pas- 
sages, the  bottom  heads,  and  various  brackets  to  which  the 
cylinder  supports  and  gears  are  attached,  are  cast  solid  with 
the  cylinders  themselves,  great  care  being  taken  that  the  ex- 
haust ports  were  smoothly  cored  and  the  walls  of  the  passages 
strongly  stayed  with  ribs.  The  cylinders  sue  secured  together 
by  two  steel  braces  2J  in.  in  diameter  secured  to  tlanges  cast 
in  the  proper  position.     The  cylinder  heads  of  the  high-press- 
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ure  cylinders  are  cast  with  double  walls  and  the  shells  are  1± 
in.  thick.  They  are  placed  and  bored  for  the  reception  of  the 
cylinder  linings,  the  valve-chest  casings  being  also  bored  to 
a  diameter  of  15  in.  for  the  reception  of  the  piston  valves. 

The  bottom  indicator  pipe  is  fitted  with  a  brass  bushing 
which  extends  through  the  cylinder  lining  and  casing.  The 
intermediate  and  low-pressure  cylinders  are  constructed  in 
practically  the  same  way,  the  thickness  of  the  shell  being  the 
same  for  all  three  cylinders.  The  principal  difference  in  them 
being  that,  in  the  bottom  head  of  the  low-pressure  cylinder 
there  is  a  man-hole  15  in.  in  diameter,  which  is  fitted  with  a 
cast-iron  cover  which  is  also  cast  double  and  well  strengthened 
with  ribs. 

The  cylinder  linings,  to  which  reference  has  already  been 
made,  are  made  of  cast  steel  carefully  turned  to  fit  the  cylinder 
casings  and  guide  ribs.  They  have  inward  flanges  at  the  bot- 
tom and  are  secured  by  countersunk,  slotted,  cheese  headed, 
Muntz-metal  screws  tapped  into  the  cylinder  Shells.  The  joint 
at  the  upper  end  of  each  lever  is  made  tight  with  a  collar  for 
expansion  pipe,  and  a  ring  of  round  copper  |  in.  in  diameter 
forced  into  the  packing  space.  This  copper  ring  is  held  in 
position  by  a  wrought-irou  ring  J  in.  wide  and  i  in.  Ihick, 
secured  to  the  cylinder  liner  by  i  in.  wrought-iron  square- 
headed  tap  bolts.  These  liners  are  bored  to  the  cylinder  diame- 
ters— namely,  30  in.,  51  in.  and  78  in. — after  being  placed  in 
position,  and  have  a  uniform  thickness  of  1$  in.  for  all  the 
cylinders.  Care  was  taken  to  bore  these  while  the  cylinders 
were  in  a  vertical  position,  so  as  to  prevent  all  springing  due  to 
the  weight  of  the  metal,  so  the  boring  was  done  in  the  working 
position  of  the  cylinders.     The  linings  are  so  counterborcd  at 
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the  bottom  that  the  working  bores  have  a  length  of  44 §  in. 
The  cylinder  heads  are  of  the  same  quality  of  cast  iron  as  the 
cylinders  themselves,  and  are  cast  with  double  walls  except  at 
those  points  where  they  form  a  portion  of  the  steam  passages. 
The  walls  of  these  heads  are  well  stiffened  by  ribs  of  the  same 
thickness  as  the  walls  themselves,  which  is  1  in.,  and  each  head 
is  provided  with  a  16-in.  man-hole. 
The  steam  jacket  drains  are  fitted  with  an  internal  pipe  lead- 


ing to  the  lowest  part  of  the  heads,  and  each  head  is  secured 
to  its  cylinder  by  forty  If  in.  steel  studs.  The  man-hole  covers 
for  the  cylinder  heads  are  of  cast  steel,  made  of  a  dish  form,  so 
as  to  clear  tire  piston-rod  nuts,  and  are  secured  by  -|-in.  steel 
studs.  The  cylinders  are  steam  jacketed  on  the  top,  sides  and 
bottoms,  the  space  left  about  the  working  linings  for  the  steam 
jackets  being  not  less  than  1  in.  in  depth  at  any  point.  The 
steam  for  the  jackets  is  taken  from  the  main  steam  pipe  in 
each  engine  room  on  the  boiler  side  of  the  engine  stop  valve 
by  a  2-iu.  pipe.  From  this  pipe  a  1-in  branch  leads  to  the 
high-pressure  cylinder-head  jacket,  which  drains  through  a 
1-in.  pipe  leading  from  the  lowest  part  of  the  head,  and  con- 
nects with  the  upper  part  of  the  barrel  jacket.  A  l|-in.  branch 
with  a  li-in.  adjustable  spring  reducing  valve,  adapted  to 
pressure  of  from  20  lbs.  to  100  lbs.,  leads  to  the  intermediate 
pressure  cylinder-head  jacket,  and  another  with  a  similar  re- 
ducing valve,  ranging  from  0  lbs.  to  50  lbs.,  leads  to  the  low- 
pressure  cylinder-head  jacket.  Each  branch  pipe  is  further 
provided  with  a  stop  valve  close  to  the  jacket  itself.  Safety 
valves  It  in.  in  diameter  are  placed  on  the  intermediate  and 
low-pressure  jackets,  and  are  of  the  same  design  as  the  receiver 
safety  valves.  These  receiver  safety  valves,  which  are  placed 
on  the  intermediate  and  low-pressure  receivers,  are  3  in.  in 
diameter,  and  are  loaded  from  80  lbs.  to  25  lbs.  respectively 
for  the  intermediate  and  low-pressure  receivers. 

The  valve  chests  of  each  high  and  intermediate  cylinder  is 
fitted  with  a  piston  valve  similar  in  design  to  the  intermediate 
valve,  a  detail  of  which  is  shown.  There  are  openings  at  the 
top  of  the  high  and  intermediate  chests  for  inserting  and  re- 
moving the  valves,  and  the  chests  are  accurately  bored  to  the 
same  diameter  as  these.  The  low-pressure  valve  chest,  which 
contains  a  double-ported  slide  valve,  has  an  opening  on  the  side 
for  the  purpose  of  removing  this  valve.  The  intermediate  and 
low-pressure  valve  chests  also  have,  in  addition  to  the  safety 
valve  on  the  receivers,  3  in.  adjustable  spring  safety  valves, 
which  are  loaded  to  80  lbs.  and  25  lbs.  respectively. 

The  design  of  the  high-pressure  and  intermediate  valves  is 
shown  by  the  engraving  of  the  intermediate  valve.  They  are 
made  of  cast  iron  as  hard  as  can  be  properly  worked  and  fitted 
accurately  in  the  valve  casings,  no  packing  rings  being  used. 
The  metal  of  their  walls  is  1  in.  thick.  Each  valve  consists  of 
two  hollow  pistons  and  a  distance  piece  which  has  two  flanges 
for  securing  the  pistons  the  proper  distance  apart.  Each  dis- 
tance piece  has  six  ribs  f  in.  thick.  The  valves  are  accurately 
turned  to  fit  the  valve  chest  cases  to  a  diameter  of  15  in.  and 
21  in.  respectively  for  the  high-pressure  and  intermediate  cyl- 
inders. There  are  five  semicircular  grooves  on  the  surface  of 
the  valves  at  each  end  |  in.  deep  for  water  packing.  There 
are  also  two  lugs  on  the  upper  portion  of  the  valve  bored  with 
1-in.  holes  for  convenience  in  handling.  The  two  parts  of 
each  valve  are  separated  when  in  place  on  their  vertical  stem 
by  cast-iron  distance  pieces  which  are  of  such  length  as  to 
make  the  steam  lead  and  lap  as  follows  :  High-pressure  steam 
lead,  top,  i  in.  ;  bottom,  Wj  in.  ;  high-pressure  steam  lap,  top, 
2±  in.  ;  bottom,  2T\  in.  The  steam  lead  of  the  intermediate 
cylinder  is  i  in.  at  the  top  .and  f|  at  the  bottom  ;  the  steam 
lap  of  the  same  cylinders  is  2±  in.  at  the  top  and  2^  in.  at  the 
bottom. 

The  area  of  opening  of  the  intermediate  valves  is  calculated 
at  205  sq.  in.,  which  leaves  an  opening  of  31  in.  at  the  top  and 
3^  in.  for  the  bottom.  "When  the  engine  is  running  at  123 
revolutions  per  minute  the  flow  of  steam  through  the  opening 
of  the  intermediate  cylinder  is  132.7  ft.  per  second,  with  an 
exhaust  speed  of  94.18  ft.  An  examination  of  the  drawings 
and  valves  of  this  intermediate  cylinder  will  show  that  the  ar- 
rangement of  the  steam  passages  is  of  a  somewhat  complicated 
nature,  but  by  referring  the  various  sections  to  the  points  in 
which  they  are  taken  a  clear  understanding  of  the  movement 
and  distribution  of  the  steam  will  be  readily  attained. 

The  drawing  of  the  high-pressure  valve,  which  is  not  repro- 
duced here  on  account  of  its  being  exactly  similar  in  design  to 
the  intermediate  valve,  shows  that  the  area  of  the  openings  is 
calculated  at  144  sq.  in.,  which  leaves  an  opening  of  3+  in.  at 
the  top  and  3T9S  in.  for  the  bottom  of  the  valve,  the  same  as  in 
the  intermediate  cylinder.  When  the  engine  is  running  at 
standard  speed  as  before  the  flow  of  steam  through  the  open- 
ings of  the  high-pressure  valve  is  92.9  ft.  per  second,  while  the 
exhaust  is  67  ft.  per  second.  The  calculations  for  the  low- 
pressure  valve  give  an  area  of  374  sq.  in.,  with  an  opening  of 
tJJ  in.  at  the  top  and  5-ft  in.  at  the  bottom.  With  the  engine 
at  nominal  speed  the  flow  of  steam  is  108  ft.  per  second,  while 
the  rate  of  flow  of  the  exhaust  is  165.8  ft.  per  second. 

The  engraving,  showing  a  vertical  section  through  the  inter- 
mediate steam-chest,  with  a  valve  in  the  central  position,  can  be 
used  to  illustrate  the  action  of  the  steam.  Taking  the  cross 
section  of  the  valve  that  is  shown  immediately  below  the  ver- 
tical section  of  chest,  and  which  is  taken  on  the  line  A  B.     If 
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the  valve  moves  down  the  passage  Z,  which  Is  in  communica- 
tion with  the  top  of  the  valve,  opens  into  the  passage  Y  at  the 
same  time  that  the  top  end  of  the  valve  opens  the  passage  X, 
thus  giving  a  douhle-ported  opening  into  the  steam  passages 
to  the  cylinder.  The  valve  being  made  line  and  line  on  the 
Inside,  the  moment  it  passes  the  central  line  on  its  downward 
stroke  the  passage  47  is  opened  to  the  exhaust  direct,  and  the 
passage  V  is  also  open  by  way  of  the  port  W,  which  is  shown 
in  dotted  line.  This  valve  is  so  arranged  that  the  three  steam 
ports  have  an  area  of  50  sq.  in.  each,  giving  a  total  of  150  sq. 
In.  The  three  exhaust  ports  have  an  area  of  18.5  sq.  in.  each, 
giving  a  total  of  55.5  sq.  In.     The  size  and  thicknesses  of  metal 
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of  the  valves  in  cross  section  is  given  on  the  large  detailed 
sketch  of  the  valve  of  section  on  CD.  The  low-pressure  slide 
valve  is  double  ported  as  shown,  and  Is  made  of  cast  iron  thor- 
oughly strengthened  by  ribs.  There  is  a  passage  through  the 
valves,  so  that  the  exhaust  steam  may  be  used  to  cushion  the 
pistons  and  give  a  quick  port  opening  at  the  commencement 
of  the  stroke.  The  face  and  back  of  each  valve  is  carefully 
finished  to  true  planes,  and  a  balanced  plate  worked  on  the 
back  of  each  valve.  The  dimensions  of  the  valve  are  such 
that  the  steam  lead  at  the  top  is  J  in.  and  T\  in.  at  the  bottom. 
The  steam  lap  at  the  top  is  3+  In.  and  2j\  in.  at  the  bottom. 
There  is  a  cast-iron  relief  ring,  41  in.  in  diameter,  fitted  to  the 
back  of  this  valve  to  take  off  the  pressure  on  the  back.     This 


relief  ring  is  turned  and  faced  to  fit  the  composition  bushing 
iu  the  valve  chest  cover  and  back  of  the  valve,  a  copper  ex- 
pansion ring  being  bolted  to  the  relief  ring  and  flange  of  the 
interior  sleeve.  The  relief  ring  is  held  against  the  back  of  the 
valve  by  composition  studs  on  a  spiral  round  steel  spring  fitted 
in  interior  sleeves  cast  on  the  bonnet.  These  springs  are  made 
of  fin.  round  steel,  the  tension  being  regulated  by  wrought- 
irou  set  screws  passing  through  composition  taps  screwed  into 
the  sleeves.  The  outside  of  the  opening  is  covered  with  a 
brass  plate  TV  in.  thick,  so  as  to  make  a  smooth  finish.  A  com- 
parison of  the  longitudinal  and  cross  sections  of  the  valve  will 
show  that  the  interior  and  double  ports  are  so  cored  out  that 

there  is  a  double-ported 
opening  for  the  exhaust 
and  a  triple  opening  for 
steam  admission.  The 
triple  opening  for  the 
steam  admission  is  ac- 
complished by  the  ad- 
mission of  steam  at  the 
end  of  the  valve  through 
the  Allen  port  and 
through  the  central  part 
which  is  cored  out  next 
the  exhaust  passage,  and 
to  which  admission  is 
gained  from  the  side  of 
the  valve,  as  shown  on 
the  cross  section.  The 
method  by  which  the 
double  ported  opening 
is  obtained  for  the  ex- 
haust is  clearly  shown 
on  the  engraving.  The 
inside  lap  of  the  slide 
valve  is  placed  at  If. in. 
At  the  same  time,  there 
is  a  negative  lap  of  f  in. 
of  the  Allen  port,  allow- 
ing steam  to  pass  from 
one  end  of  the  cylinder 
over  to  tho  other  before 
the  exhaust  opens.  The 
valve  stems  are  of  forged 
steel  4  in.  in  diameter  at 
the  stuffing-boxes,  re- 
duced to  3  in.  at  the 
valves,  the  lower  end  of 
the  stem  being  provided 
with  a  club  end  fitted 
with  composition  bush- 
ing and  cap  and  bolts. 

The    indicator   cards 
which  we  publish  show 
very  clearly  the  action 
of    the   engine  and  the 
variations  in   the  back 
pressures  due  to  the  in- 
creased opening  at  the 
bottom  of  the  cylinder. 
The   two   sets   of   dia- 
grams shown  are  from 
the   top   ends   and    the 
bottom  ends  of  the  re- 
spective   cylinders,    as 
marked.     The  combina- 
tion card  is  taken  from 
the    starboard    engines 
and   really  explains  it- 
self.    The  top  cards  are 
taken  from  all  the  cylin- 
ders,   with    a    uniform 
cut-off   of  27|  in.,  and 
give  the  following   re- 
sults :  The  mean  effect- 
ive pressure  in  the  high-pressure  cylinder  was  53.04  lbs.  ;  that 
in  the  intermediate  cylinder  was  33.50  lbs.  ;  that  in  the  low- 
pressure  cylinder  was  16.80  lbs.     This  was  when  the  engine 
was  running  at  90  revolutions  per  minute.     The  resultant  in- 
dicated H.P.  was  478.52  for  the  high-pressure,  006.58  for  the 
intermediate  pressure  and  711.54  for  the  low-pressure,  giving 
a  total  indicated  H.P.  top  and  bottom  of  3,591.49.     This  varies 
somewhat  from  what  was  tho  total  of  the  indicated  H.P.  just 
given  in  detail,  which  was  taken  from  the  top  cards  exclu- 
sively, being  a  little  less  owing  to  the  lower  mean  effective 
pressure  in  the  bottom  ends  of  the  cylinders.     Doubling  this 
H.P.  as  given  we  get  7,183  H.P.  for  the  total  indicated  H.P. 
of  the  two  propelling  engines. 
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Each  end  of  each  main  cylinder  is  provided  with  a  cylinder 
relief  valve,  the  diameter  of  those  for  the  high-pressure  and 
intermediate  cylinder  being  3  in.  and  that  of  the  low-pressure 
cylinder  4  in.,  the  load  being  placed  at  155  lbs.  for  the  high 
pressure,  80  lbs.  for  the  intermediate  and  25  lbs.  for  the  low 
pressure.  Each  cylinder  is  also  fitted  for  l£-in.  drain  cocks. 
All  of  the  drain  cocks  of  each  engine  discharge  into  a  pipe 
leading  from  the  fresh  water  side  of  the  condenser  with  a 
blanch  to  the  bilge.  This  pipe  has  a  stop  valve  near  the  con- 
denser and  has  a  spring  check  valve  with  hand  gear  which  can 
open  to  the  bilge  discharge  when  the  drain  to  the  condenser  is 
closed,  but  it  will  prevent  air  from  entering  the  condenser  at 
any  time.  The  stop  and  throttle  valve  of  the  engine  are  in 
one  casing,  the  former  being  lit  in.  in  diameter.  The  com- 
position of  the  casing,  as  prescribed  by  the  specifications,  is  87 
per  cent,  copper,  8  per  cent,  tin  and"  5  peT  cent.  zinc.  The 
casing  of  the  intermediate  valve  is  provided  with  a  starting 


white-metal  wedge-shaped  rings  and  three  or  more  turns  of 
Tuck's  packing. 

The  connecting-rods  with  their  caps  and  bolts  are  of  forged 
steel  finished  all  over.  They  are  78  in.  long  between  centers, 
and  are  turned  7  in.  in  diameter  at  the  small  and  7$  in.  at  the 
large  end.  There  is  a  central  3-in.  hole  extending  from  end  to 
end.  The  cross-head  end  is  forked  to  span  the  cross-head, 
each  of  these  forked  ends  being  6j  in.  thick,  faced  on  each 
side  and  fitted  with  caps  bored  to  a  diameter  of  9$  in.  for  the 
bi  asses.  These  caps  are  3$  in.  thick  at  the  crown,  the  bolts 
being  3  in.  in  diametei  over  the  threads,  reduced  to  2fJ  in. 
diameter  for  a  space  of  3i  in.  near  the  head  and  nut.  The  nuts 
are  of  forged  steel,  each  having  a  collar  recessed  into  the  cap 
and  secured  by  a  set  screw  and  split  pin  at  the  ends  of  the  cap 
bolts.  At  the  crank-pin  end  each  connecting-rod  is  increased 
in  thickness  to  13$  in.,  and  Is  bored  to  18|  in.  in  diameter  for 
the  brasses.     The  caps  are  4j  in-  thick  at  the  crown,  each  con- 
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valve,  the  seat  and  valve  being  of  composition  metal,  while  the 
chest  and  cover  is  of  cast  iron. 

The  piston-rod  stuffing-boxes  are  of  cast  iron,  the  high  pi  -  - 
ure  being  cast  with  the  cylinder  casing  and  the  intermediate 
and  low-pressure  one  separate.  The  upper  surface  of  the 
stuffing-box  has  a  recess  of  1  in.  in  depth  and  8$  in.  in  diame- 
ter for  the  collar  on  the  piston-rod,  as  shown  on  the  longi- 
tudinal section  of  the  intermediate  and  low-pressure  cylinders. 
The  glands  are  of  cast  iron  recessed  on  the  upper  surface  of 
the  flange  f  in.  deep  for  the  oil  box.  These  glands  are  set  up 
by  four  lf-in.  studs  fitted  with  pinion  nuts  and  a  spur  rine 
having  a  composition  keeper  made  in  halves  and  secured  in 
position  by  four  |-in.  studs,  holding  the  teeth  on  the  pinion 
nuts  and  spur  ring  in  gear.  On  thelnside  of  the  gland  bush- 
ing there  is  a  groove  t  in.  deep  and  1  in.  long  turned  and  con- 
nected by  a  |  in.  hole  with  the  oil  groove  on  the  upper  surface 
of  the  flange  of  the  gland.  Metallic  packing  is  used  for  each 
stuffing-box.     This    consists]  of   four   composition  and   four 


forming  to  the  shape  of  the  connecting-rod  end.  The  bolts 
are  4  in.  in  diameter  and  have  heads  fitted  with  stop  pins.  The 
nuts  are  also  of  forged  steel  at  this  point.  The  oil  hole  is 
drilled  at  the  lower  end  of  each  connecting-rod  for  the  crank - 
pin  oil  pipe.  The  pistons  are  of  cast  steel  slotted  in  dish  form, 
as  shown  in  the  engravings,  with  a  boss  10$  in.  in  diameter  at 
the  center  for  the  piston-rod,  with  a  flange  and  recess  at  the 
periphery  for  the  springs,  packing  ring  and  follower.  The 
followers  are  made  of  cast  iron,  with  recesses  for  bolts.  Com- 
position bushings  are  screwed  into  the  pistons  and  secured  by 
J-in.  screw  pins  tapped  for  the  follower  bolts,  these  latter 
being  of  steel  H  in.  in  diameter,  with  square  heads  and  set  up 
on  brass  washers  ^  in.  thick.  The  high-pressure  piston  is 
provided  with  nine  follower  bolts.  There  are  14  in  the  inter- 
mediate and  2-4  for  the  low  pressure.  There  is  also  a  lecess 
turned  on  the  boss  2  in.  long  and  $  in.  deep  with  drawing 
gear.  Each  piston  has  one  cast  iron  packing  ring  1$  in.  thick 
and  6  in.  wide,  cut  obliquely  and  fitted  with  a  composition 
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All  of  the  crank,  line,  thrust  and  propeller  shafts  are  of 
steel,  each  length  being  forged  solid  in  one  piece  with  a  hole 
drilled  axlally  through  it  from  end  to  end.  All  shafts  are 
finished  all  ovei,  and  the  taper  holes  for  the  coupling  bolts  are 
so  drilled  that  the  bolts  drive  from  the  forward. 

The  crank  shafts  are  made  in  three  sections  for  each  pro- 
pelling engine,  and  they  are  all  alike  and  interchangeable. 
Each  section  has  a  crank  of  19i  in.  throw,  with  a  coupling 
disk  about  3  in.  thick  and  24  in.  in  diameter  forged  on  each 
end.  The  length  of  each  section  of  the  shaft  Is  6  ft.  8  In.  over 
all,  witu  two  journals  on  each  end  of  the  same,  each  14  in.  in 
diameter  and  19J  in.  long.  The  crank  pins  are  14^  in.  in 
diameter  and  8  in.  long.  The  webs  are  15  in.  wide  and  8i  in. 
thick,  and  bevelled  off  as  shown  in  the  longitudinal  section  of 
the  engine.  A  Gin.  hole  is  bored  axially  through  each  shaft 
and  a  7-in.  hole  thromgh  each  crank-pin.  When  bolted  to- 
gether the  cranks  stand  at  an  angle  of  120  to  each  other,  the 
low-pressure  following  the  high-pressure,  and  the  intermediate 
following  the  low  piessure  on  the  forward  motion.  Taper 
bolts  2J  in.  in  mean  diameter  are  used  to  couple  the  various 
lengths  of  crank  shafts  together.  There  are  nine  bolts  in  each 
coupling,  all  holes  being  drilled  and  ribbed  to  a  template,  so 
that  the  couplings  will  match  indiscriminately.  The  thrust 
shafts  are  VSi  in.  in  diameter,  19  ft.  7^  in.  over  all  and  bored 
with  6  in.  axial  holes.  Each  shaft  is  provided  with  eight 
thrust  collars  2  in.  thick,  with  spaces  of  3^  in.,  the  collars  being 
23  in.  outside  diameter.  On  the  forward  and  after  ends 
coupling  disks  3  in.  thick  and  24  in.  in  diameter  are  forged. 
The  line  shafts  are  each  13i  in.  in 
diameter  and  19  ft.  8  in.  over  all, 
with  a  6-in.  axial  hole  bored  from  the 
forward  end  to  15i  in.  from  the  after 
end.  The  coupling  disk,  3  in.  thick 
and  24  in.  in  diameter,  is  forged  at 
the  forward  end.  At  the  after  end 
of  the  shaft  for  a  distance  of  19  in. 
the  shaft  is  enlarged  to  a  diameter  of 
19J  in.,  with  a  coupled  flange  3  in. 
thick  and  22£  in.  in  diameter.  The 
enlarged  portion  of  each  shaft  has  an 
axial  hole  15f in.  long,  tapering  from 
a  diameter  of  13J  in.  at  the  after  end 
to  12|  in.  at  the  forward  end,  where 
it  joins  the  6  in.  axial  hole.  On  the 
inner  circumference  on  the  taper 
hole  there  are  two  keyways  cut  di- 
ametrically opposite  each  other,  each 
keyway  being  f  in.  deep  and  2|  in. 
wide.  The  propeller  shafts  are  in 
two  lengths,  the  forward  length  be- 
ing 14|  in.  in  diameter  and  25  ft.  3 
in.  long  over  all,  while  the  after 
length  is  14  in.  in  diameter  and  30 
ft.  ii  in.  over  all.  A  6-in.  axial 
hole  is  bored  through  the  forward 
section  of  each  shaft.  This  sec- 
tion is  also  provided  with  a  composition  casing  made  in 
three  sections,  which  extends  from  4+  in.  off  of  the  forward 
flange  coupling  to  3  ft.  4J  in.  forward  of  the  after  end.  This 
casing  is  shrunk  and  pinned  on  and  is  water-tight.  The  for- 
ward section  of  the  casting  is  4  ft.  9  in.  long  and  ^  in.  thick. 
The  middle  section  is  1  in.  longer  and  $  in.  thick,  while  the 
after  section  is  5  ft.  3  in.  long  and  |  in.  thick.  The  joints  lap 
ovei  each  other  by  1  in.  and  are  burned  together.  The  for- 
ward and  after  ends  of  the  casings  are  tapered  for  a  distance 
of  3  in.,  the  after  end  being  protected  by  a  fillet  of  soft  solder. 
The  forward  end  of  the  forward  length  of  the  propellei  shaft 
is  tapered  to  fit  the  taper  end  of  the  line  shaft.  The  after  sec- 
tion of  the  propeller  shaft  also  has  a  6-in.  axial  hole  down  to 
the  point  where  the  Shaft  is  tapered  for  the  propeller  hub  ; 
heie  it  is  reduced  to  3  in.  in  diameter.  The  after  section  is  in- 
cased in  composition  $  in.  thick  where  it  passes  through  the 
outboard  bearing,  the  casing  being  of  one  length  shrunk  and 
pinned  on,  protected  at  the  forward  end  by  a  fillet  of  soft  sol- 
der and  the  after  end  being  a  water-tight  joint  with  the  propel- 
ler hub.  The  after  end  is,  of  course,  fitted  to  the  bore  of  the 
propeller  shaft,  and  is  provided  with  one  feather  key.  Abaft 
of  this  the  diameter  is  reduced  to  10£  in.  The  propeller  is  se- 
cured by  a  cast-steel  nut  recessed  on  the  face  ami  fitted  with 
an  india-rubber  ring,  making  a  water-tight  joint  between  the 
nut  and  the  hub. 

Stuffing-boxes  are  provided  for  all  shafts  at  the  points  where 
they  pass  through  the  water-tight  bulkheads.  These  arc  made 
of  cast  iron  in  halves,  divided  horizontally,  and  bolted  together 
by  four  j-in.  bolts. 

All  parts  of  the  machinery  are  oiled  by  closed  oil-boxes,  the 
details  of   which  are  so  arranged  as  to  be  adapted  to  the 


peculiarities  of  this  engine.  They  include  direct  leading  tubes 
and  wipers. 

The  thrust  bearings  are  of  cast  iron  with  walls  H  in.  thick,  and 
there  are  seven  adjustable  cast-steel  horseshoe  thrust  rings  2| 
in.  thick,  faced  on  each  side  with  white  metal  i  in.  thick,  dove- 
tailed, hammered  into  place  and  provided  with  oil  grooves. 
These  thrust  rings  are  adjusted  by  forged  steel  nuts  1J  in. 
thick,  so  that  each  ring  takes  its  share  of  the  thrust.  At  each 
end  of  the  thrust  bearing  there  is  a  cast-iion  bearing  15  in.  long 
to  take  the  weight  of  the  shaft.  Each  stern  tube  bearing  is  pro- 
vided with  a  composition  lining  turned  to  fit  the  tube,  which  is 
inserted  from  the  inboard  end  and  secured  with  a  water-tight 
flange  joint.  This  lining  has  an  outside  diameter  of  19|  in.  at 
the  inboard  end,  and  19|  in.  at  the  outboard  end,  with  a  diame- 
ter of  8  in.  in  the  center  between  the  bearings.  The  inside 
diameter  of  the  lining  is  16|  in.,  while  the  taper  length  of  the 
same  from  the  face  of  the  inboard  flange  to  the  after  end  is  18 
ft.  1  in.  This  is  counterbored  at  each  end,  and  each  counter- 
bore  is  fitted  with  strips  of  lignum  vita;  fitted  so  as  to  bear  on 
end  of  the  grain,  and  smoothly  and  accurately  bored  to  the 
diameter  of  the  shaft  casing  after  being  secured  into  position. 
The  lignum  vita;  at  the  forward  end  extends  36  in.  from  the 
after  end  of  the  counterbore,  and  is  prevented  from  turning  by 
two  composition  strips  at  each  end  of  the  lining. 

The  propellers  arc  of  manganese  bronze,  the  starboard  one 
being  right  and  the  port  one  left-handed.  They  are  four 
bladed,  each  14  ft.  6  in.  in  diameter,  cast  with  a  pitch  of  17  ft. 
4  in.,  and  adjustable  from  16  ft.  6  in.  to  18  ft.  3  in.,  the  helio- 
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coidal  area  of  the  four  blades  being  66  sq.  ft.  Each  blade  is 
firmly  bolted  to  the  boss  by  eight  2J-in.  studs  with  closed 
nuts.  These  studs  and  nuts  are  forged,  having  a  tensile 
strength  of  60,000  lbs.  per  square  inch.  The  nuts  are  further 
secured  from  turning  by  f-in.  bronze  tap  bolts  screwed 
through  the  top  of  the  nut.  The  flange  of  each  blade  is  re- 
cessed for  the  nuts  on  the  studs,  and  has  elongated  stud-bolt 
holes  to  allow  the  pull  of  the  blades  to  be  adjusted.  After  the 
blades  were  adjusted  the  filling  pieces  weie  fitted  Into  the 
space  between  the  stud-bolts  and  sides  of  the  holes  and  flanges. 
Each  propeller  is  held  to  its  shaft  by  a  forged-steel  nut  screwed 
on  and  locked  in  place  by  a  bronze  split-pin.  The  shaft  cas- 
ing enters  about  J  in.  into  the  propeller,  and  is  fitted  water- 
tight by  means  of  a  rubber  ring.  Each  boss  is  further  finished 
at  the  after  end  by  a  composition  cap  bolted  on  water-tight, 
the  bosses  and  caps  being  finished  all  over.  In  addition  to  the 
main  engines  there  are  turning  engines  and  gear  in  each  en- 
gine-room. This  consists  of  a  single  engine  for  turning  the 
main  engines,  which  works  under  a  steam  pressure  of  150  lbs. 
The  cylinder  of  this  engine  is  4A  in.  in  diameter  and  6  in. 
stioke  ;  it  drives  by  a  worm  gearing  a  second  worm  which 
meshes  in  with  the  worm  wheel  on  the  propeller  shaft,  the 
worm  wheel  of  each  engine  being  fitted  on  the  flange  coupling 
at  the  after  end  of  the  ciank  shaft.  Piston  valves  arc  also 
used  on  these  turning  engines,  and  they  are  made  reversible  by 
means  of  a  change  valve  moved  by  a  screw  and  hand-wheel. 
The  turning  wheels  are  of  cast  steel  with  cut  teeth,  and  the 
shafts  and  worms  are  of  forged  steel. 

It  is,  of  course,  unnecessary  to  recapitulate  the  gauges  and 
valves  which  are  used  on  the  boilers  and  engines  for  indicating 
steam  pressure,  vacuum,  height  of  water,  etc.     Thermometers 
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are  placed  at  all  points  where  it  is  necessary  that  the  tempera- 
ture of  the  water  should  be  known,  ami  revolution  counters  of 
the  continuous  rotary  type  are  added  to  register  from  1  to 
1,000,000.  In  addition  to  this  there  are  revolution  counters 
which  specifications  demand  should  not  be  Influenced  by 
changes  in  the  temperature,  the  vibration  of  the  engines,  or 
the  motion  of  the  vessel.  Tell-tales  are  fitted  on  the  bridge 
and  in  the  conning-tower  to  show  the  direction  of  the  revolu- 
tion of  the  main  engines,  and  in  addition  to  this  there  is  a 
lepeating  telegraph  connecting  the  dials  on  the  working  plat- 
form with  those  of  the  conning-tower,  wheel-house  and  bridge. 
Speaking-tubes  connect  each  engine-room  with  each  fire-room 
and  with  each  other,  the  fire-rooms  with  each  other,  and  each 
engine-room  with  the  pilot-house,  conning-tower,  bridge  and 
chief  engineer's  room.  Exch  fire-room  is  also  connected  with 
the  upper  deck  close  to  the  top  of  the  ash-hoist.  Engine  indi- 
cator connections  are  made  at  the  usual  points. 

The  engine-rooms  are  ventilated  by  means  of  exhaust  fans, 
each  4  ft.  6  in.  in  diameter,  driven  by  a  vertical  direct-acting 
engine  having  a  steam  cylinder  6  in.  in  diameter  and  4-in. 
stroke.  The  air  ducts  that  lead  from  these  fans  are  provided 
with  adjustable  openings  so  arranged  as  to  thoroughly  venti- 
late all  parts  of  the  engine-room  and  shaft  alleys,  the  air  being 
discharged  through  ducts  leading  to  the  spar  deck.  Every 
arrangement  is  made  for  the  comfort  and  convenience  of  han- 
dling and  working  the  epgines  as  far  as  the  limited  space  will 
allow  ;  but  it  must  be  remembered  that  in  a  vessel  of  this  type, 
with  a  large  II. P.  to  be  developed,  and  the  immense  amount 
of  machinery  contained  within  such  a  small  space,  that  every 
inch  of  room  is  valuable  and  the  machinery  is  crowded  to- 
gether most  compactly.  Attention  was  particularly  called  to 
this  matter  when,  in  our  issue  for  May,  we  described  the  feed 
pumps  for  the  same  vessel.  Contracts  foi  the  main  engines 
and  all  machinery  used  here  described  was  taken  and  filled  by 
the  Richmond  Locomotive  Works,  of  Richmond,  Va.,  the  en- 
gines being  designed  at  the  Navy  Department  with  the  excep- 
tion of  a  few  variations  which  were  added  at  the  works.  In  a 
future  issue  wo  expect  to  describe  still  further  some  special  ap- 
pliances which  are  used  in  the  engineers'  department  of  this 
vessel. 


EXPRESS  PASSENGER  ENGINE  FOR  THE  MID- 
LAND RAILWAY. 


The  Dore  and  Chinley  section  of  the  Midland  Railway  has 
recently  been  opened,  and  this  establishes  a  new  express  route 
between  Liverpool  and  Manchester  and  Sheffield.  The  line 
passes  over  the  peak  district  of  Derbyshire  on  gradients  that 
are  very  severe  throughout. 

The  eugine  which  we  illustrate  is  one  of  the  type  of  20 
which  have  been  built  for  this  special  service.  Fifteen  of  them 
have  been  built  by  Sharp,  Stewart  &  Company  and  five  by 
the  Midland  Company.  The  diameters  of  the  cylinders  are 
18|  in.  with  a  stroke  of  26  in.  The  driving-wheels  are  6  ft.  6 
in.  in  diameter,  and  the  boiler  carries  a  pressure  of  160  lbs. 
per  square  inch.  The  capacity  of  the  tenders  is  3,250  galls,  of 
water. 

The  standard  size  of  driving-wheels  for  the  Midland  engines 
is  7  ft.,  but  these  have  been  made  6  in.  smaller  on  account  of 
the  gradients. 


RACK  RAILWAYS. 


It  often  happens  that  old  ideas  or  inventions  patented  many 
years  ago,  which  seem  to  have  sunk  into  oblivion,  are  half  a 
century  later  revived  under  a  new  form,  and  become  valuable 
acquisitions  to  the  industrial  and  scientific  world.  Such  has 
teen  the  case  with  rack  railways.  The  first  rack  railway  was 
built  in  1811  near  Leeds,  by  Blenkinsop.  It  was  a  mistaken 
conception,  if  you  like,  but  in  it  was,  nevertheless,  the  germ  of 
the  invention  which  has  made  mountainous  districts  accessible 
by  rail  to  tourists,  and  in  many  cases  connected  them  with 
main  lines.  The  engineers  of  the  early  part  of  the  century 
were  under  the  impression  that  the  adhesion  between  the  ordi- 
nary plain  wheel  and  rail  would  not  be  sufficient  to  effect  the 
propulsion  of  the  locomotive  then  in  its  infancy.  Blackett,  in 
1811,  showed  that  toothed  wheels  and  racks  were  needless  for 
this  purpose.  Fifty-nine  years  were  to  elapse  before  Sylvester 
Marsh  in  the  United  States,  and  Riggenbach  in  Switzerland, 
were  to  revive  the  idea  and  assign  it  its  piopcr  place  and  use — 
namely,  in  those  heavy  gradient  railways  where  the  adhesion 
of  the  ordinary  locomotive  rendered  it  entirely  inadequate  to 
haul  any  load  worth  mentioning  besides  itself. 

Tho  Mount  Washington  Railway,  built  by  Sylvester  Marsh, 
is  very  similar  to  that  constructed  on  the  Righi  by  Messrs. 


Riggenbach  &  Naeff.  It  should  be  mentioned  that  Sylvester 
Marsh  had  first  attempted  to  work  Fell's  central  rail  arrange- 
ment, but  abandoned  it  soon,  substituting  for  the  central  rail 
a  rack.  The  gradients  on  either  railway  are  often  1  in  4  ;  on 
the  average  the  inclination  of  the  gradients  is  11  in  50. 

The  Righi  was  a  success,  and  since  then  no  fewer  than  25 
lines  have  been  built  in  the  world  on  this  principle.  Most  of 
them  are  met  in  Germany,  Austro-IIungarj'  and  Switzerland. 
The  aggregate  length  of  these  railways  is  over  100  miles.  The 
gauge  is  either  4  ft.  8£  in.  or  1  meter.  Steep  inclines  of  1  in  5 
are  met  with  on  the  Hollenthal,  in  Germany,  and  the  Lanfen, 
in  Switzerland. 

The  rack  used  by  Riggenbach  is  really  a  wrought-iron  lad- 
der laid  centrally  between  the  ordinary  rails.  It  consists  of 
parallel  channel  irons  kept  apart  by  stays  of  round  iron,  which 
constitute  the  teeth,  into  which  gear  the  teeth  of  the  wheels  on 
the  engine  run.  The  first  engine  had  a  vertical  boiler,  form- 
ing an  angle  with  the  frames,  so  that  the  water  level  would 
remain  horizontal  whatever  the  inclination  of  the  road  might 
be.  The  wheels  were  loose  on  their  axles,  but  the  toothed 
wheel  was  keyed  on  the  middle  of  the  rear  axle.  Motion  was 
transmitted  to  it  by  intermediate  spur  wheels.  In  subsequent 
applications  the  toothed  wheels  were  mounted  on  a  blind  axle, 
for  in  the  previous  arrangement  it  occurred  that  the  ordinary 
wheels  wearing  on  the  tread  would  interfere  with  the  proper 
working  of  the  toothed  wheel,  which  gears  simply  with  the 
rack.  In  all  engines  built  afterward  horizontal  boilers  were 
adopted,  but  arranged  in  such  a  manner  that  the  level  of  the 
water  should  always  remain  horizontal,  or  nearly  so. 

The  idea  naturally  occurred  that  the  wheels  which  run  on 
the  ordinary  rails  might  be  coupled  and  actuated  by  steam. 
This  has  been  done  on  nine  of  the  railways  built  according  to 
Riggenbach's  plans.  But  the  merit  to  have  carried  this  new- 
idea  to  its  fullest  extent  and  improved  the  rack  belongs  to 
M.  Roman  Abt,  of  Lucerne.  During  the  last  nine  years  the 
Abt  system  has  made  wonderful  progress.  No  fewer  than  19 
railways  have  been  built  on  the  Abt  system,  representing  an 
aggregate  length  of  194  miles.  The  longest  are  the  Hartz 
Railway,  in  Germany,  18  miles  ;  the  Rama  Serajewo,  in  Bos- 
nia, 42  miles  ;  a  section  of  the  Transandine,  in  South  America, 
31  miles  ;  San  Domingo,  West  Indies,  22  miles.  One  of  these 
railways— that  of  Mont  Salies,  in  France— is  an  electric  one. 
One  in  5  gradients,  as  at  Aix-les-Bains,  are  not  infrequent. 

The  difference  between  Abt'sand  Riggenbach's  systems  con- 
sists in  the  construction  of  the  rack  and  the  fuller  utilization 
of  the  adhesive  weight  on  the  wheels  running  on  the  ordinary 
rails.  There  are  two  independent  groups  of  cylinders.  Those 
inside  actuate  the  spur  wheels  keyed  on  an  intermediate  shaft. 
The  outside  ones  drive  the  ordinary  wheels  in  the  usual  man- 
ner, these  wheels  being,  of  course,  coupled.  On  the  portions 
of  the  lines  which  are  not  too  steep,  the  outside  cylinders  alone 
are  worked  ;  on  the  heavy  gradients,  the  inside  or  both  inside 
and  outside  cylinders  are  used. 

The  rack  consists  of  parallel  steel  bars  supported  by  chairs 
resting  on  metallic  sleepers.  The  steel  bars  are  cut  out  so  as 
to  form  suitable  racks,  but  the  teeth  of  one  bar  are  not  op- 
posite those  of  the  other,  but  opposite  the  space  between  two 
teeth  of  it.  This  arrangement  necessitates  the  employment  on 
the  engine  of  wheels  with  stepped  teeth,  but  it  reduces  friction 
and  insures  that  the  spur  wheels  are  always  in  contact  with  one 
or  two  of  the  rack  bars,  which  was  not  the  case  in  the  Riggen- 
bach system.  The  advantages  are  :  First,  the  rack  is  easier  to 
make  and  lay  down  with  accuracy  than  the  ladder  arrange- 
ment of  Riggenbach.  The  joints,  although  insistent,  can  for 
each  rack-bar  be  laid  in  alternate  chairs,  so  as  to  keep  con- 
tinuity and  the  strength  of  the  rack  unimpaired  ;  second,  much 
sharper  curves  can  be  used.  In  the  Riggenbach  system  they 
could  not  be  less  than  9  chains  radius  ;  5-ehaiu  curves  are  fre- 
quent on  the  lines  laid  according  to  the  Abt  system.  There  is 
no  necessity  to  have  specially  made  parts  for  curves,  as  is  the 
case  with  Riggenbach's  rack.  The  slight  wear  which  takes 
place  on  the  teeth  in  the  first  days  after  the  line  is  thrown  open 
to  the  traffic  compensates  for  the  difference  of  curvature.  The 
experience  gained  on  the  Hartz  Railway  goes  to  show  that  the 
rack  teeth  wear  1  millimeter  in  150  years,  and  the  spur  wheels 
last  12  years.  The  Riggenbach  spur  wheel  lasts  only  two 
years.  Third,  the  number  of  rack  bars  determines  the  weight 
of  the  trains  which  can  be  hauled  on  such  a  track  ;  a  greater 
speed  is  possible,  as  there  are  always  teeth  in  contact  with  the 
racks,  and  consequently  no  shocks,  as  in  the  Riggenbach  sys- 
tem. Five  miles  an  hour  on  the  latter  causes  hammer  blows 
between  the  wheel  and  rack  teeth,  whereas  in  the  Abt  system 
a  speed  of  15  miles  an  hour  is  obtained  without  shocks  or  noise. 
The  Abt  system  has  been,  so  far,  a  grind  success,  and  it  will 
no  doubt  receive  more  extended  application.  The  Beyrout- 
Damascus  Railway,  86  miles  long,  will  be  on  the  Abt  system. 
— Railway  Press. 
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ENGINE    AND   TENDER    CONNECTION  ON  THE 
PENNSYLVANIA  RAILROAD.      . 


'  We  illustrate  herewith  the  connection  between  the  engine 
and  tender  which  has  been  designer!  for  use  with  the  Class  P. 
locomotives  on  the  Pennsylvania  Kailroad.  It  will  be  seen 
that  there  is  a  spring  of  19,"000  lbs.  capacity  placed  in  a  casting 
located  in  the  buffer  plate  of  the  engine.     This  spring  is  thor- 


eled  before  the  safety  rigging  would  come  into  action  would 
be  but  a  trifle  over  3  in.,  which  is  very  much  less  than  could 
be  attained  did  the  safety  attachment  consist  of  the  chain  con- 
nections. 

The  matter  of  safety  connections  between  engine  and  tender 
was  the  subject  of  a  recent  report  before  the  Master  Mechanics' 
Association,  in  which  great  weight  and  great  strength  were 
recommended.  This  arrangement  is  simple,  and  would  seem 
to  meet  the  requirements  as  to  both  strength  and  rigidity. 
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ENGINE   AND   TENDER  CONNECTIONS   FOR  CLASS   P.   PENNSYLVANIA   RAILROAD. 


oughly  housed  in,  so  that  there  is  no  opportunity  for  it  to  get 
loose  or  shake  out  of  place.  The  regular  draft  rigging  con- 
sists of  the  usual  pin  connections  with  a  bar  4  in.  wide  and  li 
in.  thick. 

The  safety  arrangement  consists  of  two  bars  If  in.  in  diame- 
ter, with  slotted  pin  connections  on  the  engine  and  a  solid  pin 
connection  on  the  tender.  This  allows  for  curyature  and  the 
usual  oscillation  between  engine  and  tender,  but,  should  there 
be  a  breakage  of  the  regular  draft  rigging,  the  distance  trav- 
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A    BTBAMBB   FOR   RT/s-IAN   PRISONERS. 

The  following  description  of  a  steamer  built  in  Dumbarton. 
Scotland,  for  carrying  Russian  prisoners,  will  be  of  interest  to 
many  of  our  readers.  The  name  of  the  vessel  is  Yaroslavl  and 
will  form  a  part  of  the  Russian  voluntary  fleet.  The  length 
of  the  steamer  is  420  ft.  on  deck,  with  a  breadth  of  beam  of  45 
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ft.  The  hull  is  of  steel,  and  there  are  three  decks,  the  rig- 
ging being  that  of  a  two-masted  schooner.  The  displacement 
is  5,100  tons.  She  is  driven  by  twin  screws  turned  by  two 
triple  expansion  engines.  On  her  trial  trip  on  the  Clyde,  when 
the  draft  was  three-quarters  of  full  load,  her  speed  was  12 
knots.  This  steamer  is  especially  intended  for  the  transporta- 
tion of  prisoners  or  exiles  on  the  Saehalin  Isle.  Particular  at- 
tention has  been  given  to  the  construction  of  the  prisoners' 
apartment,  which  is  placed  between  the  hurricane  and  main 
deck,  and  is  so  arranged  that  there  is  a  passage  of  1  ft.  be- 
tween the  planking  and  the  grating. 

The  openings  are  large  and  the  number  of  ventilating  tubes 
quite  sufficient,  so  that  an  ample  supply  of  fresh  air  is  secured. 
In  case  of  storms,  when  ventilators  and  hatches  are  closed, 
two  ventilators  driven  by  electricity  are  placed  in  operation. 
In  addition  to  this,  supplementary  ventilating  tubes  are  ar- 
ranged for  a  continuous  supply  01  fresh  air.  The  beds  are  "2 
ft.  x  6  ft.  and  are  arranged  in  two  rows.  The  engine-room 
is  entirely  isolated  from  the  prisoners'  quarters.  The  cost  of 
the  steamer  was  £74,000. 

She  will  sail  for  Odessa  and  then  take  on  board  800  prison- 
ers, and  in  Nickolof  will  take  on  2,600  tons  of  freight  for  the 
construction  of  the  Oussouri  Railway,  whence  she  will  sail  for 
the  far  east.  The  vessel  was  constructed  by  Messrs.  Denny  & 
Co.,  who  have  also  received  an  order  for  another  steamer,  to 
be  called  the  Tamboff,  for  the  voluntary  fleet.  This  second 
vessel  will  be  constructed  on  the  same  plan  as  the  Yaroslavl, 
but,  instead  of  the  prisoners'  compartments,  she  will  be  ar- 
ranged to  carry  emigrants,  and  the  number  of  first-class  cabins 
wilTbe  increased  to  60.  The  contract  price  for  this  steamer  is 
£70,000,  or  £4,000  less  than  the  first  one,  which  is  said  to  be 
due  to  the  general  stagnation  in  the  ship-building  trade  and 
great  decrease  in  the  price  of  steel. 

TIIE   SEW   RUSSIAN   IMPERIAL   TRAIN   FOR  FOREIGN   TRAVEL. 

A  correspondent  has  sent  us  the  following  description  of  a  new 
imperial  train  for  foreign  travel,  which  has  been  finished  at 
the  Alexandrovsk  Works  of  the  Xicolai  Railroad,  in  St.  Peters- 
burg : 

This  train  consists  of  11  eight-wheeled  cars — viz.,  sleeping- 
car,  pallor  car,  two  grand  ducal  cars  for  gentlemen  and  ladies, 
office  car,  guards'  car,  kitchen  car,  car  for  attendants,  car  for 
electric  machines,  and  a  baggage  car.  The  length  of  each  car 
is  about  63  ft.,  so  that  the  whole  train,  without  engine,  is  about 
700  ft.  long. 

The  peculiarity  of  these  cars  is  that  the  bodies  of  them  are 
built  of  steel  sheets,  and  each  side  wall  is  made  of  a  single 
sheet.  The  wood  is  used  only  for  posts  and  rafters.  This 
system  is  designed  by  Mr.  Polonceau,  C.E.  There  was  great 
difficulty  in  preparing  such  steel  sheets — 55  ft.  long  and  T3S  in. 
(5  millimeters)  thick,  which  can  be  made  at  the  Alexandrovsk 
Steel  Works. 

The  cars  are  mounted  on  two  four-wheeled  bogies  or  trucks 
with  a  triple  system  of  springs. 

The  bogies  are  so  arranged  that  the  wheels  can  be  changed, 
so  that  the  cars  can  run  on  Russian  tracks  of  5-f  t.  gauge  and  on 
foreign  roads  4  ft.  8}  in.  wide. 

The  heating  of  the  cars  is  by  steam  and  the  lighting  by  elec- 
tricity. The  train  is  provided  with  dynamo  machine  and  ac- 
cumulators. 

For  the  safety  of  travel  the  train  is  provided  with  three  sys- 
tems of  brakes — the  Ilard}',  with  rarefied  air  ;  the  Westing- 
house,  with  compressed  air,  and  ordinary  hand  brakes. 

The  inner  ornaments  were  designed  by  special  artists  and 
made  by  the  best  cabinet-makers,  Svirski,  Butieher  &  Guns- 
berg,  of  St.  Petersburg.  The  bronze  furniture  was  made  at 
the  workshop  of  Berto. 

All  the  mechanical  work  has  been  done  under  the  superin- 
tendence of  a  special  committee  presided  over  by  the  director 
of  the  railroad  department,  Mr.  Soumarokov. 

All  the  cars  have  been  sent  from  St.  Petersburg  to  Warsaw, 
where  they  will  be  put  on  the  foreign  track  (4  ft.  8$  in.  gauge) 
and  will  be  tried  there. 

SIBERIAN    RIVERS    AND   NAVIGATION. 

When  the  network  of  Russian  railroads  has  reached  the 
western  boundary  of  Siberia — viz  ,  when  the  <  Hiral  Railroad 
has  been  carried  to  Turnen  on  the  Toura  River— then  the  eco- 
nomic condition  of  the  country  and  the  navigation  on  Siberian 
rivers  will  be  greatly  changed. 

In  former  limes  corn  was  produced  in  Siberia  exclusively 
for  local  consumption  ;  now  agriculture  has  been  very  much 
developed,  and  tin-  export  of  its  products  increases  every  year. 

The  immigration  of  settlers  from  European  Russia  increases 
prodigiously.  In  the  year  1885  9,678  settlers  passed  through 
Tobolsk  ;  in  the  year  1802  the  number  was  100,000  ;  and  for 


the  whole  period  (1835-92)  the  whole  number  of  immigrants 
(passing  the  Tobolsk  Government)  was  287,956. 

The  goods  traffic  through  the  main  water  ways  Toura  and 
Tobol,  being  the  prolongation  of  the  Oural  Railroad,  in  the 
period  fromit870-*4  was  40,000  tons  ;  and  it  has  been  contin- 
ually on  the  increase,  reaching  250,000  tons  in  1892.  The  total 
freight  traffic  on  the  rivers  of  Western  Siberia  in  1892  was 
330,000  tons. 

The  number  of  vessels  (barges)  on  the  system  of  the  Obi  River 
has  increased  with  the  requirements  of  traffic. 

The  firs>  steamer  in  Siberia  was  built  in  1844,  and  was  the 
only  one  till  1854,  from  which  time  the  number  of  steamers 
increased  every  year,  and  in  1893  the  whole  number  was  102, 
the  number  of  other  vessels  being  200. 

The  navigation  on  the  Siberian  rivers  during  the  last  twenty- 
five  years  has  changed  not  only  in  quantity,  but  also  in  quality. 
In  old  times  there  were  heavy  vessels  with  great  draft  and 
small  tonnage,  going  downward  with  the  flow  of  the  stream 
and  upward  by  means  of  wire.  Now  we  have  only  steamers 
towing  the  vessels  (barges). 

The  river  fleet  is  now  the  following  :  1  steamer  of  250 
N.H.P.  :  1  steamer  of  180  N.H.P.  ;  4  steamers  of  150  N.H.P. 
each  ;  Ssteamersof  120 N.H.P. each  ;  9steamersof  100N.H.P. 
each  ;  18  steamers  of  80  N.H.P.  each  ;  11  steamers  of  60 
N.H.P.  each  ;  15  steamers  of  40  N.H.P.  each,  and  21  small 
steamers. 

The  greatest  traffic  takes  place  between  the  upper  parts  of 
the  rivers  Obi  and  Irtish  from  the  one  side,  and  the  city  of 
Tumen  (terminus  of  the  railroad)  from  the  other.  About  all 
these  goods  are  carried  by  the  Siberian  rivers  the  great  dis- 
tance of  from  1,700  to  2,000  miles. 

The  Siberian  navigable  rivers  being  still  in  their  natural 
state,  navigation  is  dangerous,  and  the  freights  and  fares  are 
very  high — seven  to  eight  times  greater  than  the  freights  on  the 
Volga  River  in  European  Russia. 

The  control  of  the  Siberian  rivers  from  the  year  1809  has 
been  given  to  the  X  District  of  Way  Communications.  Thir- 
teen years  after,  when  the  X  district  was  cancelled,  the  control 
of  Siberian  rivers  was  divided  between  the  administration  of 
Eastern  Siberia  and  that  of  Western  Siberia.  Since  that  time 
the  administration  was  occupied  only  with  highways,  and 
nothing  was  done  for  the  rivers,  the  control  of  navigation  be- 
longing to  the  ordinary  police.  In  the  year  1882  the  administra- 
tion of  Western  Siberia  was  cancelled  and  its  water  communi- 
cations have  been  transmitted  to  the  Department  (ministry)  of 
Way  Communications.  Prom  the  years  1882-93  this  depart- 
ment has  only  superficially  studied  Siberian  waterways. 

Such  condition  of  navigable  rivers  cannot  be  called  favor- 
able navigation  ;  but  the  Department  of  Way  Communica- 
tions, having  in  view  the  limited  resources  of  the  State  treas- 
ury, must  confine  the  improvement  of  the  waterways  to  those 
most  necessary— viz.,  the  rivers  Tenissey.  Lena,  Angara,  8e- 
lenga,  Oussouri,  while  the  artificial  Obi-Yenissey  connection 
will  for  the  present  be  left  in  its  present  state. 

Hydrotechnic  works  will  be  undertaken  on  the  following 
rivers  :  On  the  Toura  River,  from  Tumen  to  its  estuary  in 
Tobol  ;  on  the  Tobol  River,  from  the  estuary  of  Toura  to  its 
estuary  in  Irtish  ;  on  the  Tomi  River,  from  Kouznetzk  to  its 
estuary  ;  on  the  Choulim  River  from  Achinsk  to  its  estuary. 

Besides  these  the  channel  (navigable  channel)  will  be  marked 
on  the  following  waterways  :  Toura  River,  from  Tumen  to 
its  estuary  ;  Tobol  River,  from  its  estuary  of  Toura  to  Irtish  ; 
frtish  River,  from  Semipalatinsk  to  Tobolsk  ;  Obi  River, 
from  Barnaoul  to  Tobolsk  ;  Tomi  River,  from  Kouznetzk  to 
estuary  :  Choulim  River,  from  Achinsk  to  estuary. 

Lastly,  it  is  proposed  to  build  a  telegraph  line  from  Tobolsk 
to  Krivoshchekova,  the  point  where  the  future  railroad  crosses 
the  Obi  River  (1.500  miles),  and  make  the  exact  surveys  and 
explorations  of  Shilka  River  from  Svetensk  to  estuary,  and  of 
Amour  River  from  the  estuary  of  Shilka  to  the  Khabarofka. 
For  the  control  of  this  waterway  the  Department  of  Way  Com- 
munications appoints  now  administrations  of  water  communi- 
cations of  Western  Siberia  with  a  territory  including  5,000  miles 
of  waterways.  For  the  improvement  of  the  waterways  $8 15,000 
has  been  appropriated,  and  $250,000  more  will  be  expended 
each  year  thereafter. 

THE   NEW   TERMS   OF    CONSTRUCTION   OF   THE   GREAT   SIBERIAN 
RAILROAD. 

In  one  of  the  last  sessions  of  the  Siberian  Railroad  Commit- 
tee, presided  over  by  the  successor  to  the  Russian  throne.  Tsar- 
evitch  Nicolas,  an  acceleration  in  construction  of  :i  through 
railroad  was  decided  upon.  For  that  purpose  a  temporary 
track  will  be  laid  from  lrkoutsk  to  Listvinichnai'a,  a  landing- 
place  on  the  west  bank  of  Lake  Baikal,  and  a  regular  steam 
ferry  connection  between  this  landing-place   and  the  Trans- 
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bai'kal  Railroad  will  be  established.  This  temporary  railroad, 
53  miles  long,  will  accelerate  the  time  of  opening  of  the  through 
Siberian  railroad,  for  the  loop  of  the  Baikal  line  located  on  the 
south  bank  of  Lake  Baikal  is  very  difficult  of  construction, 
and  will  require  very  much  time  for  completion.  The  tempo- 
rary line  will  probably  remain  permanently,  after  the  con- 
struction of  the  loop  of  the  Baikal  line,  to  supplement  the  navi- 
gation on  Lake  Baikal. 

The  steam  ferry  on  Lake  Baikal  will  work  during  eight 
months  in  the  year,  and  make  a  good  connection  between  ihc 
Central  Siberian  Railroad  and  the  Transbai'kal  Railroad.  But 
during  the  four  winter  months,  when  Lake  Baikal  is  frozen 
and  covered  with  ice,  the  transportation  of  goods  and  pas- 
sengers over  the  ice  of  Lake  Baikal  (which  is  here  about  35 
miles  wide)  will  be  performed  on  sledges,  or  by  means  of  a 
light  narrow-gauge  track  laid  on  the  ice. 

In  addition  to  this,  a  general  acceleration  in  construction  of 
different  lines  belonging  to  the  Great  Siberian  Railroad  was 
decided  upon  ;  so  the  Central  Siberian  Railroad  from  the  Obi 
River  to  Irkoutsk,  1.167  miles  long,  will  be  completed  in  1898 
(instead  of  1900,  as  was  proposed  before).  The  work  will  prob- 
ably be  executed  in  this  time,  as  the  local  population  is  avail- 
able for  the  construction  of  railroa;!  works,  and  the  materials 
for  track-laying  can  be  carried  not  only  to  the  starting-point, 
Krivoshchekova,  on  the  Obi  River,  but  even  to  the  terminus, 
Irkoutsk,  on  the  Angara  River,  and  in  Achinsk,  on  the  Choulim 
River.  These  two  rivers,  Angara  and  Choulim,  will  be  im- 
proved for  that  purpose.  The  plan  of  construction  is  as  fol- 
lows :  In  1895  the  section  of  the  Central  Siberian  Railroad 
from  Achinsk  (on  Choulim)  to  Krasnoiar.sk  (on  Yenissey),  11? 
miles,  will  be  completed.  The  rails  and  other  materials  for  this 
line  will  be  carried  from  Tume"n  through  Toura,  Tobol,  Irtish, 
Obi,  and  Choulim  to  Achinsk.  The  line  from  Achinsk  to 
Krasnoiarsk  being  completed  (in  1895),  the  same  materials  can 
be  carried  to  Krasnoyarsk,  and  from  these  through  Yenissey 
and  Angara  to  Irkoutsk,  and  in  1896  the  track-laying  can  be 
commenced  from  Krasnoyarsk  and  Irkoutsk  simultaneously. 
Of  course  for  this  purpose  the  earthwork  on  the  whole  line 
will  be  undertaken  in  lsul  and  completed  during  the  first  half 
of  the  year  1895. 

RIVER   NAVIGATION   IN   RUSSIA. 

According  to  data  compiled  by  the  Russian  congress  of 
hydrotechnic  engineers,  the  principal  rivers  of  European  Rus- 
sia carry  about  20,000,000  tons  of  freight  in  all.  These  are 
the  official  figures,  but  in  consequence  of  the  bad  system  of 
registration  the  real  figures  are  surely  double  this  amount. 
The  Russian  railroads  now  carry  about  54,000,000  tons  a  year, 
so  that  the  navigation  is  relatively  important. 

European  Russia  (without  Siberia)  has  more  than  35,000 
miles  of  navigable  rivers  and  canals,  which  is  more  than  in  the 
remaining  countries  of  Europe,  which,  taken  all  together 
(France,  Germany,  Austria,  England,  Belgium,  Holland  and 
Sweden),  have  only  28.000  miles. 

The  Russian  river  fleet  is  also  very  great.  There  are  1,300 
steamers,  with  a  tonnage  of  about  83,000.  On  German  rivers 
there  are  only  570  steamers,  on  Austrian  (Danube  and  its  trib- 
utaries) only  193.  Besides  those  mentioned,  the  Russian  rivers 
carry  21,000  other  vessels  with  a  tonnage  of  6,000,000.  Ger- 
many has  only  18,000  such  vessels  whose  tonnage  is  1,300,000. 
I'lir  Donau  Company,  in  Austria,  has  only  750  barges  with 
200,000  tons  of  displacement.  The  river  fleet  of  Russia  is 
therefore  twice  as  great  as  the  river  fleet  of  all  other  European 
countries.  The  number  of  ton-miles  made  by  this  fleet  during 
the  half  year  of  navigation  is  more  than  the  number  of  ton- 
miles  made  on  the  railroads  during  the  whole  year.  The  latter 
in  1890  was  about  8  milliard  ton-miles. 

The  quantity  of  freight  carried  by  Russian  rivers  (20,000,000 
to  40,000.(100  tons)  can  be  compared  only  with  that  oi  the 
United  States,  where  60,000,000  tons  are  carried  yearly. 


GAS  POWER  ON  TRAMWAYS. 

These  columns  have  from  time  to  time  recorded  many  at- 
tempts to  supersede  horses  on  tramways  by  some  form  of  me- 
chanical power.  Steam  locomotives,  compressed-air  motors, 
secondary  batteries,  cable  cars,  and  electric  underground  and 
overhead  systems  have  all  been  described.  Yet,  although 
often  introduced  by  men  of  great  ability  and  backed  by  ample 
capital,  it  cannot  be  said  that  any  one  has  made  an  unqualified 
success  in  this  country,  while  some  have  been  absolute  fail 
ures.  The  question  is  full  of  difficulties  of  a  most  formidable 
character.  From  a  commercial  point  of  view  the  horse  is  a 
fairly  cheap  motor,  and  anything  that  aspires  to  displace  him 
must  be  at  least  as  cheap.     Furtner,  it  must  not  be  the  cause 


of  nuisance  either  to  passengers  or  to  the  general  public.  It 
must  not  occasion  either  noise,  smell,  or  smoke,  or  be  very 
unsightly,  and  it  must  be  under  perfect  control.  Much  of  the 
mechanical  difficulty  arises  from  the  fact  that  some  10  or  12 
II.  P.  must  be  provided  to  do  the  work  of  two  live  horses,  and 
that,  therefore,  a  great  weight  of  machinery  must  be  carried. 
These  various  requirements  sadly  hamper  the  proceedings  of 
inventors,  especially  on  lines  where  the  traffic  is  light.  Given 
a  sufficient  supply  of  passengers,  either  the  cable  or  the  trolley 
system  answers  fairly  well  ;  but  the  initial  expenditure  is  so 
great  that  it  is  only  possible  when  a  large  and  steady  revenue 
can  be  relied  upon. 

As  a  means  of  working  tramways  in  which  a  large  outlay  is 
impossible,  which  probably  means  90  per  cent,  of  those  in  this 
country,  there  is  being  introduced  by  the  Traction  Syndicate, 
Limited,  of  22  Chancery  Lane,  London,  a  self-contained  car, 
fitted  with  a  gas  engine  and  carrying  its  gas  supply  compressed 
in  steel  tubes.  Such  a  car  is  now  in  regular  work  on  the 
Croydon  &  Thornton  Ileath  Tramway  Company's  lines,  and 
will  be  watched  with  great  interest  by  all  engaged  in  such 
matters.  It  certainly  has  much  to  recommend  it.  The  car  is 
not  noticeably  different  from  a  horse  car  ;  it  runs  quietly  and 
easily,  emitting  neither  smoke  nor  steam,  and  is  quite  under 
control.  Inside  passengers  can  hear  a  slight  rumble  of  ma- 
chinery and  perceive  a  trifling  vibration,  but  after  a  minute  or 
two  these  are  unheeded,  and  practically  there  is  nothing  to  de- 
tract from  their  comfort.  Neither  they  nor  bystanders  in  the 
street  can  perceive  any  machinery  whatever,  for  the  engine 
and  gearing  are  entirely  enclosed,  the  motor  lying  under  one 
seat  and  the  wheels  and  clutches  under  the  floor  of  the  car. 
The  driver  stands  on  the  end  platform  with  the  usual  brake 
handle  beside  him,  and  in  front  of  him  a  lever  which  operates 
the  clutches  controlling  the  gearing.  With  the  lever  vertical 
the  engine  is  out  of  engagement  with  the  axles  ;  when  the 
lever  is  placed  to  one  side  or  the  other  the  slow  or  the  fast  gear 
is  in  engagement.  There  is  a  second  lever  for  operating  re- 
versing clutches  at  the  end  of  the  line. 

The  motor  has  two  cylinders  placed  face  to  face  at  op- 
posite sides  of  the  crank  shaft  and  both  driving  on  to  one 
crank.  At  one  end  of  the  shaft — that  nearest  the  side  of  the 
car — is  a  flywheel,  and  at  the  other  end  a  pinion  gearing  into  a 
wheel  on  the  first  motion  shaft,  which  lies  under  the  floor  of 
the  car.  On  this  shaft  are  two  pinions,  either  of  which  can 
be  made  to  drive  a  second  motion  shaft,  the  large  pinion  giv- 
ing a  speed  of  8  miles  an  hour  to  the  car  and  the  small  pinion 
half  that  speed.  Each  of  these  pinions  is  furnished  with  a 
friction  clutch  consisting  of  two  disks,  with  a  ring  of  beech- 
wood  between  them.  One  disk  is  set  up  toward  the  other  by 
means  of  bell  cranks  and  spring  toggle  arms  pivoted  to  a  slid- 
ing collar,  the  arrangement  being  such  that  when  the  clutch  is 
in  engagement  the  pressure  of  the  arms  is  about  at  right  angles 
to  the  shaft,  and  there  is  no  end  thrust  on  the  sliding  collar. 
The  second  motion  shaft  is  geared  to  the  axles  by  pitch  chains. 
For  driving  in  the  opposite  direction  the  rotation  of  the  first 
motion  shaft  is  reversed  by  intermediate  wheels  and  claw 
clutches. 

.Many  of  the  difficulties  connected  with  a  gas-driven  car  arise 
from  the  fact  that  the  engine  must  not  be  stopped  en  route,  but 
must  run  constantly,  whatever  the  car  may  do.  It  is,  however, 
susceptible  of  a  certain  amount  of  regulation,  and  advantage 
has  very  ingeniously  been  taken  of  this  to  save  gas  and  to  lessen 
vibration.  When  the  work  is  light  the  governor  cuts  off  the  gas 
supply  to  one  cylinder  entirely,  the  other  doing  all  the  work. 
The  governor  is.  loaded  by  a  spring  on  the  spindle  and  also  by 
weights  on  an  external  lever,  and  these  weights  can  be  lifted 
by  the  same  handle  that  operates  the  clutches.  By  this  means 
the  speed  of  the  engine  is  reduced  by  some  50  per  cent,  when 
the  car  is  stauding,  and,  further,  the  gas  admission  is  delayed 
until  half  stroke,  with  the  result  that  the  explosion  is  rendered 
much  more  gentle  and  less  likely  to  give  rise  to  vibration  of 
tin  car.  The  gas  is  carried  in  three  receivers  under  an  initial 
pressure  of  120  lbs.  to  the  square  inch,  enough  being  taken  for 
an  8  to  10-mile  run.  It  is  compressed  at  the  Thornton  Ileath 
depot  by  a  gas  engine  and  pump,  and  is  kept  in  a  receiver 
under  a  pressure  of  10  atmospheres.  The  compressed  gas  is 
carried  to  the  car  by  a  pipe  and  flexible  hose,  the  charging 
occupying  no  more  time  than  changing  horses.  We  are  in- 
formed that  the  consumption  is  25  cub.  ft.  per  mile  at  the  cost 
of  a  penny. 

The  performance  of  the  car  is  quite  satisfactory.  It  carries 
28  passengers  in  all,  and  makes  a  very  fair  speed,  the  limit  al- 
lowed by  the  Board  of  Trade  being  8  miles  per  hour.  With 
the  slow  gear  it  will  readily  mount  an  incline  near  Thornton 
Heath  Station  of  1  in  23,  with  a  short  piece  of  1  in  16,  and  in 
coming  down  it  can  be  stopped  by  the  brakes  in  its  own  length. 
It  also  goes  round  a  curee  of  35  ft.  radius  on  a  1  in  27  grade. 
Its  weight,  filled  with  passengers,  is  5i  tons.     The  future  of 
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the  svstem  turns  mainly  on  the  question  of  maintenance.  The 
first  cost  of  the  car  with  its  motor  is  not  greatly  different  from 
that  of  a  horse  car  with  its  11  horses.  For  gas  it  costs  hi.  per 
mile  against  3«f.  per  mile  for  fodder  and  bedding  for  hors-  -  - 
that  it  starts  with  an  advantage  of  2-j-i.  per  mile.  Time  must 
decide  whether  horseflesh  or  mechanism  is  the  cheaper  to  keep 
in  going  order.  The  new  motor  has.  at  least,  one  great  ad- 
vantageover  the  tramway  steam  locomotives  which,  in  some 
districts,  have  done  good'service — it  has  no  boiler  to  be  con- 
stantly under  repair.  There  are  £14,000,000  sterling  invested 
In  tramways  in  the  United  Kingdom,  with  very  unsatisfactory 
results  as  to  dividends,  so  that  "evidently  there  is  a  wide  open 
ing  for  any  system  that  would  effect  an  economy  in  working. 
— Engineering. 


RAILWAY  CONSTRUCTION  IN  JAPAN. 


Ox  the  occasion  of  the  World's  Fair  much  had  been  made 
known  about  Japan  and  the  habits  of  the  people.  The  country 
is  undergoing  great  social,  commercial  and  political  changes, 
and  is  making  rapid  strides  in  improving  her  means  of  communi- 
cation and  public  works  in  general.  The  first  railway  was 
commenced  in  1S70,  and  there  are  now  more  than  1,900  miles 
of  railways  working,  besides  several  lines  under  construction 
or  proposal,  which  are  as  follows 


Length 
of  Lines 

iir-n:e-: 

Lines 

Lines 

under 

:.  l  - 

Open. 

Construc- 
tion. 

Surveyed. 

Miles. 

- 

Miles. 

Imperial  GoTernment  Railway.. 

557.61 

5*7.61 

■■-    - 

' 

•-.  i 

Sanyo        "                  ••        

307.92 

145.10 

9.65 

153.17 

Kinchin     4*                  "'        

272.52 

136.76 

53.50 

83.26 

Tanks                           "        

305.09 

Kansei       "                  "'        

90.35 

59.06 

33.50 

7.69 

Chikoho    "                  ••        

29.00 

25.66 

3.34 

Osaka         "                  "        

42.1* 

6.11 

3  y 

52.21 

52.21 

Koba         '•                  '•        

26.90 

23.96 

3.94 

' 

6.16 

10.19 

10.19 

Knshiro     " 

25.86 

-■   - 

10.24 

7.43 

3.81 

.... 

Sobu           "                   "         

40.00 

5.50 

34.50 

Ba:.:a:_       "                              

30.71 

30.71 

25.66 

25.66 

Sangu 

22.50 

92.50 

Sanwa                            "        

16.50 

Kawagoe  "                           

18.25 

:-  -■ 

Seltsu        '•                           ... 

14.43 

14.43 

Boso          «                  "        

11.41 

11.49 

Sano          "                  "        

9.63 

9.63 

13.09 

13.09 

Hoshiu                                   

43.  SI 

17.40 

1 

Ota 

:     •' 

13.00 

Nanvo                                    

7.13 

7.13 

Dogo                                      

2.29 

139 

Total 

15*0.26 

1911.99 

2-7  55 

.-    -- 

The  standard  gauge  of  Japanese  railways  is  3  ft.  6  in.  The 
permanent  way  consists  of  flat-bottomed  steel  rails  weighing 
60  lbs.  per  yard,  laid  on  cross-sleepers,  except  66?  miles  for 
Tokyo- Yokohama  and  Kobe-Kyoto  lines,  on  which  double- 
headed  rails  on  cast-iron  chairs  are  used.  On  the  Kobe-Kyoto 
lines  cast-iron  pot  sleepers  were  first  tried,  but  they  were  gradu- 
ally replaced  with  timber  cross-sleepers.  Lately,  an  experi- 
ment was  made  with  earthenware  sleepers  in  the  Shinbashi 
station  compound.  As  there  is  an  abundant  supply  of  wood 
In  Japan,  and  it  is  not  attacked  by  insects,  timber  sleepers  an- 
swer very  well.  The  railways  are  mostly  single  lines,  with  thc- 
following  exceptions  : 

Shinbashi- Yokohama  Line,  IS  miles  (double  line). 
Numadzu-Oyama  32 

Ueno-Omiya*  "     16J    " 

56f    " 

The  above  lines  are  entirely  double-tracked.  The  earthwork 
for  Kobe-Kyoto  Line  (47$  miles)  is  made  for  a  double  way  and 
the  bridges  single  way.  All  other  lines  are  entirely  single 
lines.  Figs.  1  and  2  show  the  earthwork  for  single  lines. 
There  are  430  stations,  of  which  Shinbashi,  Yokohama.  Kyoto, 
Osaka,  Kobe,  Hiogo,  Moji,  Yokkaichi,  Tsuruga,  Xaoetsu, 
Ueno,  Omiya,  Oyama.  Awomori,  Temiya.  etc.,  are  large  sta- 
tions. These  are  mostly  of  wooden  buildings,  but  some  are 
of  brick  and  stone  work  with  iron  roofs.     There  are  extensive 


workshops  of  the  Imperial  Government  railways  in  Shinbashi 
and  Kobe,  where  locomotives  and  cars  are  built  and  repaired. 
The  locomotives  are  mostly  of  English  manufacture,  but  there 
are  some  American  and  Gerjuan  locomotives,  as  well  as  of 
Japanese  make,  the  total  number  for  the  whole  1,900  miles 
being  340.  The  ruling  gradient  is  1  in  40  (2.5  per  cent.),  and 
the  sharpest  curve,  15  chains. 

As  the  country  is  mountainous  and  full  of  rivers  and  run- 
ning streams,  there  are  several  engineering  works — deep  cut- 
tings, high  embankments,  tunnels,  bridges  and  culverts.  In 
order  to  carry  out  earthworks,  temporary  rails  are  used.  The 
Japanese  coolies  are  not  at  all  accustomed  to  use  wheel-bar- 
rows, but  they  are  well  trained  to  carry  earth,  stone,  or  any- 
thing on  their* shoulders  with  straw  net  or  mokio.  In  blasting 
rocks,  gunpowder,  dynamite  and  other  explosives  are  used.    , 

Bridges  consist  mostly  of  wrought-iron  plate  or  Warren 
girders,  except  some  brick  arches,  which  are  usually  construct- 
ed in  a  deep  valley  or  for  flood-openings.  The  usual  span  of 
plate  girder  is  40  ft.,  and  that  for  Warren  girders  is  100  ft. 
But  in~large  rivers,  where  longer  spans  are  required,  Warren 
girders  of  200  ft.  span  are  constructed.  The  superstructuie 
is  of  an  ordinary  character,  as  shown  in  fig.  3.  When  the 
ground  is  of  a  substantial  material,  concrete  foundation  is  made 
and  masonry  piers  are  built,  but  in  case  of  soft  material  usu- 
ally biick  Walls  aie  sunk,  though  cast  or  wrought-iron  piers 
1  from  3  ft.  to  B  ft.  in  diameter")  aie  sometimes  constructed. 
While  iron  is  required  to  be  brought  from  Europe,  bricks  are 
manufactuied  in  every  part  of  the  country  :  thus  the  latter  is 
preferable  in  Japan.  "  The  brick  cylinder  foundations  for  large 
bridses  are  constructed  in  the  following  way  :  The  wells  are 
usuailv  built  to  rest  on  hard  stratum,  in"two*columns,  12  ft.  in 
external  diameter  and  2  ft.  thick,  differing  in  depth  from  30 
ft.  to  90  ft.  below  river-bed,  according  to  the  nature  of  the 
bed.  Through  the  whole  height  of  the  cylinder  tie  bolts  run, 
and  thev  are  fastened  to  the  curb-shoe,  whose  outer  side  con- 
stitutes "a  cutting  edge.  Below  the  ground  level  the  diameter 
of  the  wells  is  reduced  to  3  ft. ,  and  it  is  filled  with  concrete. 
From  this  level,  masonry  works  are  carried  up  to  the  outside 
of  the  eirders.  The  space  between  the  two  cylinders  is  arched 
over,  and  an  intermediate  wall  is  constructed.  To  sink  the 
wells,  first  the  brick-work  is  built  on  the  curb-shoe,  which 
is  alreadv  placed  in  its  position.  A  pair  of  the  cylinders 
forming  one  pier  is  usually  sunk  alternately  so  as  to  avoid  any 
^reat  difference  of  levels  of  the  wells  and  consequent  divergence 
from  the  vertical  plane.  In  order  to  excavate  inside  the  wells, 
Milrov's.  Webb's,  and  Bull's  dredgers  were  tried,  of  which  the 
last  proved  most  suitable  for  its  simplicity  and  ease  of  using. 
But  in  case  of  gravel  bottom  it  is  objectionable  on  account  of 
stones  being  caught  in  the  jaws  of  the  dredger,  which  causes 
difficulty  and  prevents  it  from  being  pulled  up  without  the 
contents  being  run  out.  It  is  usual  to  employ  a  simple  hand 
dredger  made  by  a  contractor,  which  is  skillfully  handled  by 
Japanese  workmen.  When  the  cylinders  are  sunk  to  proper 
position  they  are  filled  with  concrete. 

The  best  season  for  sinking  the  foundations  is  from  October 
to  the  following  May,  which"  is  the  time  when  the  autumnal 
floods  set  in  and  thevernal  floods  begin  from  the  thawing  of  ice 
and  snow  in  the  mountains. 

It  will  be  interesting  to  notice  the  cost  of  some  large  bridges 
on  Japanese  rail  ways.""  which  are  as  folio  v  - 


Saxes. 


Le   _-:•. 
.:.  Pee*. 


Total 


Cost  per 
Foot. 


Rokogfrgawa  Bridge  (Tokaido  Line) 1.650 

Banew-gawa                                             1,368 

Fujikawa                                               1-87J 

Abe-kawa                                                   1.830 

Oi-gawa                                                   S.339 

Tenrin-gawa        "                                  3,967 

Hamana  So.                                               1-578 

Yahagi-gawa                                           1.139 

Kiso-gawa  ....  '.  -   - 

Xassra-gaws.                                          --*-'-' 

Tebi  kawa                                              1.055 

Aicbi-gawa           '"                                  1.30o 

-    xiWa                                              1.769 

riwa                                                1-450 

:;.:-...;.'                                               1.197 

Upper  Kanzaki-ga^a  Bri '.                   1.297 

Lower 


D        ITS 

04^06 

■"    -- 

283.360 

80.874 

4    ■-'.- 

64.973 


K 

"    i   ■ 

-    -4 

-- 
279,921 


D      -.-- 

26S.58 

56.79 

44.19 
122  56 

57.04 
161.31 
137.Ce 
172.08 
43.50 
46.71 
60.71 
.    - 

i' "    -. 


The  tunnels  of  Japanese  railways  are  usuailv  for  a  single  line, 
except  some  short  tunnels  (on  Kobe-Osaka  Linei  under  rivers 
whose  beds  became  elevated  above  the  surrounding  grounds  by 
the  deposits  of  materials  brought  from  the  source.  The  cross- 
section  is  shown  in  fig.  4.     Generally  the  width  of  springing 
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of  arch  is  14  ft.,  and  the  height  from  rail  level  to  sotlit  of  arcli 
is  1  4  ft.  In  the  Usui-Toge  Railway  these  dimensions  were  made 
15  ft.,  as  a  larger  locomotive  of  tfie  Abt  system  was  designed 
for  that  steep  railway.  The  tunneling  may  be  briefly  Stated 
as  follows  :  At  first  the  to]>  headings  of  G  ft.  x  5  ft.  are  made. 
Then  the  excavations  to  the  full  dimensions  are  carried  on. 
This  is  done  both  by  rock  drills  and  hand  workings.  The 
archings  of  the  tunnels  are  from  2  rings  to  6  rings,  according 
to  the  nature  of  the  rock,  and  below  the  springing,  side  walls 
are  buili,  their  back  being  well  rammed  with  concrete  or  gravel 
puddle.  Ventilation  is  kept  by  means  of  fans  working  at  the 
end  of  a  long  wooden  tube  with  closed  doors.  The  portals  of 
the  tunnels  are  well  constructed  with  stones  and  bricks. 
The  following  list  gives  cost  of  principal  tunnels  : 


N  \  M  I   - 


Hakone-yama  No.  2  Tunnel  (Tok:iklo  Line) 

•:  Mo.  3 

Ishibe 

Isohama  " 

Makinohara  '* 

0>aka-yama  " 

Xak'ie  Tunnel  (Tokosaka Lino) 

Nnniama    "  

Yanagase-yama  Tunnel  (Tsuruga  Line). 


Length 

Total 

In  P(  l  1 

Cost. 

Dollars. 

1.892 

115,573 

1,084 

61  I7S 

131,411 

8,167 

210.87.) 

3,273 

213,017 

ilM 

203,264 

1,180 

31  SKI 

1,319 

H,795 

4,425 

425,499 

Coat  per 

Running 

Foot. 


Dollars. 
61.09 
60.03 
45. 8T 
66  58 
05.27 
98.  tO 
30.80 
81  69 
96.16 


rikisha  (a  carriage  drawn  by  a  main  is  used,  which  was  shown 
in  the  Chicago  Exposition.  The  iinrikisha  lias  also  been  in- 
troduced into  China  ami  India  from  Japan.  In  this  way 
manual  power  is  still  being  used  for  some  other  works.  It  is 
known  in  America  that  machine  is  ultimately  cheaper  than 
animal  or  man  power.  In  Japan,  too,  the  latter  is  gradually 
being  replaced  by  the  former. 

The  motive  power  at  present  used  in  the  country  is  as  fol- 
lows : 

<ji«»m  nrnrar  38  ooo  H    P    J  General  workshops,  26,000  H.  P.  ; 
'  ■    t   Mining.  12,000      " 


Water-power,    5,"0O  n.  P. 
43,700  II.  P. 


General  workshops.    3,100 
Mining,  2.600 


In  the  above  figures  the  power  used  for  the  propulsion  of 
railway  cars  and  steamships  is  not  included.  As  there  is  a 
convenient  supply  of  water  in  mining  districts,  water  power 
is  generally  used  there.  In  countries  like  Switzerland  and 
Japan,  where  there  is  a  natural  supply  of  energy,  it  is  economi- 
cal to  utilize  it,  especially  with  the  aid  of  electric  molois.  It 
is  owing  to  the  advancement  of  electrical  engineering  that  this 
problem  Is  now  entering  into  the  field  of  practical  engineer 
ing.  Thus,  water-power  can  be  derived  in  a  great  many  differ- 
ent ways — i.e.,  from  the  most  primitive  form  of  water-wheel, 
having  only  two  buckets — still  to  be  found  in  some  country 
districts  of  Japan— to  the  great  installation  of  turbines  and 
dynamos  at  the  Falls  of  Niagara.  An  example  of  an  artificial 
canal  for  deriving  water-power  is  seen  in  the  Kyoto  Canal 
Works,  which  were  illustrated  in  The  Railroad  and  En- 
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Of  the  average  cost  of  one  mile  of  Japanese  railways,  it  may 
be  mentioned  that  for  the  Imperial  Government  railways  the 
cost  (an  average  for  557.61  miles)  is  $63,475,  and  for  the  Niphon 
Railway  Company  the  cost  (an  aveiage  for  593.08  miles)  is 
$33,408.  The  former  has  more  bridges  and  tunnels  than  the 
hitter.  For  all  other  private  lines  a  fair  average  cost  per  mile 
maybe  said  to  be  from  $-|.">,im»"  to  S."ii),iMMI.  '  The  traffic  re 
ceipts  of  the  Imperial  Government  railways  is  $150  per  mile 
per  week,  and  that  for  the  Niphon  Railway  Company,  $90. 

MOTIVE   POWER    IN   JAPAN. 

The  Japanese  islands  are  generally  within  the  easy  reach  of 
Steamers,  and  there  are  main  trunk  lines  of  railways  almost 
completed  with  roads  connecting  important  towns  and  locali- 
ties which  are  gradually  improved.  In  some  cities  and  towns 
there  are  tramways.     But  in  every  part  of  the  country  jin- 


oiNKJiniNi.  JOURNAL  for  March,  1891.     This  work  is  calculated 
to  produce  3,000  II. P. 

Although  in  Europe  and  America  coal  is  generally  found  in 
the  carboniferous  strata,  it  is  not  the  case  in  Japan.  It  Is  seen 
from  the  marine  nature  of  the  strata  that  some  parts  of  the 
country  were  sunk  beneath  the  primeval  ocean,  and  had  not 
land  for  dense  vegetation.  In  rocks  of  the  Mesozoic  era, 
which  follow  the  carboniferous  strata,  some  coal  seams  are 
found,  but  they  are  not  valuable.  In  the  Cainozoic  strata,  es- 
pecially associated  with  tertiary  formation,  there  are  many 
important  coal  fields  which  are  scattered  in  various  parts  of 
the  country.  Among  these  fields,  those  in  Hokkaido  and 
Kiiishin  are  most  productive,  the  rich  seams  being  from  4  ft. 
to  8  ft.  thick.  In  these  coal  districts  coal  mining  has  been 
']  and  railways  built,  and  they  are  working  with 
great  success. 
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The  total  annual  production  of  coal  in  Japan  is  3,000,000 
tons.     Out  of  this  amount,  130,000  tons  are  used  for  railways, 
590,000  tons  for  steamships,  520,000  tons  for  workshops,  4V'  I  00 
tons  for  manufactures  of  salt,  and  the  remaining  1,350,000  tons 
are  exported  to  China,  India,  America,  etc. 

Besides  being  derived  from  coal,  power  has  another  source, 
namely,  forests,  from  which  wood  and  charcoal  are  obtained. 
The  quantity  of  wood  which  is  consumed  as  fuel  and  charcoal 
in  Japan  is  enormous,  amounting  to  47,400,000  tons  per  year. 
Out  of  this  amount,  40,000,000  tons  are  for  domestic  use, 
650,000  tons  for  the  manufacture  of  tea,  1,900,000  tons  for  the 
manufacture  of  silk,  4,850,000  tons  for  mining  and  smelting 
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works.  Thus  the  forests  are  the  principal  source  of  heat  and 
power  in  Japan.  But  it  is  a  well-known  fact  that  to  destroy 
the  forests  of  a  country  is  to  destroy  its  rivers,  so  that  proper 
care  is  now  being  given  to  them.  Theie  are  good  forests  in 
Central  Japan  and  thick  forests  in  Hokkaido,  which  are  not 
within  easy  reach  from  harbors  or  railways.  If  railways  be 
constructed  for  facilitating  the  transportation  of  wood  in  these 
forest  districts,  there  will  be  great  advantage.  It  is  hoped  that 
these  three  elements  of  power — i.e. ,  water,  coal  and  wood — will 
be  utilized  so  as  to  meet  the  requirements  in  various  parts  of 
the  country. 


THE  MOTIVE  POWER  REQUIRED  FOR  AN  ELEC 
TRIC  RAILWAY. 


L'lZUctricien  recently  published  a  long  article  on  the  elec- 
tric railway  running  from  Lyons  to  Oullins,  in  France,  in 
which  a  calculation  was  made  of  the  motive  power  required 
on  an  electric  tramway  using  the  overhead  trolley  wire.  The 
first  step  to  be  taken  is  to  settle  upon  the  frequency  with 
which  cars  are  to  start  from  the  two  ends  of  the  line,  as  well 
as  the  maximum  and  average  speeds  to  be  maintained.     When 


this  is  laid  down  graphically  the  number  of  cars  in  service  can 
be  readily  deduced.  The  calculation  of  the  motive  power  re- 
quired for  each  car  for  the  round  trip  is  based  upon  the  esti- 
mate of  20  lbs.  per  ton  for  resistances  on  a  level  track,  and 
10  lbs.  per  ton  for  each  1  per  cent,  of  gradient,  and  finally  by 
adjusting  the  power  required  so  as  to  adapt  it  to  the  speeds 
of  the  car  upon  the  grades  and  level  stretches.  If  then  we 
apply  the  formula  that  is  applicable  to  the  different  points 
along  the  line,  it  will  be  easy  to  construct  a  polygon  whose 
area  will  be  enclosed  between  lines  that  represent"  the  amount 
of  work  required  to  keep  the  car  in  motion.  By  referring  this 
to  the  graphical  representation  of  the  running  "cars  it  is  possi- 
ble to  determine  the  amount  of  power  required  by  each  car  at 
each  instant,  as  well  as  the  total  power  required  by  the  whole 
number  of  cars  at  the  same  instant.  If  the  matter  is  carefully 
done  these  calculations  should  be  made  at  one  minute  inter- 
vals for  a  round  trip.  In  this  way  we  will  find  the  maximum, 
the  mean,  and  the  minimum  power  required,  it  being  possible 
that  the  last  may  be  zero.  The  figures  thus  obtained  only  in- 
dicate the  power  which  must  be  applied  horizontally  to  the 
axles  of  the  cars.  In  order  to  obtain  the  power  which  will  be 
required  at  the  station  we  must  take  the  efficiency  of  the  dif- 
ferent portions  of  the  system  into  account,  and  this  may  be 
rated  as  follows  :  Motors  and  gearing,  70  per  cent.;  line,  90 
per  cent.;  generating  dynamo,  90  per  cent.;  steam-engine  and 
belting,  85  per  cent.;  giving  an  average  efficiency  of  48.2  per 
cent.  We  may,  therefore,  consider  that  we  utilize  about  50 
per  cent,  of  the  II. P.  indicated  at  the  cylinder  of  the  engine. 

Practically  these  calculations  are  very  quickly  made,  be- 
cause experience  has  shown  that  a  certain  number  of  kilo- 
watts will  be  required  for  a  given  number  of  cars,  and  that 
almost  entirely  independent  of  the  profile.  The  following 
figures  may  be  taken  as  typical  : 

Generating  dynamo,  60  kilowatts,  4  cars. 
100         "      6-7     " 

It  may  be  readily  understood  why  this  should  be  the  case, 
because  when  there  are  up  gTades  in  one  direction  they  become 
down  grades  on  the  return  trip,  and  the  car  will  require  no 
current  while  running  over  them.  The  calculations  wrill  be 
very  nearly  exact,  for  no  account  is  taken  of  the  times  when 
the  current  is  shut  off.  It  is  admitted,  too,  that  it  takes  as 
much  current  to  bring  a  car  from  a  standstill  up  to  speed,  as 
it  does  to  ascend  a  3  per  cent,  grade  at  a  speed  of  74  miles  per 
hour.  In  any  case  the  figures  obtained  by  this  method  of  cal- 
culation are  valuable,  because  they  show  the  great  variations 
in  power  that  may  occur,  and  that  the  regulation  of  the  steam- 
engine  should  be  very  sensitive  in  order  to  meet  the  sudden 
variations  in  load  to  which  it  is  subjected.  In  fact,  it  is  not 
an  uncommon  thing  in  the  central  stations  of  electric  tram- 
ways, to  have  the  needle  of  the  ampere  meter  vary  suddenly 
one  way  or  the  other  by  as  much  as  150  amperes.  It  is,  there- 
fore, desirable  to  know  the  relationship  that  exists  between  the 
maximum  and  the  mean  motive  power.  If  this  ratio  rises 
above  two,  as  occurs  in  lines  running  only  four  or  five  cars, 
the  best  steam-engine  to  use  is  one  of  the  high-speed  type, 
having  a  very  heavy  fly-wheel.  The  advantage  of  using  a 
high-speed  rather  than  a  low-speed  engine  for  such  work  as 
this  is,  of  course,  apparent  to  any  one  who  will  think  about 
it.  For  however  sensitive  the  valve  regulation  may  be  in  fix- 
ing the  point  of  cut-off,  it  acts  upon  the  admission  valve  and 
can  only  make  its  influence  felt  near  the  beginning  and  end  of 
the  stroke  ;  hence,  it  is  certainly  more  rapid  in  an  engine 
making  250  revolutions  per  minute  than  in  one  making  60. 

When  the  ratio  of  maximum  to  average  power  is  included 
between  11  and  2,  as  when  from  six  to  eight  cars  are  run,  a 
slower  engine  can  be  used  if  it  is  provided  with  a  very  heavy- 
fly- wheel.  Above  eight  cars  the  best  engine  to  use  is  one  of 
the  Corliss  type,  for  the  suddenness  of  the  variation  from 
maximum  to  minimum  is  greatly  reduced. 

These  opinions  have  recently  been  confirmed  by  a  visit  to  a 
central  station  of  an  electric  railway,  where  a  dynamo  of 
50  kilowatts  nominal  power  at  600  revolutions  is  driven  by  a 
steam-engine  running  120  revolutions  per  minute.  The  fly- 
wheel of  the  engine  is  very  small,  both  in  diameter  and 
weight  ;  under  these  conditions  it  is  easy  to  detect  a  variation 
of  50  per  cent,  in  the  speed  of  the  engine,  which  occurs  at 
regular  intervals  corresponding  to  the  stopping  and  starting 
of  the  cars  ;  yet  the  stops  being  fixed,  and  none  being  made 
on  signal,  the  variations  in  the  work  to  be  done  are  not  as 
great  as  would  occur  under  other  conditions. 

The  power  for  running  the  Lyons-Oullins  Railway  was  cal- 
culated in  this  way,  and  it  was  found  that  from  120-160  H.P. 
would  be  required  at  the  central  station  in  order  to  operate 
from  six  to  eight  cars.  Under  these  conditions  an  engine  of 
150  H.P.  was  required,  with  a  capability  of  rising  to  300  H.P. 
for  short  intervals  in  case  of  necessity. 
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TRANSMISSION  OF  POWER,  WITH  AN  ANALY- 
SIS OF  COMPOUND  AIR    COMPRESSORS. 


Iiv  A.  E.  Chodzko,  M.E. 


GENERAL    REMARKS   ON   TIIE    TRANSMISSION   OF   POWER. 

The  transmission  of  power  ranks  among  the  most  impor- 
tant subjects  which  have,  during  the  past  thirty  years,  en- 
gaged the  attention  of  the  engineering  profession.  This 
problem,  in  whatever  particular  form  it  occurs,  can  always 
be  reduced  to  the  following  general  terms  : 

To  convey  and  distribute  a  certain  amount  of  power  which 
can  be  more  conveniently  generated  at  some  distance  from  the 
points  where  it  is  used  than  it  would  be  in  their  immediate 
vicinity. 

This  class  of  questions  Is  a  direct  outcome  of  the  fact,  which 
needs  no  demonstration,  thai  a  large  aggregate  power,  if 
generated  at  a  great  many  different  points  and  in  small  amounts 
at  each  of  them,  is  more  expensive  to  produce  than  if  the 
whole  was  generated  in  a  single  motor.  Such  is  the  origin  of 
the  central  power  station,  and  the  problem  is  :  How  to  con- 
vey power  therefrom,  either  to  a  number  of  different  places  or 
to  one  other  single  place.  Any  practical  answer  to  this  ques- 
tion constitutes  a  system  of  power  transmission. 

A  system  of  power  transmission  is  essentially  formed  of  four 
distinct  elements  : 

1.  A  generator  of  power,  situated  at  a  central  station. 

2.  An  active  medium  wherein  this  power  is  concentrated, 
whose  object  is  to  transfer  it  to  its  destination. 

3.  A  conductor  or  passive  conveyer  of  this  medium. 

4.  Motive  apparatus  to  utilize  the  conveyed  energy. 

It  is  not  the  intention  to  enter  into  a  detailed  study  of  the 
various  systems  of  power  transmission  ;  both  the  quantity  and 
the  nature  of  the  problems  involved  in  such  a  work  exceed 
the  scope  of  the  present  paper,  and  only  an  outline  of  the  sub- 
ject will  be  offered. 

Six  principal  mediums  of  power  transmission  are  known  at 
present  whenever  the  distance  between  the  generator  and  re- 
ceptors exceeds  the  limits  of  a  factory.  These  are  :  (1)  Trac- 
tion by  wire  rope  ;  (2)  water  under  pressure  ;  (3)  steam  ;  (4)  gas  ; 
(5)  electric  current  ;  (6)  compressed  air. 

The  generation  of  power  is  effected  either  by  steam  or  by  a 
fall  of  water  ;  in  gas  transmissions  heat  is  also  a  primary  agent. 
But  if  one  considers  the  correlation  between  the  velocity  of 
motion  in  these  various  mediums,  over  conductors,  and  the 
size  of  these  conductors,  a  distinctive  line  may  be  drawn  be- 
tween the  rope  system  and  the  five  others — namely,  in  the  for- 
mer the  velocity  with  which  the  active  medium  is  carried  over 
a  conductor  does  not  in  any  way  affect  intrinsic  energy.  In 
other  words,  a  pull,  or  tractive  effort  of  100  lbs.,  exerted  at 
the  generator  end  of  a  teledynamic  transmission,  would  be  in- 
tegrally conveyed  by  the  rope  to  the  receptor  end,  whatever 
be  the  length  and  the  size  of  this  rope,  and  also  the  rapidity 
of  conveyance,  if  there  were  no  intermediate  sheaves  between 
the  two  ends  of  the  rope.  The  resistances  due  to  the  friction 
of  sheaves  or  to  the  flexure  of  the  rope  would  be  concentrated 
at  the  terminal  sheaves,  but  not  generated  at  the  conductor. 

The  result  is  that  a  high  efficiency  is  not  only  consistent 
with  high  velocity  and  a  small  conductor,  but  within  the  limits 
of  safety  and  of  resistance  ;  such  are  the  very  conditions  of 
high  etilciency  in  a  teledynamic  transmission,  because  a  high 
velocity  of  motion  means  a  small  tractive  effort  for  a  given 
power,  and  consequently  diminished  friction  in  their  bearings, 
and  a  reduced  size  of  rope  proportionally  reduces  stiffness  or 
resistance  to  bending. 

Some  remarkable  applications  of  this  system  have  been  in 
successful  operation  for  a  number  of  years  past.  More  recent 
and  no  less  important  illustrations  are  found  in  the  cable  roads 
and  in  the  various  systems  of  aerial  ropeways  for  transporting 
ore  and  the  like. 

Taking  now  the  five  mediums  for  transmitting  power,  one 
finds  water,  steam,  gas  and  compressed  air.  The  energy  of 
these  mediums  obtainable  at  the  points  of  application,  com- 
pared with  energy  at  the  generator  end,  is  directly  affected  by 
the  size  of  the  conductors  and  the  rapidity  of  motion  of  the 
active  medium,  and  the  resistance  occurs  on  the  whole  length 
of  the  conductors,  increasing  with  their  length  ;  here  a  con- 
dition of  high  efficiency  for  a  given  power  and  a  given  size  of 
conductor  is,  that  the  velocity  of  the  active  medium  be  limited 
to  a  point  beyond  which  this  efficiency  falls  rapidly. 

The  resistance  to  the  free  flow  of  an  electric  current  is  also 
greatly  affected  by  the  size  of  the  conductor,  and  varies  in 
versely  with  the  size,  and  proportional  to  the  length. 

The  above  distinction  between  the  first  system  and  the  five 
others  should  not  be  construed  as  a  criticism  of  the  general 


efficiency  of  each  system,  but  only  as  a  peculiar  feature  in- 
herent to  the  different  natures  of  the  active  mediums. 

Present  knowledge  of  the  subject  does  not  permit  us  to  for- 
mulate limitations  of  distance  to  which  the  power  can  be  trans- 
mitted. We  are  no  doubt  on  the  eve  of  important  develop- 
ments in  this  respect,  and  the  results  of  the  contract  between 
the  Niagara  Cataract  Company  and  the  State  of  New  York 
for  a  300-milo  electrical  transmission  will  be  eagerly  watched 
by  the  engineering  world.  What  the  future  has  in  store  from 
the  discoveries  of  Nikola  Tesla  and  others  is  now  a  matter  of 
speculation. 

So  long  as  the  distance  is  not  great  between  a  generator  and 
the  receptor,  any  one  of  the  above  systems  may  be  applied. 
No  absolute  rule  could  be  given  suitable  to  all  cases,  as  a 
guide  in  the  selection  between  them,  because  no  such  rule  ex- 
ists ;  the  distance  of  transmission  is  but  one  of  many  condi- 
tions to  be  considered.  There  are  cases  in  which  water  has  an 
uncontested  superiority  over  an  elastic  aud.compressible  power 
medium. 

The  following  statements  are  therefore  applicable  to  the 
general  problem  of  power  transmission,  and  remain  open  to 
possible  exceptions. 

When  the  distance  is  3  or  4  miles,  the  choice  between  the 
systems  of  power  conveyance  is  narrowing  down,  and  when 
power  is  to  be  transmitted  10  or  20  miles,  electricity  and  com- 
pressed air  appear  to  be  the  most  advantageous.  One  class  of 
applications  exist  which  hare  been  the  subject  of  exhaustive 
experiments  and  have  furnished  some  highly  valuable  and 
positive  data — the  distribution  of  power  over  a  concentrated 
field,  as  in  cities. 

In  this  case  the  central  station  and  each  receptor  are  not  con- 
nected in  the  most  direct  way,  but  a  main  conductor  is  spread 
out  into  branches  involving  numerous  changes  in  the  direction 
of  the  course  or  flow.  These  circumstances  render  rope  trans- 
mission impracticable.  Water  is  also  unsuited  on  account  of 
the  loss  of  pressure  and  contraction  of  the  passages.  The 
danger  of  frost  is  also  an  impediment  in  most  places.  The 
choice  is  therefore  between  steam,  gas,  electricity  and  com- 
pressed air. 

Changes  of  temperature  have  much  influence  upon  the 
energy  of  steam,  while  gas,  electricity  and  compressed  air  are 
unaffected  by  temperature.  But  aside  from  this  fact,  which 
is  a  serious  objection  to  steam  transmission,  all  fluids  under 
tension  confined  within  conductors  are  liable  to  escape  and 
waste,  causing  a  direct  loss.  In  the  case  of  steam  such  loss 
occurs  by  leaks  and  heat  radiation.  With  gas,  by  leaks  only. 
With  electricity,  all  over  the  conductor  if  a  contact  occurs 
with  some  other  body.     With  compressed  air,  by  leaks  only. 

Complete  insulation  of  the  conductor  is  required  in  electrical 
transmissions  .  with  air  and  gas  the  joints  alone  have  to  be 
guarded.  Steam  requires  both  close  joints  and  insulation  or 
covering  to  prevent  radiation. 

The  effects  of  leakage,  besides  the  loss  of  energy,  involve 
personal  danger,  damage  to  surroundings  and  property  by 
In  at  and  moisture,  eventual  danger  of  fire.  With  gas,  there 
is  danger  of  personal  injury,  danger  of  fire  and  explosion. 
With  electricity,  danger  of  personal  injury,  serious  danger  of 
fire  if  contact  exists  between  conductors  and  their  surround- 
ings. With  compressed  air,  no  bodily  injury,  no  danger  of 
fire.  The  pre  heater  used  in  connection  with  the  receptor  is  a 
small  apparatus  under  easy  control,  because  it  is  in  operation 
during  working  time  only.  In  this  respect  c  m pressed  air  is 
distinctly  superior  to  other  mediums  of  transmission. 

Investigating  next  what  becomes  of  the  transmitting  medium 
after  it  has  performed  its  work,  one  finds  :  Steam  has  to  be 
condensed  or  conducted  into  the  atmosphere  clear  of  all  sur- 
roundings. Gas  is  deleterious,  and  must  also  be  conducted 
clear  of  surroundings.  Electricity  has  no  objectionable  effects 
so  long  as  insulation  is  effective.  Compressed  air  produces 
beneficial  effects  by  a  supply  of  fresh  air  in  the  premises,  and 
by  utilization  for  various  purposes. 

One  feature  wherein  compressed  air  stands  above  all  other 
moans  of  power  conveyance  is  in  the  possibility,  when  employ- 
ing proper  apparatus,  of  obtaining  a  practically  perfect  work- 
ing efficiency.  The  result  is  mainly  due  to  the  fact  that  it  is 
possible  to  introduce  additional  energy  before  using  in  a 
motor  or  engine,  and  this  is  done  with  no  objection  or  expense 
worth  considering.  Compressed  air.  therefore,  presents  more 
elements  of  economy,  safety  and  convenience  than  any  other 
medium  of  power  conveyance  in  a  city  or  circumscribed  dis- 
trict. From  the  consumer's  standpoint  its  advantages  are  even 
greater  than  the  engineer's. 

Experience  has  shown  that  an  air  motor  will  start  instantly 

after  any  length  of  stoppage,  which  is  seldom  the  case  with  a 

:u  engine,  and  still  less  with  a  gas  engine.     The  absence 

of  the  noise  and  offensive  odors  is  a  great  advantage,  also  the 

saving  of  space  and  the  reduction  of  Insurance  rates  makes  an 
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air  motor  a  typical  one|for  small  industries,  especially  for  work 
carried  on  in  workmen's  houses  or  small  workshops.  The  ori- 
gin of  fires  in  industrial  buildings  is  commonly  traced  to  a 
boiler-room  in  the  basement. 

In  addition  to  transmitting  power,  the  exhausted  air  can 
either  remain  at  the  outside  temperature  and  ventilate  a  room 
or  shop  where  the  work  is  done,  or  in  the  cold  season  the  fresh 
air,  by  adjustment  of  the  point  of  cut-off,  can  escape  at  any 
warmer  temperature  desired. 

On  the  other  hand,  as  pointed  out  by  Professor  A.  W.  B. 
Kenned}',  is  the  case  of  a  Paris  restaurant  where  compressed 
uir,  after  actuating  an  electric-light  plant,  was  exhausted 
through  a  brick  flue  into  the  beer  cellar  ;  in  this  flue  the 
carafes  were  set  to  freeze,  and  large  molds  of  block  ice  were 
made  for  table  use,  while  the  air  was  still  cold  enough  in  pass- 
ing away  through  the  beer  cellar  to  render  the  use  of  ice  for 
cooling  quite  unnecessary  even  in  the  hottest  weather. 

The  advantages  of  this  mode  of  power  transmission,  it  is 
strange  to  say,  are  little  known,  and  erroneous  ideas  prevail 
about  the  efficiency  of  air  as  a  motive  medium. 

AIR   COMPRESSORS. 

Up  to  a  comparatively  recent  date,  applications  for  com- 
pressed air  were  confined  to  mining  and  tunnel  works,  mainly 
in  rock  drilling,  and  less  frequently  in  driving  underground 
hoisting,  haulage  or  ventilating  plants.  As  a  rule  all  the  ma- 
chinery constituting  the  motive  machines  employed  was  of  the 
crudest  and  most  uneconomical  description.  In  both  rock 
drills  and  underground  engines  the  air  was  used  with  little  or 
no  expansion,  and  allowed  to  escape  at  a  high  pressure. 

In  the  course  of  his  investigations  on  the  subject  of  power 
transmission,  Professor  Riedler  quotes  the  efficiency  of  small 
mining  plants  as  reaching  only  10  to  15  per  cent,  of  the  power 
applied  to  the  compressors.  Even  in  large  tunnel  works, 
where  high-class  single-stage  compressors  were  used,  the  pro- 
portions of  22  to  32  per  cent,  were  for  a  long  time  considered 
as  the  best  efficiency  obtainable  in  the  practice,  according  to 
whether  the  air  pressure  was  high  or  low,  and  the  logical  con 
elusion  of  this  was  that  low  air  pressure  was  an  element  of 
high  efficiency. 
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Fig.   1. 

The  heating  of  the  air  prior  to  its  use  in  engines  permitting 
complete  expansion  led  to  a  high  initial  pressure,  since  a  given 
amount  of  work  became  available  from  a  small  volume  of  air. 

Such  high  pressure  permitted  smaller  mains  for  conveying 
the  air  from  the  compressors  to  the  motor— another  cause  of 
economy  in  first  cost  of  air-transmission  plants — but  this  econ- 
omy covdd  not  have  been  maintained  through  the  whole  sys- 
tem with  single  stage  compressors,  or  when  compression  is 
performed  in  one  cylinder.  Experience  has  shown  that  while 
p  t  1.4  =  constant  is  the  symbol  of  adiabatic  compression, 
and  p  v  —  constant,  the  symbol  of  isothermal  compression,  the 
most  perfect  cooling  arrangements  used  in  air  compressors  can- 
not give  a  better  result  than  p  v  1.2  =  constant.  A  single 
stage  compressor  with  spray  injection  shows  0.845  as  the  high- 
est attainable  efficiency  for  seven  atmospheres  absolute,  the 
efficiency  of  an  isothermal  compressor  for  the  same  terminal 
pressure  being  1. 

What  preheating  had  done  at  the  motor  end  of  the  trans- 
mission was  effected  at  the  generator  end,  although  to  a  less 
degree,  by  the  multiphase  expression— i.e.,  by  compressing 
successively  into  several  cylinders,  and  also  by  the  use  of  a 
positive  motion  of  the  valves.  This  class  of  machines,  known 
by  the  name  of  compound  compressors,  must  be  considered  as 
an  essential  and  imperative  element  in  the  compression  of  air. 
The  efficiency  of  a  triple  compound  compressor  for  the 
above-quoted  terminal  air  pressure  would  be  found  equal  to 
0.95. 

0  It  maybe  safely  asserted  that  except  for  moderate  pressures, 
or  when  the  question  of  economy  of  power  is  clearly  super- 
seded by  considerations  of  first  cost  and  the  simplicity  of  the 
plant,  the  compound  machine  must  be  regarded,  not  as  it  often 
is,  an  object  of  unnecessary  perfection,  but  as  the  rational 
type  of  modern  compressors.  This  fact  had  been  recognized 
by  the  pioneers  of  compound  compression  in  America,  the  Nor- 
walk  Iron  Works  of  South  Norwalk,  Conn.,  and  it  is  credit- 


able to  them  to  have  pointed  out,  at  a  time  when  this  subject 
was  imperfectly  known,  that  the  exception  should  be  the  sin- 
gle and  not  the  compound  compressor. 

It  has  been  thought  that  a  summary  of  the  principles  of 
compound  compression  would  prove  of  interest,  and  it  is  the 
subject  of  the  second  part  of  the  present  paper.  While  the  use 
of  thermodynamical  formula  is  unavoidable,  the  following  de- 
velopments are  offered  in  such  a  form  that  ordinary  mathe- 
matical knowledge  will  render  their  perusal  easy. 

COMPOUND   AIR   COMPRESSORS. 

As  stated  in  what  precedes,  the  most  successful  way 
of  increasing  the  efficiency  of  air  compressors  is  by  compound- 
ing the  cylinders,  or  by  a  distribution  of  the  total  work  re- 
quired in  compression  between  several  distinct  cylinders. 

The  principle  of  compound  compression  can  be  described  as 
follows  :  Suppose  that  a  certain  volume  of  air  at  a  tempera- 
ture .  T„  is  to  be  raised  from  a  pressure  P„  to  a  pressure 
P,  Fa  being  most  commonly  the  atmospheric  pressure  of  14.7 
absolute  pounds  per  square  inch. 

In  ordinary  or  single-stage  compressors  the  free  air  is  intro- 
duced and  compressed  in  one  cylinder,  and  then  delivered 
directly  into  a  receiver.  In  the  compound  machine  this  air  is 
compressed  in  a  first  cylinder  from  its  initial  pressure  P0  to  a 
certain  pressure  Pi,  smaller  than  the  terminal  pressure  P ; 
there  will  be  a  certain  amount  of  heat  generated  by  this  com- 
pression, less,  however,  than  in  a  single  cylinder  machine. 

The  air  at  pressure  P  is  forced  from  the  first  cylinder  into  a 
refrigerator,  wherein,  without  losing  its  pressure,  it  is  cooled 
dosvn  to  its  primitive  temperature  T»,  its  volume  being  reduced 
accordingly.  It  then  enters  a  second  cylinder,  where  it  is 
compressed  from  P,  to  another  pressure,  Pi,  still  smaller 
than  P,  then  cooled  down  again  to  T„,  and  so  on  compressed 
by  successive  stages  until  the  final  pressure  Pis  reached,  and 
the  air  delivered  from  the  last  cylinder  into  the  receiver. 

Compound  air  compressors  thus  consist  of  any  number  n  of 
cylinders,  whose  size  is  gradually  decreasing,  with  (n  —  1) 
coolers  interposed  between  them,  the  air  being  always  cooled 
down  to  its  primitive  temperature  before  passing  from  one  cyl- 
inder to  the  next.  The  diagram  (fig.  1)  represents  this  series 
of  successive  compressions  and  of  intermediate 
coolings. 

The  result  of  this  combination  is  that  the  total 
heat  of  compression  to  be  got  rid  of  is  divided 
into  several  fractions,  the  series  of  cylinders  pre- 
senting to  the  cooling  water,  destined  to  absorb 
this  heat,  a  greater  surface  than  would  a  single 
cylinder,  and  the  air  being  always  cold  when  en- 
tering any  cylinder  in  the  series. 

There  is  not,  at  a  first  glance,  any  special 
rule  governing  the  size  of  the  successive  cyl- 
inders, and  consequently  the  values  of  the  inter- 
mediate pressures,- and  these  quantities  might  be  chosen  at 
random,  but  when  adding  the  partial  amounts  of  heat  gen- 
erated in  the  successive  cylinders,  their  sum,  which  represents 
the  total  heat  of  compression,  and  consequently  the  total 
work,  would  not.  of  course,  be  the  same,  whatever  might  be 
the  sii.es  of  the  cylinders,  and  since  accepting  the  complication 
due  to  their  larger  number,  it  is  expedient  to  know  whether 
certain  particular  sizes  and  intermediate  pressures  do  not  give 
a  minimum  value  for  the  total  work  of  compression. 

Compounding  has  so  far  been  done  with  two  successive  cyl- 
inders, and  one  intercooler  for  usual  air  pressures  ;  however, 
three  cylinders  are  employed  for  high  pressures,  and  the  prin- 
ciple pf  compound  compression  being  independent  of  the  num- 
ber of  cylinders,  the  question  will  first  be  solved  generally. 
Calling  : 

J  the  Joule's  equivalent  =  772. 
IF  the  weight  of  air  introduced  in  the  first  cylinder. 
0  the  specific  heat  of  air  at  constant  pressure  =  0.2377. 
2*o.  7*i ■  2a 7',,  the  absolute  temperatures  correspond- 
ing respectively  to  the  absolute  pressures. 

P„,  P,,  P, Pthe  absolute  initial  pressure  in  each  re- 
spective cylinder,  the  total  adiabatic  work  (compression  and 
delivery)  effected  in  the  first  cylinder  will  be  : 

J  WC(Ti  -  T„)  =  J  WC  2*o  (  -  -  lj 


The  total  work  in  the  second  cylinder  will  be 

T, 

T„ 
in  the  third  cylinder  : 


JWOTa(^-l) 


376 


THE    AMERICAN    ENGINEER 


[August,  1804. 


j  w  i  r 


e  -  o 


anil  iu  the  ;tth  or  hist  cylinder  : 


■JWC  T„ 


e-o 


Since  the  initial  temperature  Ta  is  the  same  in  all  cylinders, 
as  J  W  V  are  constant  quantities,  and  as  /',,  being  the  tem- 
perature of  the  atmosphere,  can  also  be  considered  as  constant 
at  a  given  place  and  time,  the  minimum  amount  of  work  will 
he  developed  when  the  sum  of  the  partial  work  is  a  minimum, 
or  when 

<T,+  T,+  T3  + +  7-,) 

is  a  minimum. 

Now  1.4  heing  the  ratio  of  the  specific  heals  of  air  at  con- 
stant pressure  and  at  constant  volume,  we  know  that  in  adia- 
batic  compression  the  ratio  of  the  final  to  the  initial  ahsolute 
temperature  is  equal  to  the  ratio  of  the  final  to  the  initial 
pressure,  raised  to  the  power  "•'*"'.  Writing  this  relation  for 
every  one  of  the  (»)  cylinders  of  a  compound  compressor,  and 
multiplying  respectively  the  first  and  second  members  of  these 
(»)  equations,  we  find  that  the  product  of  the  terminal  tem- 
peratures depends  solely  upon  the  initial  temperature,  the  at- 
mospheric pressure  and  the  receiver  pressure — i.e.,  that  this 
product  is  constant  in  each  particular  case. 

But  the  sum  of  a  number  of  variable  and  positive  factors, 
whose  product  is  constant,  becomes  a  minimum  when  these 
factors  are  equal  ;  the  total  work  of  a  compound  compressor 
will  therefore  be  as  small  as  possible  when  the  initial  and  final 
temperatures  are  the  same  in  all  the  cylinders,  or,  in  other 
words,  when  the  total  work  is  equally  divided  among  all  the 
cylinders,  whatever  be  their  number.  As  before  stated,  the 
two-cylinder  compound  is  by  far  the  most  commonly  used, 
and  it  shall  be  dealt  with  more  particularly. 

Without  developing  the  details  of  the  calculations,  it  shall 
be  stated  that  in  this  compressor,  which  has  one  intercooler, 
the  first  cylinder,  into  which  the  compression  begins,  is  called 
the  low-pressure  cylinder,  and  the  second  cylinder,  wherein 
the  compression  is  completed,  is  termed  the  high-pressure  cyl- 
inder. 

The  intercooler  pressure  must  be  a  mean  proportional  be- 
tween the  atmospheric  and  the  receiver  pressures — i.e. .  if  P, 
designates  the  absolute  intercooler  pressure,  P„  and  P  the  at- 
mospheric and  receiver  pressures,  we  must  have  : 


P,   =    V  P  Po. 

The  volume  V„  of  the  L.  P.  cylinder  and  the  volume  V,  of 
the  II.  P.  cylinder,  in  which  the  initial  temperature  is  the 
same,  are  connected  by  the  isothermal  relation  : 


"-"f/y 


If  the  stroke  of  both  these  cylinders  is  the  same,  winch  is 
generally  but  not  necessarily  the  case,  the  equal  repartition 
of  the  total  work  between  them  leads  to  conclude  that  at  any 
point  of  the  stroke  the  loads  on  both  pistons  arc  equal  ;  and  if 
we  compare  the  terminal  load  <<u  the  piston  of  an  ordinary  com 
pressor  to  the  aggregate  terminal  load  of  a  tandem  compound 
machine  raising  tin-  air  to  the  same  receiver  pressure,  the  ratio 
of  the  former  to  the  latter  will  be  found  equal  to  : 


V- 

y  4  p., 


i 


+  ■ 


P  and  Pa  being,  as  above,  the  absolute  receiver  and  atmos- 
pheric pressures,  if  P  =  Po — i.e.,  if  there  is  no  compression  at 
all.  this  formula  becomes  equal  to  1. 

Comparing  now  the  work  developed  in  a  single  cylinder  and 
in  an  equivalent  compound  set,  we  shall  find  that  when  the 
ratio  of  the  receiver  pressure  to  the  atmosphere  is  : 

5        G        7        8        9 

and  if  the  work  developed  in  the  compound  is  1,  the  adiabatic 
work  with  no  cooling  in  the  single  cylinder  is  respectively  : 

1.131        1.147        1.16        1.175        1.185, 
showing  a  gain  in  favor  of  the  compound  of  : 

11.6*        12.8*        13.8?        14.9*        15.9*,- 
which  increases,  therefore,  with  the  receiver  pressure. 


If  the  cooling  during  compression  is  as  perfect  as  practicable 
— i.e.,  if  the  compression  curve  is  p  a>1-s  =  constant,  the  work 
of  the  compound  being  1,  the  work  of  the  single  cylinder  is 
respectively  for  the  above  receiver  pressures  : 

1.0G9        1.081        1.089        1.095        1.102, 

showing  a  gain  In  favor  of  the  compound  compressor  of 

6.4*        7.5*        8.2*        8.7*        9.2*. 

When  the  cylinders  are  cooled  externally  by  means  of  a 
jacket,  winch  is  an  almost  general  practice  in  America,  the 
percentage  of  work  gained  by  the  use  of  a  compound  com- 
pressor can  be  taken,  with  a  convenient  degree  of  approxima- 
tion, as  : 


8.95* 


11*        11.8*        12  5*. 


These  figures  show  that  the  economy  of  compounding  for 
the  usual  air  pressures  ranges  from  10  to  12  per  cent.,  by  no 
means  a  neglectable  quantity,  especially  for  compressors  of 
great  power. 

It  may  be  here  noticed  that  the  preceding  results  were  based 
upon  the  assumption  that  no  variation  of  pressure  occurred 
between  the  two  cylinders  ;  in  practice  the  capacity  of  the  in- 
tercooler has  some  influence  upon  the  intermediate  pressures, 
comparable,  to  some  extent,  to  the  "  drop"  that  takes  place  in 
the  receiver  of  a  compound  steam  engine. 

The  relative  connections  of  the  pistons— i.e.,  either  tandem 
set  or  quartering,  also  affects  these  variations  of  pressure, 
whose  effect  is  to  impair  the  equal  repartition  of  the  total  work 
between  the  cylinders. 

These  points,  whose  close  investigation  would  belong  to  a 
didactic  treatise  on  the  construction  of  air  compressors,  can 
only  be  mentioned  here. 

It  will  be  found  that  the  gain  increases  with  the  number  of 
stages  adopted  for  the  compression  ;  but  it  should  also  be 
borne  in  mind  that  the  various  resistances  increase  with  the 
number  of  cylinders,  to  say  nothing  of  the  cost  of  purchase 
and  maintenance  ;  discrimination  must  therefore  be  used  in 
combining  these  conflicting  elements,  and  it  is  hardly  probable 
that  the  use  of  a  triple  compound  machine  woidd  be  advisable 
as  long  as  the  terminal  pressure  does  not  reach  9  atmospheres 
absolute,  and  even  then  unless  the  compressor  be  of  consider- 
able power.  But  as  a  rule,  and  in  all  cases,  it  appears  that  the 
single  stage  compressor  absorbs  more  woik  than  the  compound 
to  produce  a  given  amount  of  air  at  a  given  pressure.  v 

Summing  up  the  above  conclusions,  we  see  that  compound- 
ing increases  the  efficiency  of  a  compressor  on  two  distinct 
grounds  :  In  the  first  place,  the  heat  generated  during  the 
process  of  compression  is  thus  more  readily  absorbed,  because 
the  aggregate  cooling  area  is  larger  in  the  compound,  whose 
L.  P.  cylinder  is  always  the  same  as  the  cylinder  of  the  single- 
stage  compressor  of  the  same  capacity  and  piston  velocity,  and 
also  because  the  amount  of  heat  subject  to  the  action  of  this 
cooling  area  is  smaller. 

This,  however,  is  not  the  only  advantage  ascribable  to  the 
compound  machine  ;  it  has  also  been  shown  that  the  maximum 
piston  load  was  less  in  this  latter  compressor  than  in  the 
former.  The  result  thereof  will  be  best  understood  in  a  prac- 
tical illustration. 

Fig.  2  represents  the  adiabatic  cards  of  a  12"  X  16"  single- 
stage  machine,  and  of  a  taudem  compound  (12"  -+-  7|")  X  16", 
both  compressing  to  70  lbs.  gauge  ;  it  also  shows  the  expan- 
sion curve  in  a  12"  X  16"  steam  cylinder,  developing  with 
-team  at  80  lbs.  gauge,  a  work  equal  to  that  of  the  single-stage 
air  cylinder. 

These  cards,  which  are  theoretical,  do  not  show  the  varia- 
tions of  pressure,  but  the  effective  loads  on  the  piston-rod, 
either  of  the  single-stage  air  cylinder  or  of  the  tandem-com- 
pound set  of  air  cylinders,  or  of  the  single  steam  cylinder,  and 
they  will  serve  for  the  comparison  of  two  direct-acting  steam 
compressors,  one  of  them  in  the  single  stage  and  the  other  in 
the  compound  system. 

As  we  know,  these  cards  show  a  less  aggregate  piston  load 
in  compound  set  than  in  the  single  air  cylinder,  and  as  the  ini- 
tial loads  are  the  same  range  of  variation  is  less  in  the  com- 
pound, hence  already  a  reduction  in  the  size  of  the  piston  rods 
and  also  of  the  crank-pin  and  connecting-rod.  But  it  will  be 
noticed  that  the  compound  curve  has  a  sharper  rise,  since  the 
maximum  load  BO  is  reached  at  the  point  7  of  the  stroke, 
while  in  the  single  cylinder  this  same  load  is  only  reached  at 
the  point  J1. 

The  result  of  it  is  that  during  this  portion  of  the  stroke, 
which  precedes  the  points  of  equal  loads  in  the  two  com- 
pressors— that  is  to  say,  the  point  of  intersection  of  the  steam 
and  air  curves,  the  difference  between  the  loads  on  the  steam 
and  air  pistons  is  smaller  in  the  compound,  where  it  is  S  V, 
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than  in  the   single-cylinder  compressor,  where  at  the  same 
point,  7' of  the  stroke,  the  difference  is  S  U. 

The  same  may  be  said  for  the  second  portion  of  the  stroke, 
except  in  the  region  I  J1,  but  here  the  discrepancy  is  unim- 
portant, the  piston  loads  being  but  little  at  variance  in  the  two 
compressors,  and  this  region  corresponding  precisely  to  the 
maximum  velocity  of  the  pistons.  As  the  mass  of  moving 
pieces,  whose  momentum  is  resorted  to  for  securing  a  regular 
motion,  is  a  direct  function  of  the  actual  difference  between 
the  loads  on  the  steam  and  air  pistons,  we  see  that  lighter 
pieces  will  be  required  in  the  compound  than  in  the  single 
compressor. 


Stnjf 


CWip-Irr 


It  might  be  observed  that  the  work  absorbed  in  compression 
being  less  in  the  compound,  a  smaller  steam  cylinder  should 
be  used  ;  actual  practice  shows,  however,  that  the  same  size 
of  steam  cylinder  is  adopted  for  a  given  dimension  of  the  L.  P. 
campound  or  of  the  single  air  cylinder,  the  point  of  cut-off 
being,  of  course,  variable. 

A  longer  expansion  of  steam,  combined  with  a  less  weight 
of  machinery,  concur  in  winning  for  the  compound  compressor 
the  deserved  claim  of  being  a  better  balanced  and  more  eco- 
nomical machine  that  the  single-stage  compressor. 

The  determination  of  the  size  of  the  intercooler  in  various 
cases,  the  influence  of  the  valve  areas  and  of  the  arrangement 
of  the  cylinders  upon  its  proportions,  the  computation  of  the 
amount  of  cooling  water,  and  a  study  of  the  positive  valve 
motion,  are  as  many  subjects  of  piaclical  interestVhich  should 
be  dealt  with  in  a  complete  investigation  of  the  compound 
compression,  but  whose  treatment  would  extend  the  size  of 
this  paper  beyond  reasonable  limits. 

The  above  developments  will,  it  is  hoped,  suffice  to  show 
that  the  economical  production  and  utilization  of  compressed 
air  are  governed  by  very  precise  rules,  and  favored  by  such  an 
array  of  practical  advantages  that  its  extensive  use  as  a  means 
of  transmitting  motive  power  seems  to  present  itself  foremost 
among  the  prospects  of  a  near  future. — Industry. 


MARINE    NOTES. 


Draining  of  the  Zuyder  Zee.— The  royal  commission  of 
Holland,  which  has  for  a  long  time  been  engaged  in  draining 
the  Zuyder  Zee,  has  just  completed  its  work.  Twenty  one 
members  out  of  26  approve  of  the  project.  The  surface  to  be 
drained  is  about  72,782  acres,  whose  value  is  placed  at  $130,- 
000,000.  The  total  expense  is  placed  at  |106,000,000,  which 
includes  the  expense  of  works  for  protection  and  the  payment 
of  indemnities  to  fishermen  in  the  Zuyder  Zee.  The  drainage 
will  be  accomplished  after  the  construction  of  a  dike  uniting 
Holland  with  the  western  point  of  Friesland.  The  commis- 
sion is  unanimous  in  recommending  the  execution  of  this  work 
to  the  Government. 

The  "  Priscilla."— The  new  Fall  River  steamer  Priscilla  is 
now  in  commission,  and  making  regular  trips  between  Sre 
York  and  Fall  River.  The  vessel  is  one  of  the  finest  running 
out  of  New  York  Harbor.  It  was  built  under  the  personal 
supervision  of  Mr.  G.  Pierce,  Supervisor  of  the  Old  Colony 
Railroad  Company.  Her  hull  is  constructed  of  steel,  with  a 
double  bottom,  having  50  water-tight  compartments.  Besides 
which  the  hull  is  divided  above  the  inner  bottom  and  at  the 


ends  of  the  vessel  by  means  of  bulkheads  extending  to  the 
main  deck,  and  by  flats  into  6  additional  water-tight  compart- 
ments, making  62  in  all.  The  main  engine  is  a  double-inclined 
compound  surface-condensing  type  of  8,500  maximum  H.P. 
There  are  two  high-pressure  cylinders  each  51  in.  in  diameter, 
side  by  side  forward  of  the  main  shaft,  and  two  low-pressure 
cylinders  each  95  in.  in  diameter  side  by  side  aft  of  the  main 
shaft,  all  having  a  stroke  of  11  ft.  The  vessel  is  equipped 
throughout  with  Blake  pumps.  The  paddle-wheels  are  of 
the  feathering  type.  35  ft.  in  diameter  outside  of  the  buckets. 
There  are  13^urved  steel  buckets  in  each  wheel,  each  bucket 
being  5  ft.  deep  by  14  ft.  wide.  The  main  boilers  are  10  in 
number,  of  the  single-ended  Scotch  type, 
and  were  built  for  a  maximum  steam  pres- 
sure of  150  lbs.  There  are  five  decks- 
main,  saloon,  gallery,  break  and  dome — on 
which  are  located  361  state-rooms  for  pas- 
sengers and  35  officers'  rooms,  making  a 
total  of  396  state-rooms.  The  style  of  dec- 
oration throughout  the  greater  part  of  the 
steamer  is  that  of  pure  Italian  Renaissance. 
The  quarter-deck  is  very  spacious,  with  a 
floor  laid  in  marble  mosaics.  From  the 
quarter-deck  the  grand  staircase  leads  to 
the  main  saloon.  It  is  made  of  solid  ma- 
hogany, with  strings  of  railing  of  wrought 
iron.  Here  are  the  ticket  office,  barber 
shop,  coat-room  and  entrance  to  the  dining- 
room  lobby.  The  walls  of  the  quarter-deck 
are  finished  with  mahogany  and  ornaments 
and  panels  of  papier  mache,  representing 
by  gToups  of  figures  in  low  relief  commerce, 
arts  and  sciences.  The  cost  of  the  vessel 
was  $1,500,000.  She  is  licensed  to  carry 
1,500  passengers.  The  following  are  some 
of  the  principal  dimensions  of  the  vessel  : 

Length  over  all 440  ft.  0  in. 

Length  on  water-line 424  ft.  0  in. 

Beam  on  water-line 52  ft.  6  in. 

Width  over  guards 93  ft.  0  in. 

Depth 20  ft.  6  in. 

Draft,  loaded 13  ft.  0  in. 

Displacement  tonnage,  loaded 5.200  tons 

Engines,  type Double  inclined  compound 

Engines,  H.P 8,500 

Cylinders,  2  H.  P 4  ft.  3  in.  X  11  ft. 

Cylinders,  2  LP 7  ft.  11  in.  X  11  ft. 

Paddle-wheels,  diameter 35  ft. 

Boilers,  tvpe Scotch  or  marine 

Boilers,  number.  10  II.  P 8.500 

Grate  area 850  gq.  ft. 

Heating  surface 34,700  sq.  ft. 

Speed 22  miles  per  hour 

The  "  Minneapolis." — The  cruiser  Minneapolis,  which  was 
illustrated  and  described  in  The  American  Engineer  and 
Railroad  Journal  for  September,  1893,  has  recently  had  her 
preliminary  trial  off  the  Delaware  capes,  and  her  official  trial  off 
the  coast  of  Massachusetts.  In  the  first  on  the  offshore  run 
a  speed  of  21.75  knots  was  made.  The  boilers  were  worked 
under  a  forced  draft,  with  anthracite  coal  burning  in  the 
furnaces.  From  the  time  of  leaving  the  yards  the  three  en- 
gines were  run  continuously  while  the  cruiser  was  steam- 
ing, and  not  a  flaw  of  any  kind  showed  itself  in  her  machin- 
ery. The  Columbia,  on  her  preliminary  trial  trip,  showed 
20.98  knots,  so  that  the  Minneapolis  showed  fully  |  of  a  knot 
greater  speed.  Rough  calculations  from  the  indicator  cards 
showed  a  development  of  20.800  H.P.,  or  nearly  3,000  H.P. 
more  than  those  of  the  Columbia  on  her  official  trial  trip.  On 
the  official  trip  which  was  made  off  the  coast  of  Massachu- 
setts, the  engines  developed  the  full  21,000  indicated  H.P. 
called  for  in  the  specifications,  and  developed  a  speed  of  33.05 
knots  an  hour  over  a  course  84  knots  in  length.  The  Govern- 
ment boats  marking  the  course  were  the  Iicana,  Sew  Tvrk, 
Fern,  Fortune,  Atlanta,  Leyden,  Vesuvius  and  Dolphin.  The 
time  taken  at  the  different  stake  boats  aoing  north  was  as  fol- 
lows :  22.74  knots,  22.23  knots,  22.75  knotsr22.09  knots,  21.09 
knots,  24.05  knots.  After  a  detour  of  12  miles  made  with- 
out slowing  the  engines,  the  time  on  the  southern  trip  was  as 
follows  :  First  station,  25.20  knots,  22.40  knots.  24.40  knots, 
21.80  knots,  22.86  knots.  22.07  knots,  23.22  knots.  The  aver- 
age speed,  therefore,  on  the  northern  run  was  22  90  knots,  and 
on  the  southern,  23.20  knots,  while  the  average  for  the  entire 
run  of  87  94  knots  was  23.05  knots.  According  to  the  unoffi- 
cial reports,  the  engines  developed  21,000  H.P.  while  running 
from  130  to  136  revolutions  per  minute,  with  an  average  for  the 
entire  course  of  134.     If  the  official  reports  agree  with  the  un- 
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official  figures  of  the  Board,  a  bonus  of  $4i>2.500  over  and  above 
the  contract  price  will  be  paid  to  the  builders. 


CONTRIBUTIONS    TO     PRACTICAL     RAILROAD 
INFORMATION. 


Chemistry  Applied  to  Railroads. 


SECOND   SERIES.— CHEMICAL   METHODS. 


IX— METHOD  <)F  DETERMINING  TIN  IX  PHOSPHOR 
BRONZE. 


Bv  C.  B.  Dudley.  Chemist,  and  F.  N.  Pease,   Assistant 
Chemist,  ob  the  Pennsylvania  Railroad. 

(Copyright,  1891,  by  C.  B.  Dndley  and  F.  K.  Pease.) 


( Continued  from  page  321.) 


OPERATION. 

Dissolve  1  gram  of  fine  borings  in  20  c.c.  of  C.  P.  nitric 
acid.  1.20  specific  gravity,  and  eraporate  at  a  temperature  not 
exceeding  229  F..  until  the  residue  will  not  adhere  to  a  dry 
!  =s  rod.  Add  15  c.c.  of  concentrated  C.  P.  nitric  acid.  1.42 
specific  gravity,  heat  where  the  temperature  is  about  275  F. 
for  10  minutes,  add  30  c.c.  of  distilled  water,  stir  thoroughly, 
allow  to  settle  a  little,  and  then  filter,  washing  with  distilled 
water,  until  a  drop  of  the  filtrate  evaporated  on  a  piece  of 
clean  platinum  foil  leaves  no  residue.  Set  the  filtrate  aside  to 
be  used  later  in  the  determination  of  the  lead  and  copper.  Put 
the  filter  with  the  hydrated  metastannic  acid  on  it  back  into 
-  une  beaker,  taking  aire  to  spread  out  the  filter,  and  add 
c  of  yellow  ammonium  sulphide.  Digest  with  a  cover 
on  the  beaker  at  a  temperature  of  about  212  F.  for  a  couple 
of  hours,  with  occasional  stirring.  Nearly  all,  and  in  some 
cases  all,  the  tin  dissolves  as  sulphide,  tlie  phosphoric  acid 
goes  into  solution,  while  most  of  the  copper,  iron,  lead,  etc., 
which  may  be  present,  remains  as  sulphides  suspended  in  the 
liquid.  Filter  into  a  beakei  holding  about  25  fluid  ounces, 
and  wash  with  dilute  sulphide  of  ammonium  wash  water,  and 
at  last  with  water  alone,  until  the  volume  of  the  filtrate  and 
washings  amounts  to  about  250  c.c.  Dilute  the  filtrate  and 
washings  with  distilled  water  until  the  volume  is  about  400 
c.c,  and  then  precipitate  the  tin  sulphide  with  concentrated 
C.  P.  hydrochloric  acid,  adding  it  cautiously  with  stirring, 
and  only  adding  sufficiently  slight  excess  to  react  clearly  with 
litmus  paper.  Cover  the  beaker  and  put  it  where  the  tem- 
perature is  about  100;  F.,  and  allow  to  stand  one  night.  Dis- 
solve the  sulphides  in  the  filter  in  dilute  nitric  acid."and  wash 
thoroughly  with  water.  Add  the  filtrate  to  the  beakei  con- 
taining the  copper  and  lead  salts.  Burn  off  the  filter,  ignite  at 
a  high  temperature  in  porcelain  crucible,  weigh  and  add  the 
weight  to  the  binoxide  of  tin  obtained  from  the  precipitated 
sulphide.  After  standing  over  night,  decant  the  clsar  liquid 
above  the  sulphide  of  tin  through  a  filter,  taking  care  to  get 
as  little  as  possible  of  the  precipitate  on  the  filter  ;  then  add 
about  150  c.c.  of  water  to  the  beaker,  stir  thoroughly,  and 
allow  to  settle  clear.  Decant  the  clear  liquid  through  the 
same  filter,  and  then  add  about  150  c.c.  of  acetate  of  ammonia 
water,  stir  the  roughly,  and  allow  to  settle  clear  and  decant  as 
before.  Repeat  this  last  operation  twice  more,  provided  the 
second  addition  of  acetate  of  ammonia  wash  water  settles  off 
clear  at  once  :  then  pour  the  precipitate  on  the  filter  and  wash 
with  the  acetate  of  ammonia  wash  water  until  the  washings  no 
longer  react  with  nitrate  of  silver  solution.  If,  after  the  second 
addition  of  acetate  of  ammonia  wash  water,  the  precipitate  set- 
tles a  little  slowly,  and  there  is  a  tendenev  to  a  turbid  liquid 
above  the  precipitate,  omit  the  third  addition  of  acetate  of 
ammonia  wash  water,  and  proceed  to  pour  the  precipitate  on 
the  filter,  and  finish  the  washing  on  the  filter  as  above  described. 
Put  the  filter  and  precipitate,  still  wet.  into  a  porcelain  cru- 
cible, "  smoke  off"  the  filter  very  slowly,  and  continue  the 
heating  over  the  burner  at  low  temperature,  after  the  filter  has 
ppeaied,  until  the  odor  of  sulphurous  acid  is  no  longer 
peiceptible.  Gradually  raise  the  temperature  with  the  burner, 
finish  with  an  intense  heat,  and  then  weigh. 

APPARATUS  AND  RF.AOENT-. 

The  apparatus  required  by  this  method  is  simply  the  ordi- 
nary beakers,  measuring  glasses,  etc.,  common  to  every  labora- 
tory, and  requires  no  special  comment. 

The  nitric  acid  1.20  specific  gravity  is  made  from  the  Stronger 
by  dilution  with  water.     The  dilute  nitric  acid  used  to 


solve  the  sulphides  on  the  filter  is  a  mixture  of  one  part  con- 
centrated C.  P.  with  four  parts  of  distilled  water. 

The  yellow  ammonium  sulphide  is  made  by  dissolving  1  07.. 
of  precipitated  sulphur  in  a  5-lb.  bottle  of  what  is  known  in 
the  market  as  ammonium  hydrosulphide.  or  hydrosnlphnret. 

The  ammonium  sulphide  wash  water  is  made  by  adding  one 
part  by  volume  of  commercial  C.  P.  ammonium  hydrosulphide 
to  nine  parts  by   volume  of  water. 

The  acetate  of  ammonium  wash  water  is  made  by  nearly 
neutralizing  concentrated  C.  P.  acetic  acid  1.04  specific  grav- 
ity with  concentrated  C.  P.  ammonia  0.90  specific  gravity, 
and  then  adding  one  part  by  volume  of  this  solution  to  three 
parts  by  volume  of  distilled  water. 

CALCULATIONS. 

Atomic  weights  used  :  Tin,  118  :  oxygen,  16  ;  molecular 
formula.  Sn03.  Since  7^.67  per  cent,  of  the  binoxide  is  metal- 
lic tin,  the  weight  found  expressed  in  grams,  multiplied  by 
this  figure,  gives  the  amount  of  metallic  tin  in  1  gram  of  the 
bronze.  Then  the  amount  in  100  grams,  or  the  per  cent., 
would  be  found  by  multiplying  this  figure  by  100.  This  may 
be  briefly  expressed  by  the"  rule  :  Express  the  weight  of  bin- 
oxide found  in  grams,  move  the  decimal  point  two  places  to 
the  right,  and  multiply  by  0.7867.  The  product  will  be  the 
per  cent,  of  tin  in  the  bronze.  Thus,  if  the  weight  found  is 
0.1284  gram,  the  percentage  will  be  [12.84  x  0.7867]  10.10  per 
cent. 

NOTES   AND    PRECAUTIONS. 

It  will  lie  observed  that  this  method  oxidizes  the  tin  and 
separates  it  from  the  principal  portion  of  the  lead,  copper, 
iron,  etc.,  by  nitric  acid,  finishes  the  separation  as  completely 
as  ammonium  sulphide  will  do,  and  removes  the  phosphoric 
acid  by  dissolving  the  separated  metastannic  acid  in  yellow 
ammonium  sulphide,  precipitates  the  tin  as  sulphide  along 
with  much  separated  sulphur,  and  converts  this  sulphide  into 
binoxide  for  weighing  by  careful  ignition. 

The  evaporation  to  dryness  needs  to  be  managed  with  some 
care.  If  the  tempeiature  is  too  high,  and  especially  if  the 
action  of  the  heat  at  high  temperatuie  is  too  prolonged,  there 
will  be  difficulty  with  the  subsequent  solution  in  ammonium 
sulphide.  On  the  other  hand,  if  the  evaporation  to  .dryness 
is  not  carried  far  enough,  the  separated  metastannic  acid  is  apt 
to  be  slimy  and  give  difficulty  in  the  subsequent  filtration.  A 
little  experience  will  enable  the  right  point  to  be  reached 
without  difficulty.  The  treatment  of  the  separated  metas- 
tannic acid  with  hydrochloric  acid  either  with  or  with- 
out the  addition  of  potassium  chloride  to  assist  the  subsequent 
solution  in  ammonium  sulphide  is  not  necessary  if  the  evapora- 
tion to  dryness  is  properly  managed,  and  this  procedure  intro- 
duces complications  in  the  analysis  which  are  better  left  out. 

Fifteen  c.c.  of  concentrated  C.  P.  nitric  acid  are  added  to 
take  up  the  copper  and  lead  salts,  after  the  evaporation  to  dry- 
ness, because  approximately  this  amount  of  nitric  acid  is  need- 
ed in  the  solution  during  tlie  subsequent  determinations  of  the 
lead  and  copper  by  electrolysis. 

We  have  not  succeeded  by  any  manipulation  in  completely 
separating  copper  and  iron  from  metastannic  acid  by  means  of 
nitric  acid,  and  do  not,  therefore,  recommend  ignition  and 
weighing  the  precipitate  obtained  "after  taking  up  the  copper, 
lead,  etc.,  in  strong  nitric  acid,  dilution  and  filtration. 

The  digestion  of  the  separated  metastannic  acid  with  yellow 
ammonium  sulphide  with  many  bronzes  takes  up  all  the  tin, 
so  that  there  is  almost  nothing  left  to  weigh  after  dissolving 
the  other  sulphides  on  the  filter  and  ignition  of  the  filter.  On 
the  other  hand.,  with  some  bronzes  there  is  apparently  always 
a  little  tin  left  undissolved  by  the  ammonium  sulphide.  Re- 
peated experiments  on  a  bronze  showing  this  peculiarity  gave 
practically  the  same  results  each  time,  so  that  it  is  hardly  safe 
to  neglect  to  follow  the  directions  on  this  point.  The  weight 
of  this  undissolved  tin  is  rarely  more  than  a  milligram. 

It  is  well  known  that  sulphide  of  copper  is  slightly  soluble 
in  yellow  sulphide  of  ammonium.  The  sulphide  of  tin  ob- 
tained is,  therefore,  apt  to  1«  contaminated  slightly  with  sul- 
phide of  copper,  and  the  final  weight  may  also  be  slightly  high 
on  account  of  oxide  of  copper. 

It  is  not  advisable  to  leave  any  of  the  ammonium  sulphide 
wash  water  in  the  filter  when  washing  the  sulphides  of  copper, 
lead,  iron,  etc..  since  this  would  introduce  a  little  H2S  into  the 
solution  in  which  the  copper  and  lead  are  to  be  subsequently 
determined,  an  addition  which  is  not  desirable.  On  the  other 
hand,  it  is  not  desirable  to  try  to  wash  copper  sulphide  from 
the  first  with  pure  water  for  fear  of  oxidation  and  loss. 

The  precipitation  of  the  tin  sulphide  is  a  moderately  delicate 
operation.  There  must  be  a  slight  excess  of  hydrochloric 
acid,  or  tin  will  remain  in  solution.  On  the  other  hand,  if 
there  is  too  much  h3'drochloric  acid,  there  is  danger  of  its  dis- 
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solving  some  of  the  tin  sulphide.  Furthermore,  the  litmus 
paper  test  is  apt  to  be  affected  by  the  H3S  set  free.  The  litmus 
paper  should  not  be  put  into  the  solution  and  allowed  to  re- 
main during  the  neutralization,  as  it  becomes  completely  dis- 
colored by  so  doing.  Test  with  a  fresh  piece  each  time. 
After  some  experience  is  gained,  the  way  the  solution  settles 
off  after  the  last  addition  of  acid  is  a  very  good  indication  of 
the  right  point.  If  the  precipitate  separates  slowly,  and  the 
liquid  above  is  inclined  to  be  turbid,  either  too  much  or  too  lit- 
tle acid  may  be  present.  If  too  little,  a  drop  or  two  more  may 
be  just  right.  If  too  much,  add  a  few  drops  of  ammonia  to 
alkaline  reaction  and  start  again.  It  is  advisable  to  always 
test  the  filtrate  from  the  tin  sulphide  by  adding  a  few  drops 
of  hydrochloric  acid,  if  it  is  not  already  clearly  acid  to  test 
paper,  and  passing  HjS  for  half  an  hour;  then  allowing  the 
liquid  to  stand  for  a  couple  of  hours  at  a  temperature  of  120° 
to  130°  F.  If  no  precipitate  separates  at  the  end  of  this  time, 
the  filtrate  may  be  thrown  away.  If  any  precipitate  shows, 
allow  to  stand  over  night,  collect  on  a  filter,  wash  thoroughly, 
ignite  and  weigh,  adding  the  weight  to  the  amount  previously 
found. 

Allowing  the  precipitated  sulphide  to  stand  in  a  warm  place 
over  night  may  be  unnecessarily  long,  but  as  all  the  constitu- 
nts  of  a  phosphor-bronze  are  usually  determined,  allowiug  the 
tin  to  stand  over  night  does  not  usually  cause  any  delay.  It 
seems  to  be  essential  to  have  the  H2S  pass  off  before  filtration, 
since  the  precipitate  is  sparingly  soluble  in  solution  of  sulphu- 
retted hydrogen. 

In  washing  the  tin  sulphide,  it  is  essential  to  remove  the  am- 
monium chloride  completely,  or  loss  of  tin  will  follow  during 
the  ignition.  By  the  method  of  washing  recommended,  less 
than  5  per  cent,  of  the  total  amount  of  ammonium  chloride 
present  remains  with  the  precipitate  Vhen  it  is  put  on^the 
filter. 
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Fig.   I. 

It  is  very  difficult  to  wash  tin  sulphide  mixed  with  separat- 
ed sulphur  with  pure  water,  on  account  of  the  tendency  to 
form  a  turbid  filtrate.  As  is  well  known,  a  slightly  acid  solu- 
tion of  acetate  of  ammonia  prevents  this  difficulty.  It  is  ad- 
visable, at  the  very  last,  to  use  a  much  weaker  solution  of  am- 
monium acetate,  so  as  not  to  leave  too  much  of  this  salt  with 
the  tin  sulphide  for  fear  of  reducing  some  of  the  tin  oxide  dur- 
ing the  ignition. 

The  ignition  of  the  wet  tin  sulphide  must  be  managed  with 
a  good  deal  of  caution  or  there  will  be  either  loss  of  tin  sul- 
phide, free  sulphur,  or  sulphuric  acid  left  behind,  or  some  of 
the  oxide  of  tin  reduced.  It  is  believed  all  these  difficulties 
can  be  obviated  if  the  ignition  is  done  slowly  enough  with 
free  access  of  air.  The  filter  is  gotten  rid  of  by  "  smoking 
off,"  which  consists  in  applying  the  heat  to  the  wet  material 
in  the  crucible  so  slowly  that  the  volatile  matter  of  the  filter 
passes  off  without  ignitioD,  free  access  of  air  being  maintained 
at  the  same  time.  To  accomplish  this,  fold  up  the  wet  filter 
with  the  tin  sulphide  in  it  and  place  it  in  the  crucible.  Put 
the  crucible  on  the  triangle  as  in  ordinary  ignitions,  and  leave 
the  cover  off.  Then  heat  the  open  end  of  the  crucible  slowly. 
The  filter  and  precipitate  gradually  dry,  and  soon  the  parts  of 
the  filter  in  contact  with  the  crucible  begin  to  distill  off  the 
volatile  matter  at  low  heat,  even  before  the  whole  is  dry.  This 
process  goes  on  if  the  fiame  is  properly  adjusted,  until  in  a  lit- 
tle while  everything  that  is  volatile  at  a  low  temperature  has 
passed  away,  and  the  precipitate  with  a  black  envelope  of  car- 
bonaceous matter  is  left.  When  this  is  the  case,  the  tempera- 
ture can  be  raised  very  slowly,  the  lamp  moved  back  toward 
the  bottom  of  the  crucible  a  little,  and  the  carbon  burned  oil 
completely.  Many  times,  when  the  temperature  is  raised,  the 
black  envelope  of  carbonaceous  matter  falls  away  from  the 
precipitate  and  is  rapidly  consumed.  The  slow  heating  and 
free  access  of  air  must  be  continued  until  the  sulphur  is  all 
gone.  If  the  heating  is  done  slowly  enough,  the  precipitate  is 
porous,  the  sulphur  apparently  all  passes  away  at  SOa,  and 
there  is  little  danger  of  volatilizing  tin  sulphide  or  reducing 
the  oxide. 

In  bronzes,  containing  perceptible  amounts  of  antimony  the 
tin  cannot  be  successfully  determined  by  the  method  given 
above. 


TRAIN  HEATING  WITH  STEAM  AND  COM- 
PRESSED AIR  ON  THE  EASTERN  RAILWAY 
OF  FRANCE. 


1?y  M.  Lancrenon. 


Up  to  a  very  recent  date  the  Eastern  Railway  Company,  like 
the  other  French  companies,  has  used  hot  water  for  heating 
its  trains.  Recognizing  that  this  system  is  frequently  iusulli- 
cient  and  sometimes  even  troublesome  for  passengers,  especially 
on  night  trains  with  a  long  run,  we  have  considered  for  a  long 
time  that  its  simplicity  and  the  ease  with  which  it  can  be  em- 
ployed in  almost  all  kinds  of  cars  compensated  to  a  great  ex- 
tent for  its  disadvantages,  at  least  in  our  climate,  and  that 
there  was  no  need  for  looking  for  anything  else.  But  this 
position  could  not  be  indefinitely  maintained. 

As  the  movement  of  passengers  and  the  number  of  trains 
increase  the  reheating  and  manipulation  of  the  cans  become 
more  and  more  difficult,  especially  at  Paris  and  in  the  numer- 
ous stations  from  which  local  trains  start.  On  the  othet 
hand,  we  were  compelled,  by  the  necessities  of  the  operating 
department,  to  put  cars  in  service  that  had  a  communication 
from  end  to  end,  some  of  which  were  intended  for  trains  hav- 
ing a  long  run,  others  for  short-run  trains  where  fares  and 
tickets  could  be  collected  en  route,  as  well  as  the  double  deck 
cars  in  the  suburban  traffic  around  Paris.  The  use  of  the  hot- 
water  cans  became  almost  impossible  in  these  diffeient  cars,  so 
that  it  was  necessary  to  get  something  else. 

The  long  experience  which  we  have  had  with  thermo- 
siphons  did  not  encourage  us  to  develop  that  system  ;  the 
German  systems  were  not  applicable  to  our  trains,  which  must 
be  rapidly  and  frequently  made  up  and  broken.  Furthermore, 
they  did  "not  keep  the  feet  of  the  passengers  warm — which,  in 
France,  is  considered  to  be  very  necessary.  With  these  con- 
ditions in  view,  we  have  been  led  to  examine  and  experiment 
with  a  system  which  is  made  the  subject  of  this  communica- 
tion. 

Principle  of  the  System. — In  studying  the  operation  of  the 
German  heating  apparatus,  I  have  been  struck  with  the  difficulty 
and  the  slowness  with  which  the  heat  reaches  the  end  of  the  train 
in  general  working,  with  a  pressuie  high  enough  to  ensure  the 
efficient  penetration  of  the  steam  into  the  heating  pipes.  In 
seeking  to  determine  the  cause  of  this  phenomena,  it  occurred 
to  me  that  it  would  be  possible  to  obtain  a  more  even  pressure 
in  the  pipes  by  adding  a  fluid — such  as  air,  for  example— to 
the  steam,  and  one  which  was  not  susceptible  of  being  con- 
densed. The  first  experiment  was  with  a  crude  apparatus  set 
up  in  the  Villette  shops,  which  confirmed  the  accuracy  of  my 
opinion  to  such  an  extent  that  more  complete  tests  were  made 
with  an  apparatus  which  was  also  set  up  in  the  shops,  and 
represented  a  train  of  24  cars  of  four  compartments  each.  The 
actual  cars  were  intercalated  at  different  points  of  the  circuit. 
The  arrangements  which  were  developed  from  this  examina- 
tion after  several  adjustments  were  then  applied  to  special  test- 
ing trains,  and  finally  to  trains  in  service.  The  principal  effect 
of  the  air  which  was  added  to  the  steam  appears  to  be  the 
sweeping  along  and  continual  carriage  of  the  water  of  the  con- 
densation, which  tends  to  accumulate  at  low  points  in  the  pipes, 
and  which  might  settle  at  the  discharge  openings.  We  have 
thus  avoided  losses  due  to  the  accumulation  of  water  and  the 
dangers  of  freezing.  The  gaseous  current,  rendered  the  more 
intense  by  the  addition  of  air,  by  its  friction  on  the  liquid  mole- 
cules causes  them  to  slide  along  the  walls  of  the  pipes.  We 
know  that  we  can  thus  cause  a  liquid  to  pass  through  a  consid- 
erable difference  in  level  by  using  a  pressure  far  less  than  the 
height  to  be  raised  ;  and  it  is  upon  this  principle  that  the 
American  steam  loop  is  based,  which  causes,  by  means  of  a  sim- 
ple combination  of  pipes,  the  water  of  condensation  produced 
in  a  pipe  fed  by  a  boiler  to  be  carried  back  to  the  boiler. 
This  phenomenon  can  be  shown  to  a  certain  extent  by  causing 
a  liquid  to  move  over  any  surface  whatever  by  siniply  blow- 
ing above  it. 

Thanks  to  the  addition  of  the  air,  the  examination  of  the 
best  methods  to  be  adopted  for  heating  apparatus  was  singu- 
larly simplified  and  facilitated.  It  was  possible  to  obtain  a 
discharge  of  the  water  of  condensation  at  each  car  without 
fear  of  freezing  at  the  opening  ;  at  tho  same  time  we  thus  did 
away  with  an  obstacle  to  the  introduction  of  steam  into  the 
heating  pipes,  and  reduced  the  water  of  condensation  to  a  mini- 
mum, as  well  as  compelling  it  to  follow  the  general  conduit  to 
its  end.  It  was  thus  possible  to  use  heating  pipes  in  these  cars 
that  were  very  much  smaller  and  of  a  greater  variety  of  forms, 
without  limiting  ourselves  to  maintaining  the  inclination  which 
would  be  necessary  to  the  How  of  water  that  depended  on 
gravity  alone.  It  was  also  possible,  in  order  to  facilitate  the 
regulating,  to  multiply  the  pipes,  and  at  the  same  time  control 
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them  by  simple  admission  cocks,  and  bring  them  together  at 
their  extremity  at  a  discharge  apparatus  without  using  any 
arrangements  whatever  for  preventing  the  return  of  steam 
into  the  pipes  which  are  not  in  service,  the  air  which  is  con- 
fined in  these  pipes  being  sufficient  to  prevent  all  heating. 
From  a  heating  standpoint,  the  mixture  gives  practically  the 
same  effect  as  steam  when  used  alone  at  the  same  pressure. 
The  quantity  of  an  added  and  the  differences  of  temperature 
which  resulied  therefrom,  when  taken  within  the  limits  em- 
ployed, are  not  of  such  a  nature  as  to  modify  the  calorific  ef- 
which  are  obtained  in  any  appreciable  manner. 

Description  0/  tfu  Apparatus.— These  preliminary  matters 
having  been  settled,  it  was  easy  to  settle  upon  the  general  de- 
tails of  our  apparatus.  They  comprised  a  general  conduit 
starting  from  the  engine,  into  which  the  engineer  could  dis- 
charge his  mixture  of  air  and  steam.  This  conduit  extended 
throughout  the  whole  length  of  the  train  and  ended  in  an  auto- 
matic expansion  outlet,  which  allowed  the  condensation  water 
and  cool  air  to  escape,  but  stopped  the  steam.  In  each  car  a 
sufficient  number  of  heating  pipes  were  led  off  from  the  gen- 
eral conduit  and  carried  into  the  compartments,  whence  they 
were  brought  together  at  their  ends  and  let  into  a  common  out- 
let. The  admission  cocks  let  steam  into  one  or  all  of  these 
pipes  at  will. 

General  Conduit  and  Couplings. — The  dimensions  of  the  gen- 
eral conduit  were  determined  after  numerous  trials,  and  were 
made  of  such  a  size  as  to  permit  of  an  easy  heating  of  trains 
of  from  15  to  18  cars,  and  occasionally  of  24.     Recognizing 


heating,  and  which  discharges  into  the  general  conduit  both  the 
compressed  air  and  the  steam  which  has  served  to  compress  it. 

The  steam  from  the  boiler  thus  serves  by  its  expansion  to 
compress  the  air.  and  is  then  utilized  for  the  heating.  The 
speed  of  the  pump  in  running  and  its  discharge  are  regulated 
by  meansof  a  steam  admission  valve.  A  throttle  valve  placed 
directly  on  the  boiler,  a  safety  valve  and  a  steam  gauge  com- 
plete the  apparatus  on  the  engine. 

On  engines  which  are  intended  for  hauling  light  trains  that 
consist  of  not  more  than  8  or  10  cars,  the  special  heating  pump 
is  done  away  with,  and  the  heating  apparatus  consists  simply 
of  a  throttle  valve  directly  on  the  boiler,  an  air  cock  on  the 
pipe  opening  into  a  discharge  pipe  of  the  air  pump  for  the 
brake,  a  safety  valve  and  a  steam  gauge.  In  both  types  the 
safety  valves  are  set  at  17  lbs.  per  square  inch. 

Apparatus  on  the  Cars. — The  first  thing  we  looked  to  in  the 
cars  was  to  see  that  the  feet  of  the  passengers  should  be  heat- 
ed, and  then  to  avoid  all  contact  between  the  air  of  the  com- 
partments and  the  pipes  directly  heated  by  the  steam,  so  as  to 
prevent  the  liberation  of  all  odors.  In  second  and  third-class 
cars  (fig.  2)  the  heating  pipes,  which  were  three  in  number, 
branched  out  from  the  general  conduit  at  one  end  of  the  ear. 
They  first  rise  vertically  to  enter  into  the  body  of  the  car, 
going  through  the  double  floor,  and  then  turn  horizontally  over 
the  top  of  the  floor,  passing  successively  into  each  compart- 
ment under  the  feet  of  the  passengers.  They  are  covered  with 
ribbed  sheets,  which  are  thus  heated,  and  which  in  turn  heat 
the  car. 
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Fig.  2. 


that  it  was  to  our  advantage  to  reduce  the  diameter  at  the 
couplings,  we  thus  obtained  the  twofold  advantage  of  having  the 
couplings  more  easily  handled,  more  durable,  anil  of  incri 
the  velocity  of  the  current,  so  as  to  avoid  as  far  as  possible  the 
accumulation  of  water  and  the  losses  in  pressure  which  would 
result  therefrom.  Our  conduits,  therefore,  have  an  outside 
diameter  of  If  in.  except  at  the  couplings,  where  this  diame- 
ter is  reduced  t<>  1J  in.  The  coupling  hose  is  made  of  rubber, 
and  is  fastened  to  the  cars  just  as  the  air-brake  hose  is  fasti  I 
The  couplings  are  made  by  means  of  flush  prongs  which  clip 
into  each  other  by  a  bayonet  movement,  and  which  are  SO  di 
signed  as  to  avoid  any  sudden  sagging  in  the  conduit.  This 
a  D  is  one  for  pipes  where,  as  I  have  already  said,  a  double 
accumulation  of  gas  and  liquid  is  circulated,  the  latter  sliding 
along  the-  walls  under  the  entraining  action  of  the  current  of 
We  have  absolutely  discarded  the  German  coupling, 
which  was  formed  of  hose  independent  of  the  cars,  and  which 
is  the  cause  of  a  great  number  of  inconveniences  in  the  ser- 
vice. 

Apparatus  on  the  Engines. — Two  arrangements  were  adopted 
for  the  engines.  On  powerful  engines  intended  for  hauling 
long  trains  a  single  pump  was  found  to  be  insufficient  lor  the 
brake  and  the  heating  service.  We  have  therefore  placed  a 
second  pump  thereon,  which  was  especially  intended  for  the 


In  order  to  avoid  too  close  contact  and  too  great  an  elevation 
of  temperature  of  these  heating  sheets,  air  spaces  with  a  thick- 
ness "f  .04  in.  are  left  between  the  pipes  and  the  sheets.  The 
three  pi]K-s  are  carefully  isolated  throughout  their  whole  pas- 
through  the  compartments.  ( in  leaving  the  last  compart- 
ment they  are  united  in  order  to  enter  the  automatic  outlet. 
The  admission  pipes  can  be  operated  from  the  outside  by  means 
of  wrenches,  and  thus  the  mixture  of  air  and  steam  be  admitted 
at  will  into  one,  two  or  three  pipes.  In  this  way  the  heating 
is  regulated.  This  regulation  is  also  necessary  for  each  com- 
partment of  the  same  car.  and  the  attendants  alone  can  control 
it  from  the  station  platform-. 

In  1  1  ars  (fig.  3)  it  was  considered  necessary  to  make 

the  heat  independent  for  each  compartment,  and  to  place  the 
regulation  at  the  disposition  of  the  passengers.  The  arrange- 
ment adopted  is  slightly  different  from  that  described.  There 
are  two  heating  pipes  for  each  compartment  :  they  branch  out 
from  the  general  conduit  at  the  right  end  of  the  compartment, 
enter  it,  pass  beneath  the  feet  of  the  passengers,  leave  the  body 
to  enter  a  common  collector  which  ends  in  an  automatic  out- 
let. The  admission  cocks  can  be  controlled  from  the  inside 
by  the  passengers  or  from  the  outside  by  the  employees.  The 
covering  >heei  is  of  brass,  and,  thanks  to  its  greater  conducti- 
bility,  it  gives  out  the  same  amount  of  heat  with  two  pipes  as 
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iron  sheets  do  with  three.  There  is,  however,  one  less  degree 
of  regulation  possible  than  in  the  other  cars,  but  this  inferior- 
ity is  compensated  for  by  placing  the  regulation  at  the  disposi- 
tion of  the  passengers. 

The  third  arrangement,  which  is  entirely  different,  was 
adopted  for  our  double-decked  cars  that  are  run  on  the  short 
transit  trains  in  the  suburban  service  of  Paris,  and  is  shown  in 
fig.  4.  The  general  conduit  of  each  car  is  forked,  and  passes 
out  of  the  upper  story  along  the  side  walls.  It  thus  serves  as  a 
heating  pipe,  and  heats  the  wall  of  this  upper  story.     It  is 


to  the  others,  but  is  well  adapted  to  the  rolling  stock  to  which 
it  is  applied.  It  is  not  possible  to  improve  itVithout  involv- 
ing complications  and  difficulties  which  are  out  of  all  propor- 
tions to  the  object  which  is  sought  to  be  obtained. 

Automatic  Outlet. — I  have  only  one  word  to  add  descriptive 
of  the  automatic  outlet,  which  can  be  placed  at  the  end  of  the 
general  conduit  and  on  each  car.  The  problem  to  be  solved 
was  to  find  an  apparatus  which  would  only  allow  the  water  of 
condensation  in  the  pipes  and  the  corresponding  air  to  escape, 
and  then  close  itself  as  soon  as  the  steam  came  into  contact 


Fig-  3- 


Fig.  4 


protected  by  a  covering  sheet  to  avoid  all  danger  of  burning. 
A  pipe  which  is  controlled  at  its  inlet  by  a  simple  stop  cock, 
and  which  is  never  closed  except  in  case  of  breakage,  branches 
off  from  the  general  conduit  in  the  upper  story  and  descends 
to  the  lower  story,  where  it  is  divided  into  two  pipes  running 
side  by  side  over  the  floor  and  passing  successively  through  ail 
the  compartments  beneath  the  feet  of  the  passemrers.  being 
finally  united  again  to  enter  an  outlet.  No  regulation  is  pos- 
sible except  for  the  whole  of  the  train,  and  that  is  under  the 
control  of  the  engineer,  who  keeps  the  heat  turned  on  continu- 
ally or  at  intervals  ;  this  arrangement  is  evidently  very  inferior 


wilh  it,  perfectly  regardless  of  the  pressure  in  the  pipes.  Such 
a  result  can  only  be  obtained  by  means  of  an  apparatus  work- 
ing by  the  expausion  of  a  liquid  that  would  give  off  no  vapors 
at  the  temperatures  under  which  it  worked.  The  expansions 
of  solids  are  too  slight,  and,  if  they  were  used,  only  very  slight 
openiugs  could  be  obtained,  while  it  might  be  checked  by  a 
single  drop  of  frozen  water.  With  gases  and  liquids  giving 
off  a  vapor  we  would  have  an  apparatus  influenced  not  only 
by  the  temperature,  but  also  by  the  pressure  ;  the  liquid  must 
therefore  be  neutral  and  unalterable  .  we  have  therefore  select 
ed  oleonaphtha.     This  liquid  is  enclosed  in  a  tight  metallic  cas- 
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ing  that  ends  in  a  metallic  bellows  in  the  form  of  a  Venetian  lan- 
tern, which  elongates  when  the  liquid  expands.  The  casing  is 
enclosed  in  another,  which  is  fastened  to  the  ends  of  the  dis- 
charge pipes.  When  steam  reaches  this  envelope  the  liquid 
expands,  the  bellows  elongates  and  closes  the  opening  placed 
at  the  end  of  the  same;  When,  on  the  other  hand,  the 
envelope  simply  contains  air  or  water,  the  bellows  opens  the 
valve,  which  then  allows  this  air  and  water  to  escape.  This 
apparatus,  after  frequent  attempts  and  some  fruitless  trials  at 
the  beginning,  now  works  regularly  and  without  danger  of 
freezing  even  at  a  temperature  as  low  as  from  zero  to  5°  above 
on  the  Fahrenheit  scale,  thanks  to  the  use  of  compressed  air. 

Advantage*  <itt'l  Disadvantage*  qfth*  System. — The  apparatus 
I  have  thus  described  wTas  put  into  service  during  the  winter 
of  1891-92  on  the  trains  running  in  the  suburban  service  of 
Paris.  The  following  winter  three  trains  heated  in  this  way 
were  put  into  service  ;  finally,  during  this  past  winter,  this 
system  has  been  put  into  service  on  seven  trains  doing  the 
greater  part  of  the  suburban  serrice  of  Paris  on  the  Avricourt 
Line,  over  which  43  trains  were  run  each  week  day  and  54  on 
Sunday  ;  then  on  the  regular  line  a  large  number  of  night 
trains,  made  up  of  new  rolling  stock  intended  for  interchange 
traffic.  The  necessary  apparatus  has  already  been  placed  on 
more  than  300  cars  and  on  142  engines.  Our  experience  thus 
far  with  these  prolonged  and  somewhat  extended  tests  is  such 
that  we  may  say  that  the  results  obtained  have  always  been 
satisfactory.  Our  heating  sheets  have  a  breadth  of  about  1  in 
and  a  length  of  8  ft.  4  in.  U  hen  the  three  heating  pipes  arc- 
in  use  their  temperature  rises  from  140°  to  158  F.  We  con- 
sider that  this  is  enough  when  we  take  into  consideration  the 
dimensions  of  our  compartments  and  the  cold  which  we  have 
to  encounter.  It  is  very  evident  that  this  could  be  raised  either 
by  increasing  the  surface  of  the  sheets  and  the  number  of  the 
pipes,  or  by  heating  the  air  of  the  compartments  by  pipes 
placed  beneath  the  seats.  From  the  standpoint  of  initial  heat- 
ing we  have"made  considerable  progress  over  systems  of  steam 
heating  by  increasing  the  diameter  of  the  general  conduit,  and 
by  permitting  the  air  enclosed  in  the  heating  pipes  to  freely 
escape,  and  finally  by  entraining,  by  means  of  compressed  air, 
the  water  of  condensation  which  opposes  the  flow  of  the 
steam. 


COVERING  OVEK 
hTEAM   PIPES. 


END   VIEW   OF    FIG     ). 

In  practice  the  time  required  for  the  steam  to  reach  the  end 
of  trains  varies  as  follows  :  Trains  of  12  cars.  3  to  10  minutes  ; 
trains  of  IS  cars.  12  to  Hi  minutes  ;  trains  of  1H  cars,  15  to  20 
minutes  ;  trains  of  24  ears.  28  to  35  minutes.  It  is  necessary 
to  add  5  to  10  minutes  to  these  figures  before  the  heating  sheets 
of  the  last  cars  reach  a  temperature  of  130°  F.  The  last  fig- 
ure* correspond  to  the  very  low  outside  temperature  of  from 
.">  t"  15  F.  above  zero.  We  thus  see  that  in  any  case  half  an 
hour  is  sufficient  to  heat  a  train  of  is  cars. 

It  is  thus  possible,  without  causing  any  inconvenience  what 
ever,  to  add  one  or  two  cold  cars  to  the  end  of  a  train  at 
the  last  moment,  as  a  very  few  minutes  is  sufficient  to  heat 
them. 

A  greater  rapidity  of  operation  can  be  obtained  by  increas- 
ing the  diameter  of  the  general  conduit,  but  then  the  weight 
of   the   apparatus   raised   greater  difficulties   in   making   the 


coupling  ;  but,  as  a  matter  of  fact,  heavy  trains  are  compara- 
tively rare  in  the  winter  season,  so  that  we  have  not  found  any 
disadvantages  resulting  from  the  diameter  of  our  conduits. 
The  possibility  of  regulating  the  heat  is  as  complete  as  could 
bedesired,  for  we  can  not  only  vary  the  number  of  pipes  in  use, 
but  also  interrupt  the  heating  and  resume  it  at  will.  A  very 
conclusive  experiment  was  made  in  this  in  our  suburban  ser- 
vice during  the  last  winter.  At  that  time  the  weather  re- 
mained tine  for  a  long  time,  but  with  great  variations  of 
temperature.  In  the  morning  at  sunrise  the  thermometer 
• 
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would  drop  to  about  freezing  point.  We  would  then  heat 
continuously,  and  generally  with  two  pipes  ;  then,  as  the  tem- 
perature rose,  one  pipe  would  be  closed.  As  the  thermometer 
still  continued  to  rise,  we  would  heat  the  sheets  slightly  be- 
fore starting,  and  then,  cutting  off  the  steam,  the  sheets  would 
remain  warm  until  the  end  of  the  trip.  If  this  lasted  too  long, 
they  would  be  slightly  heated  while  < /<  rout, .  In  the  middle 
of  the  day  the  heat  was  entirely  cut  o(T  ;  in  the  evening  a  re- 
verse practice  was  followed.  In  resume,  1  may  state  that  we 
can  heat  our  cars  when  ami  where  we  like,  and  that  the  cm- 
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ployes  can  quickly  acquire  the  necessary  skill.  We  have  also 
avoided  all  danger  of  fire  and  all  liberation  of  deleterious  gases, 
as  well  as  the  generation  of  disagreeable  odors.  In  order  to 
obtain  this  last  result  it  has  been  necessary  to  completely  iso- 
late the  air  of  the  compartments  from  pipes  that  are  in  direct 
contact  with  the  steam  pipes,  which  have  an  elevated  tempera- 
ture, and  on  which  any  dust  that  might  fall  would  burn  with 
a  characteristic  odor  ;  and  this  is  what  we  have  done. 

By  the  arrangement  which  we  have  adopted  we  have  been 
able  to  comfortably  heat  the  feet  of  our  passengers  and  then 
to  raise  the  temperature  of  our  compartments  to  a  moderate 
degree,  and  thus  maintain  a  true  hygienic  condition. 

The  system  has  worked  for  three  winters  to  the  entire  satis- 
faction of  the  operating  department.  We  have  had,  especially 
at  the  beginning,  a  few  disagreeable  incidents,  some  of  which 
—but  these  were  very  rare — tvere  due  to  the  inexperience  of 
the  employes,  others  to  local  defects  of  the  apparatus,  which 
are,  of  course,  unavoidable  when  an  entirely  new  system  is  put 
into  service. 

The  weight  of  the  apparatus  averages  about  1,100  lbs  per 
car.  This  is  evidently  an  increase  of  dead  weight  which  must 
be  hauled  in  summer  as  well  as  in  winter.  But  it  would  be 
difficult  to  advise  anything  lighter  where  a  fixed  apparatus  is 
used. 

The  first  cost  is  about  $300  per  engine  for  our  suburban  mo- 
tive power,  which  is  intended  to  haul  trains  of  greater  or  less 
weight ;  about  $80  for  engines  intended  to  haul  light  trains  ; 
from  $160  to  $180  for  second  and  third-class  cars,  according  to 
the  number  of  compartments. 

The  advantages  which  this  system  has  shown  are  of  such  a 
nature  that  the  Eastern  Railway  Company  has  not  hesitated  to 
extend  its  applications  to  other  suburban  services  in  order  to 
increase  the  comfort  of  passengers  and  do  away  with  the  trouble 
arising  from  the  use  of  hot- water  cans. — Bulletin  of  Interna- 
tional Railway  Congress. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publication  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  to  help  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  informa- 
tion which  will  help  make  our  list  more  complete  or  correct, 
or  who  will  indicate  the  causes  or  the  cures  for  any  kind  of 
accidents  which  occur,  they  will  not  only  be  doing  us  a  great 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  intrust  our  lives  are  exposed. 

The  ouly,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  June,  has 
been  made  up.  Of  course  we  cannot  report  those  of  which  we 
have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS    IN    JUNE. 

Pittston,  Pa.,  June  1. — Ira  Gerhardt,  an  engineer  on  the  Bal- 
timore, Lackawanna  &  Western  Railroad,  while  leaning  out 
of  his  cab  window,  was  struck  by  a  post  alongside  the  track 
ut  Nay  Aug.  He  was  so  badly  injured  that  he  died  shortly 
afterward. 

Miamisburg,  O.,  June  1.— Engineer  William  Morgan,  on  the 
Pittsburgh  &  Erie  Railway,  was  seriously  injured  in  a  head- 
end collision  between  a  freight  and  passenger  train  near  here 
to-day. 

Alton,  111.,  June  4.— A  work  train  ran  into  a  string  of  cars 
three  miles  east  of  here  to-day,  on  the  St.  Louis,  Chicago  & 
St.  Paul  Railway.  Engineer  Bernard  Lynch  was  killed  and 
Fireman  Edward  Harrison  was  seriously  injured. 

St.  Louis,  Mo.,  June  4.— The  passenger  train  on  the  Mobile 
&  Ohio  Railroad  was  ditched  at  Fisher's  Lake,  near  Columbia, 
to-night.  The  engineer  and  fireman  are  reported  to  be  fatally 
injured. 

Philadelphia,  Pa.,  June  4. — Samuel  Brown,  a  fireman  on  the 
Philadelphia  &  Reading  Railroad,  was  killed  while  attempt- 
ing to  boarrt  a  moving  train  this  morning.  He  stumbled  and 
lost  hold  of  the  car  and  fell  beneath  the  wheels.  The  head 
was  severed  from  the  body. 

Hudson,  N.  Y.,  June  5. — A  wild  freight  train  on  the  Cen- 
tral Massachusetts  Railroad  ran  into  a  shifting  engine  in  the 
Oakdale  yard  this  afternoon.  This  started  the  shifter,  which 
ran  iuto  another  wild  freight  at  Canada  Mills,  aud  Engineer 
Litchman  had  his  leg  broken. 


Lyons,  N.  T.,  June  5. — Engineer  De  Wolfe,  while  leaning 
out  of  his  cab  window,  was  struck  by  a  mail-pouch  catcher. 
He  was  knocked  senseless,  but  soon  recovered. 

Brazil,  Ind.,  June  6. — Engineer  William  Barr,  hauling  an 
extra  freight  train  on  the  Vandalia  Line,  was  hit  by  a  large 
stone  on  the  back  of  his  head  and  killed  almost  instantly  ;  the 
stone  was  thrown  by  one  of  a  mob  of  miners. 

Knightsville,  Ind.,  June  6.— Strikers  stopped  a  freight  train 
at  this  point  this  afternoon,  and  killed  the  engineer  with  stones. 

Duluth.  Minn.,  June  7— A  crowd  of  strikers  surrounded  a 
train  on  the  St.  Paul  &  Duluth  Railroad  and  stoned  the  en- 
gineer, injuring  him  seriously. 

Birmingham,  Ala.,  June  ?. — A  Georgia  &  Pacific  coal  train 
ran  into  a  burning  trestle  at  Patton  early  this  morning.  The 
engine  and  eight  cars  pitched  into  the  ravine  below.  Engineer 
Goodman  had  his  ankle  broken  and  sustained  internal  injuries. 
Fireman  Charles  Berry  was  badly  cut  about  the  head. 

Vancouver,  B.  C,  June  7.— A  cloud  burst  caused  a  land 
slide  and  wrecked  a  Raymond  excursion  train  to-day.  It  is 
reported  that  both  engineer  and  fireman  were  killed. 

Butler,  Mon.,  June  8.— A  passenger  train  was  derailed  on 
the  Northern  Pacific  Railroad  just  west  of  here  to-day.  En- 
gineer Draper  was  fatally  hurt  and  Fireman  Lemin  slightly 
injured. 

Denver,  Col.,  June  8. — A  passenger  train  was  wrecked  in 
Clear  Creek  Canon  this  morning.  John  Cooper,  the  engineer, 
was  injured.  The  accident  was  caused  by  a  sunken  rail  in  the 
road-bed  on  a  sharp  curve,  throwing  part  of  the  train  into  the 
water. 

Tiffin,  O.,  June  8. —A  head-end  collision  occurred  at  Repub- 
lic, on  the  Baltimore  &  Ohio  Railroad,  between  two  freight 
trains  this  morning.     One  engineer  had  his  foot  cut  off. 

Atlanta,  Ga.,  June  9.— A  head -end  collision  occurred  be- 
tween a  passenger  and  freight  train  on  the  Georgia  &  Pacific 
Railway,  at  Greenville,  Miss.  Engineers  Warwick  and  Dun- 
lap  were  mortally  injured. 

■Golden,  Col.,  June  8.— A  passenger  train  on  the  Colorado 
Central  Railroad  was  wrecked  west  of  this  place  this  morning. 
At  a  soft  point  in  the  track  the  rail  had  sunk,  causing  a  derail- 
ment. John  Cooper,  the  engineer  of  the  train,  had  his  back 
slightly  hurt. 

Fort"  Williams,  Man.,  June  9.— A  burning  bridge  gave  way 
under  a  Canadian  &  Pacific  express  train  near  this  point  to- 
day.    Fireman  Whitehead  and  Engineer  Elms  were  injured. 

Bellaire,  O.,  June  9. — Miners  stoned  an  engine,  hauling  a 
coal  train,  near  Neil's  Landing  to-day.  Charles  Bailey,  the 
fireman,  was  struck  on  the  head  and  his  skull  was  fractured. 
Engineer  Swarts  was  also  slightly  injured. 

St.  Louis,  Mo.,  June  9. — A  fast  train  on  the  Vandalia  Line 
was  wrecked  near  Pocahontas,  111.,  this  morning.  Something 
broke  on  the  forward  truck,  derailing  the  train.  Fireman 
S.  A.  Paulsen  was  crushed  under  the  tender  and  killed. 

Biddeford,  Me.,  June  10. — A  passenger  train  on  the  Boston 
&  Maine  was  wrecked  at  the  station  here  this  morning.  The 
engine  tipped  over,  and  Engineer  Clarence  H.  Dodge  and 
Fireman  Charles  L.  Thomas  were  injured,  but  not  seriously. 
The  cause  of  the  accident  was  the  spreading  of  the  rails. 

Owensburg.  Ky.,  June  12. — Train  wreckers  ditched  a  train 
of  eight  cars  from  a  coal  train  on  the  Mississippi  Valley  Rail- 
road above  Central  City  to-night.  Fireman  McDowell  and 
the  engineer  were  injured. 

Red  Bluffs,  Cal.,  June  14.— The  logging  train  belonging  to 
the  Sierra  Lumber  Company  jumped  from  a  trestle  this  morn- 
ing and  plunged  down  the  canon.  The  engineer  and  fireman 
were  injured,  but  not  seriously. 

Aurora,  Mo.,  June  15— A  freight  train  on  the  Greenfield  & 
Northern  Railway  was  wrecked  by  tramps,  by  placing  rails 
on  the  track  3  miles  north  of  Mt.  Vernon  this  morning.  The 
engineer  was  badly  burned  ;  the  fireman  was  terribly  scalded 
and  died  in  great  agony. 

New  London,  Conn.,  June  17.— J.  R.  Sperry,  an  engineer 
ou  the  Shore  Line  Railroad,  was  struck  by  a  switching  engine 
to-night.  He  was  knocked  down,  and  the  wheels  cut  off  his 
left  leg  at  the  knee  and  the  toes  of  his  right  foot. 

Lafayette,  Ind.,  June  20. — A  rear-end  collision  occurred  this 
evening  on  the  main  line  of  the  Wabash  Road,  near  this  city. 
It  is  reported  that  the  engineer  and  fireman  of  the  colliding 
train  were  killed. 

Caldwell,.  O.,  June  20. —A  freight  train  on  the  Bellaire, 
Zanesville  &  Cincinnati  Railway  went  through  a  trestle  near 
here  to-night.  Fireman  Allen  was  instantly  killed  and  En- 
gineer Smith  seriously  injured. 

Knoxville,  Tenn.,  June  20. — A  locomotive  on  the  Marietta  & 
North  Georgia  Railroad  exploded  its  boiler  at  Hiwassee  this 
afternoon,  instantly  killing  Fireman  James  Deverais. 

Duluth,  Minn.,  June  20. — There  was  a  collision  between  two 
trains  on  the  Duluth  &  Iron  Range  Railroad  at  Robinson  Lake 
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last  night.  Engineer  Oscar  Norlander  was  injured,  suffering 
a  contusion  of  the  spine. 

Lafayette,  Ind.,  June  21. — A  collision  between  Wabash 
freight  trains  occurred  near  this  point.  Engineer  J.  G.  Storze 
was  seriously  injured. 

Augusta,  Ga.,  June  21. — Train  wreckers  broke  a  lock  on  the 
switch  station  of  an  old  siding  near  Millen  this  morning,  and 
placed  ties  upon  the  track.  After  opening  the  switch,  a  mixed 
train  ran  into  it  and  was  wrecked.  Engineer  Clem  Starr  and 
Fireman  Jasper  Robner  jumped,  but  were  caught  in  the 
wreck.  Engineer  Starr  had  his  right  leg  broken  and  thigh 
fractured.  He  was  also  internally  injured,  and  there  is  no 
hope  of  his  recovery.  The  fireman  escaped  with  a  sprained 
ankle. 

Paterson,  X.  J..  June  22. — Engineer  Floyd  Pollison,  hauling 
a  fast  train  on  the  New  York,  Susquehanna  &  Western  Rail- 
road, while  leaning  out  from  the  tender,  trying  to  detect  some 
fault  with  his  air  brakes,  was  struck  by  a  signal  pole  and  se- 
verely injured,  but  not  fatally. 

Denver,  Col.,  June  25. — John  P.  Finch,  an  engineer  on  the 
Burlington  &  Missouri  Railroad,  fell  from  his  engine  this  after- 
noon. His  skull  was  fractured  and  his  face  mangled  beyond 
recognition.  The  engine  was  moving  at  the  rate  of  20  miles 
an  hour  at  the  time,  and  he  was  dead  when  his  body  was 
picked  up. 

Galena,  111.,  June  28. — A  fireman  on  the  Chicago,  Burling- 
ton &  Quincy  Railroad  was  seriously  burned  this  morning  by 
the  bursting  of  a  lubricator  glass  which  allowed  the  oil  to  flow 
down  over  the  boiler  head.  Martin's  clothes,  which  were  satu- 
rated with  oil,  caught  fire,  and  he  was  soon  enveloped  in 
flames. 

Chicago,  111.,  June  28. — Herbert  Van  Avery,  an  engineer  on 
the  Chicago  &  Northwestern  Railroad,  was  fatally  injured  by 
being  struck  by  a  piece  of  cylinder-head  that  blew  out  this 
morning. 

Reading,  Pa.,  June  28.— A  passenger  train  on  the  Pennsyl- 
vania Railroad  ran  into  the  rear  end  of  a  freight  train  2  miles 
north  of  this  city  this  morning.  James  Murray,  fireman  of 
the  passenger  train,  jumped,  and  was  instantly  killed. 

Louisville.  Ky.,  June  28. — A  freight  train'on  the  Kansas 
City,  Memphis  >&  Birmingham  Road  jumped  the  track  near 
Horse  Creek  to-day  and  was  wrecked.  Engineer  Bois  Clair 
escaped  by  jumping,  but  was  internally  injured.  The  fire- 
man, Jack  Hale,  was  caught  under  the  locomotive  and  scalded 
and  crushed  to  death. 

Wheeling,  W.  Va.,  June  28. —Otto  Bowers,  a  locomotive 
fireman  on  the  Baltimore  &  Ohio  Railroad,  was  thrown  under 
the  wheels  and  crushed  to  death  while  jumping  from  his  en- 
gine this  afternoon. 

Chicago,  111.,  June  29.— Spikes  were  driven  into  a  switch 
and  along  the  Chicago  &,  Alton  tracks  near  Sixteenth  Street 
this  morning  ;  an  engine  pulling  a  freight  train  was  derailed 
and  thrown  on  its  side.  The  engineer  and  fireman  escaped 
with  bruises. 

Our  report  for  June,  it  will  be  seen,  includes  39  accidents,  in 
which  14  engineers  and  12  firemen  were  killed,  and  20  en- 
gineers and  10  firemen  were  injured.  The  causes  of  the  acci- 
dents may  be  classified  as  follows  : 

Boarding  train  in  motion  1 

Boiler  explosion 1 

Broken  truck 1 

Bursting  lubricator  glass 1 

Collisions 9 

Defective  bridge 3 

Derailments 6 

Falling  from  engine 2 

Landslide.    1 

Rails  spreading 1 

Strikers *  . . . .  4 

Struck  by  cylinder-head    1 

"      "  engine 1 

"       "  obstruction    3 

Train  wreckers 4 

Total ;;;i 

♦ 

PROCEEDINGS  OF  SOCIETIES. 


Engineers'  Club,  Philadelphia— At  the  meeting  of  June 
lij,  Mr.  Benjamin  Franklin  read  a  discussion  on  Mr.  Schernier- 
horn's  paper  on  the  Improvement  of  the  Delaware  River  at 
Philadelphia.  He  disagieed  with  Mr.  Schermerhorn'a  conclu- 
sions to  the  effect  that,  as  the  Delaware  River  is  not  a  silt-bear- 
ing stream,  properly  located,  artificial  channels  would  remain 
of  permanent  depth,  and  argued  that  permanency  of  result 


could  best  be  obtained  by  regulating  works,  and  that  no  de- 
pendence can  be  placed  upon  dredging  without  such  auxiliary 
structures. 

Association  of  Engineers  of  Virginia. — At  a  recent  meet- 
ing M.  Rene  de  Saussure  presented  a  paper  on  the  Reproduc- 
tion of  Color  by  Photography.  In  describing  the  process,  he 
stated  that  the  only  difference  between  this  and  the  ordinary 
process  was,  that  ordinarily  used  is  the  finer  preparation  of  the 
plates  and  the  introduction  of  a  mirror  immediately  behind 
the  plate.  The  principles  involved  are  the  relative  lengths  of 
the  waves  of  light  for  the  different  colors  and  the  interference 
produced  by  the  reflective  rays  acting  with  the  direct  rays  of 
light.  The  process  is  a  very  fine  demonstration  of  the  correct- 
ness of  the  wave  theory  of  light,  as  the  whole  process  is  workei  1 
out  on  that  theory  as  a  basis.  The  one  drawback  to  the  col- 
ored photographs  coming  into  common  use  is  the  fact  that  the 
plates  have  to  be  extra  fine  and  sensitive,  and  have  to  be  used 
within  a  day  or  two  after  they  have  been  prepared,  and  so 
cannot  be  put  upon  the  market  for  sale  until  improvements  are 
made  which  will  overcome  this  difficulty. 

Master  Car  Builders'  Association.— The  Secretary  has 
issued  a  circular  relating  to  letter  ballots  that  include  the  rec- 
ommendation of  the  committees  reporting  at  the  last  conven- 
tion. A  reference  to  our  issue  for  July  will  give  an  idea  of 
the  scope  of  the  recommendations,  the  first  of  which  re- 
lates to  the  size  of  catalogues,  specifications,  etc.  ;  the  second  is 
on  wheel  and  flange  gauges,  which  includes  the  following  defi- 
nitions : 

1.  Track  Rails  are  the  two  main  rails  forming  the  track. 

2.  Gauge  of  Tkack  is  the  shortest  distance  between  the 
heads  of  the  track  rails. 

3.  Base  Line,  for  wheel  gauges,  is  a  line  parallel  to  the  axis 
of  the  wheels,  drawn  through  the  point  of  intersection  of  tread, 
with  a  line  perpendicular  to  the  axis  and  passing  through  the 
center  of  the  throat  curve. 

4.  Inslde  Gauge  of  Flanges  is  the  distance  between  backs 
of  flanges  of  a  pair  of  mounted  wheels  measured  on  a  line 
parallel  to  the  base  line,  but  ±  in.  nearer  to  the  axis  of  the 
wheels. 

0.  Gauge  of  Wheels  is  the  distance  between  outside  faces 
of  flanges  of  a  pair  of  mounted  wheels  measured  on  a  line  par- 
allel to  the  base  line,  but  ^ }  in.  'further  from  the  axis  of  the 
wheels. 

6.  Thickness  of  Flange  is  the  distance  measured  parallel 
to  the  base  line  between  two  lines  perpendicular  thereto,  one 
drawn  through  the  point  of  measurement  of  "  inside  gauge  of 
flanges,"  and  the  other  drawn  through  the  point  of  measure- 
ment of  "  gauge  of  wheels." 

7.  Width  of  Tread  is  the  distance  measured  parallel  to  the 
base  line  from  a  line  perpendicular  thereto,  one  drawn  through 
the  point  of  measurement  of  "  gauge  of  wheels"  to  the  outer 
edge  of  the  tread. 

8.  Check  Gauge  Distance  is  the  distance  measured  parallel 
to  the  base  line  between  two  lines  perpendicular  thereto,  one 
drawn  through  the  point  of  measurement  of  inside  gauge  of 
flanges  "  on  either  wheel,  and  the  other  drawn  through  point 
of  measurement  of"  gauge  of  wheels  on  mate  wheel. 

9.  Over-All  Gauge  is  the  distance  parallel  to  the  base  line 
from  outer  edge  of  one  wheel  to  the  outer  edge  of  mate  wheel. 

Note.— It  should  be  understood,  from  the  above  definitions, 
that  if  the  M.  C.  B.  standards  already  adopted  are  taken,  the 
above-mentioned  wheel  gauge  will  be  directly,  or  by  infer- 
ence, as  follows  : 

Inside  gauge  of  flanges 4  ft.  of  in. 

Gauge  of  wheels 4  "   8J  " 

Thickness  of  flange If  " 

Width  of  tread 4k  ", 

Check  of  gauge  distance 4  "  6J  " 

Over-all  gauge 5  "   4- 

The  third  is  regarding  the  height  of  brake  beams,  which  is 
placed  at  13  in.  to  the  center  of  new  shoes  above  the  rail  for 
inside  hung  beams  and  144  in.  for  outside  hung  beams. 
Fourth,  steel-tired  wheels  and  their  limit  of  thickness  of  tires, 
which  should  not  be  less  than  1  in.  above  the  tread  and  the 
throat  of  the  flange.  Fifth,  safety  chains.  Sixth,  lubrication 
of  cars,  in  which  an  improvement  is  made  in  the  design  of  the 
journal  bearing  and  wedge  by  rounding  the  top  of  the  latter 
instead  of  the  top  of  the  bearing.  Seventh,  regarding  a  set  of 
journal  bearing  and  wedge  gauges.  Eighth,  a  modification  of 
the  dummy  coupling  hook.  "Ninth,  a  defect  card  for  air 
brakes.  Tenth,  freight  car  trucks.  Eleventh,  ladders  ;  in  the 
latter  case  it  is  claimed  thai  the  distance  of  34  in.  which  the 
round  stands  from  the  car  is  sufficient  to  allow  the  feet  to  slip 
through,  and  that  2A  in.  instead  of  'SI  in.  should  be  made  the 
standard. 
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INTERNATIONAL   RAILWAY  CONGRESS 


The  fifth  session  of  the  International  Congress  of  Railways 
will  be  held  in  London  in  June,  1895,  as  announced  in  our 
issue  for  .June.  The  programme  of  papers  has  now  been  pub- 
lished, and  is  divided  into  five  sections.  The  first  section  is  on 
track  and  permanent  way. 

I.  Strengthening  of  Track  with  a  View  of  Increasing  the 
Speed  of  Traint.— Model  of  tracks  to  be  adopted  for  lines  trav- 
ersed by  high-speed  trains.  Small  increase  of  strength  of  ex- 
isting tracks,  so  as  to  admit  of  an  increase  in  the  speed  of  trains  : 

A.  Outline  of  rail.  Determination  of  dynamic  strains  to  be 
carried.     Results  of  experiments. 

B.  Conditions  of  manufacturing  and  nature  of  the  metal  of 
rails.  Comparison  of  soft  with  hard  steel.  Steel  product  : 
by  the  special  process  with  the  Bessemer  converter  ;  by  the 
basic  process  with  the  converter  ;  by  both  processes  with  the 
Martin  furnace. 

ft  Rail  connections.  Strain  carried  by  rail  joints.  Con- 
struction of  the  joint  which  will  assure  the  most  uniform  re- 
sistance of  the  track  at  all  points  ;  double-headed  and  Vignole 
rails. 

D.  Quality,  dimensions,  spacing. 

E.  Ballast  :  kind,  method  of  placing.  The  committee  to  re- 
port on  this  is  composed  of  M.  W.  Ast,  Consulting  Engineer 
to  the  Regency  and  Director  of  Track  and  Permanent  Way  of 
the  railway  of  the  North  Emperor  Ferdinand,  of  Austria,  50 
Nordbahustrassc,  Vienna  ;  and  Mr.  Hunt,  Engineer  of  Track 
of  the  Lancashire  &  Yorkshire  Railway,  Manchester.  England. 

II.  Special  Points  on  the  Truck. — Means  used  to  do  away 
with  the  slowing  down  of  fast  trains  and  avoiding  shocks  of 
passing  special  points  on  the  tracks,  such  as  curves  of  short 
radius,  long  grades,  point  switches,  crossings,  grade  crossings, 
turn-tables,  etc.     This  matter  is  in  charge  of  M.  Sabourct,  En- 

fineer  of  Bridges  and  Highways,  Chief  Engineer  of  Central 
ervice  of  the  Paris  &  Orleans  Railway,  1  Valhubert  Place, 
Paris. 

III.  Junction  Point*. — The  most  favorable  conditions  of  the 
construction  of  junction  points  on  tracks  where  high  speed 
trains  are  run,  with  a  view  of  entirely  doing  away  with  slow- 
ing down.  Best  arrangements  to  adopt  for  points  and  ties. 
Best  means  to  maintain  speed  of  trains  by  doing  away  with 
the  superelevation  of  the  rail  on  curves  at  junction  points. 
A.  Zauotta,  Chief  Engineer  of  the  Department  of  Maintenance 
Inspection,  and  Director  of  the  Mediterranean  Railway  of  Italy, 
Milan. 

IV.  Construction  and  Testing  of  Metallic  Bridges. — A.  What 
are  the  qualities  of  metal  used  and  to  be  used  in  railway 
bridges,  taking  into  account  the  specifications  in  vogue  in  dif- 
ferent couutries  ? 

IS.  What  is  the  nature  and  value  of  the  dilferent  methods 
used  by  various  railway  companies  for  periodical  testing  of 
metallic  bridges  ?  What  is  the  actual  importance  which  can 
be  given  to  these  tests,  and  can  they  be  regarded  as  an  experi- 
mental means  of  establishing  the  effective  conditions  of  solid- 
ity and  the  degree  of  safety  on  the  said  constructions  V  Max 
Edler  von  Leber,  Chief  Inspector  of  corps  I.  and  R.  of  the  ( Jen 
eral  Inspection  Department  of  the  Eastern  Railways  to  the 
Minister  I   and  R.  of  Commerce,  Vienna. 

SECTION    II.— LOCOMOTIVES  AND  CARS. 

V.  Boilers.  Fire-boxes  and  Tabes  of  Locomotives. — A.  Steel 
boilers  in  lire-boxes.  Strains  carried  in  service  and  conditions 
of  acceptance  of  sheets. 

B.  Iron  tubes.     Means  of  avoiding  cracks  in  tube  sheets. 

0.  Injurious  action  exerted  by  the  feed-water  upon  boilers 
and  tubes.     Systems  of  purification. 

li.  Programme  of  tests  relative  to  the  production  of  steam, 
to  wit  :  Results  given  by  tubes  according  to  their  diameter, 
their  length,  the  system,  their  airangement  in  the  boiler  ami 
the  metal  of  which  they  are  made  ;  tests  on  the  influence  of 
the  size  of  the  smoke-box  and  different  forms  of  stacks  ami 
spark  arresters  ;  tests  on  the  different  systems  of  exhaust  ; 
tesU  on  tin-  Influence  which  speed  may  have  on  production  of 
steam.  Eduard  Sauvage,  Engineer  of  Material  and  Rolling 
Stock ol  the  Eastern  Railways  of  France,  168  Ruede  Lafayette, 
Paris. 

VI.  Locomotives  for  High-speed  Trains. — Type  of  engine  best 
suited  for  high  speed.  Use  of  high  pressures  and  the  applica- 
tion of  the  compound  principle.  Improved  method  of  dis 
tribution  and  balanced  valve.  Conditions  of  construction  of 
locomotives,  with  a  view  to  decreasing  the  dynamic  strains 
exerted  upon  the  track.  Influence  from  the  latter  standpoint 
of  the  compound  arrangement.  Mr.  Aspinwall,  Chief  Mechani- 
cal Engineer  of  the  Lancashire  it  Yorkshire  Railway,  Horwich, 
England. 


VII.  Cars  for  High-speed  Trains. — Type  of  cars  for  high- 
speed trains  and  for  long  runs.  Flexibility  and  condition  of 
train.  Improvements  made  in  the  interior  arrangement.  Vari- 
ous methods  of  heating  and  lighting.  Mr.  Park,  Carriage 
Superintendent  of  the  London  &  Northwestern  Railway,  Ruel- 
burton,  England. 

VIII.  Electric  Traction.— General  system  of  electric  trac- 
tion. M.  Auvert,  Engineer  of  the  Central  Service  of  Material 
Department  of  the  Paris,  Lyons  it  Mediterranean  Railway, 
Boulevard  Diderot,  Paris. 

SECTION  III.—  TRANSPORTATION  DEPARTMENT. 

IX.  Acceleration  of  the  Transportation  if  Merchandise. — The 
influence  of  speed  of  transportation  on  the  expense  of  traction 
and  the  utilization  of  railway  stock  on  one  hand,  and  on  the 
efficiency  of  the  rolling  stock  and  the  development  of  fixed  in- 
stallations on  the  other  hand.  Mr.  Lambert,  General  Manager 
of  the  Great  Western  Railway,  Paddington,  London,  W.,  Eng- 
land. 

X.  Switching  at  Stations. — A.  Means  of  accelerating  switch- 
ing movements  and  the  handling  of  merchandise.  Arrange- 
ment of  stations  at  starting-points.  Mr.  J.  Richter,  Director 
of  the  line  from  St.  Petersburg  to  Varsouvia,  of  the  Russian 
State  Railway,  Varsouvia  Station,  St.  .Petersburg,  and  Mr. 
Turner,  General  Manager  of  the  Midland  Railway,  Derby, 
England. 

B.  Use  of  mechanical  and  electrical  methods  for  accelerat- 
ing the  handling  of  merchandise  and  switching  operations. 
Messrs.  Eugene  Sarliaux,  Chief  Electrician  of  the  Northern 
Railway  of  France,  95  Rue  de  Mandenge,  Paris  ;  and  A.  des 
Boschan.  Engineer  of  the  North  Emperor  Ferdinand  of  the 
Austria  Railway,  50  Nordbahnstrasse.  Vienna  ;  and  M.  Turner, 
General  Manager  of  the  Midland  Railway,  Derby,  England. 

XI.  Signals.  —Recent  improvements  in  the  block  signaling 
apparatus,  especially  from  the  standpoint  of  saving  of  installa- 
tion. Signals  in  tunnels.  Means  used  to  avoid  collisions  at 
dangerous  points  of  high  speed  lines  in  case  of  the  breaking 
down  of  the  stopping  signals.  Substitution  of  the  language  of 
colors  by  geometrical  forms,  with  a  view  of  avoiding  the  dan- 
gers resulting  from  color  blindness  or  defects  of  vision.  Messrs. 
Lucien  Motte,  Engineer  of  Track  and  Permanent  Way  of  the 
Belgian  State  Railway,  at  Namur  ;  and  Thompson.  Signal 
Superintendent  of  the  London  &  Northwestern  Railway  at 
Crewe,  England. 

XII.  Porterage  and  Tracking. — Organization  of  trucking 
service  for  gathering  in  and  delivery  of  goods  from  a  private 
warehouse  in  connection  with  railway  service.  Mr.  Twelve- 
trees,  Chief  Goods  Manager  of  the  Great  Northern  Railway, 
Kings  Cross,  London  N.,  England. 

SECTION  IV. — GENERAL  ORDER. 

XIII.  Organization  of  Service  of  Central  Administration  ..» 
tlu_  Different  Roads  of  Different  Countries. — Messrs.  Ducker, 
Director  General  of  the  Roumania  State  Railway,  and  Profes- 
sor in  School  of  Bridges  and  Highways  at  Bucharest,  Rou- 
mania, and  Harrison,  General  Manager  of  the  London  &  North- 
western Railway,  Euston,  London,  N.  W. 

XIV.  Regulation  of  Lawsuits. — The  regulation  of  lawsuits 
which  occur  in  the  different  railways  having  interchange  rela- 
tions. M.  Dupeil,  Director  of  the  Russian  Union  of  the  Inter- 
national Relation  of  Railways,  Italians  Kaia,  St.  Petersburg. 

XV.  Tuenty-fow-Bbur  Dials. — Introduction  of  continuous 
points  of  enumeration  from  1  to  24,  and  the  division  of  the 
hour  into  100  parts.  Condition  of  the  question.  Partial  ap- 
plication in  different  countries.  Advantages  to  the  public 
and  to  the  service,  The  modifications  of  the  dials  of  clocks 
that  would  be  necessary,  and  how  would  it  act  in  the  affirm- 
ative V  M.  Leon  Scolari,  Chief  Inspector  of  the  Mediter- 
ranean Railway,  Italy,  and  Joseph  Rocca,  Inspector  of  the  same 
road,  at  Milan. 

XVI-  Decimal  System. — Generalization  of  the  decimal  sys- 
tem in  calculations  relative  to  construction  and  the  manage- 
ment of  railways.  Means  of  facilitating  the  introduction  of 
the  metric  system  of  weights  and  measures  in  couutries  where 
it  is  not  in  use.  Mr.  Wilkinson,  Chief  Goods  Manager  of  the 
Great  Western  Railway,  Paddington,  Loudon,  W, 

SECTION  V. — ECONOMICAL  RAILWAYS. 

XVII.  Feeding  Railways. — A.  Means  used  by  the  manage- 
ment of  great  lines  to  facilitate  the  building  and  operation  of 
chief  feeding  lines.  II.  Debacker,  Director-General  of  the  So- 
ciety of  Economical  Railways  of  Belgium,  52  Rue  de  Armour, 
Brussels,  Belgium. 

B.  Facilities  which  can  be  guaranteed  by  the  governmental 
authorities  to  favor  the  construction  and  operation  of  railways 
of  light  Uallie,  without  injuring  them  in  any  way  from  the 
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standpoint  of  safety.  A.  C.  Humphreys  Owen,  Member  of 
the  English  Parliament,  Administrator  of  the  Cambrian  Rail- 
ways ;  and  P.  W.  Meik,  Member  of  the  Institution  of  Civil 
Engineers  of  England. 

XVIII.  Leasesoftlie  Operation  of  Chief  Railways. — Whatare 
the  countries  where  leases  have  been  applied  ?  What  are  the 
conditions  to  which  they  have  been  applied,  and  what  are  the 
useful  results  which  have  been  obtained  therefrom  ?  M.  Du 
Burlet,  General  Manager  of  the  National  Belgium  Railway, 
Societe  Nationale  Beige  des  Chcmins  de  Fer,  Vicinaux,  26  Rue 
du  Science,  Brussels  ;  and  C.  Colson,  Engineer  of  Bridges  and 
Highways,  50  Rue  de  Rennes,  Paris. 

XIX.  Depots  of  Chief  Railways. — Is  it  best  to  furnish  the 
name  of  the  depot  at  the  center  or  at  one  end  of  the  line  ? 
If.  Terzi,  Director  of  the  Suzzara-Verrara,  at  Sennide,  Italy. 

XX.  Brakes  of  Different  Railways. — Study  of  the  various 
systems  of  brakes  applied  to  different  railways.  Technical 
conditions  and  conditions  of  safety.  M.  Ploq,  Engineering 
Chief  of  the  Operating  Department  of  the  Societe  Generate 
des  Cbemins  de  Fer,  Economique,  at  Arras. 


Technical  reports  to  be  gathered  in  conformity  with  the  for- 
mulae adopted  by  the  congress  on  first  section  tracks  and  per- 
manent structures. 

A.  Breakage  of  steel  rails,  by  Mr.  Bricker,  Engineer  of 
Track  and  Buildings  of  the  State  Railway  of  France,  136 
Boulevard  Raspail,  Paris. 

B.  Cost  of  maintenance  of  metallic  ties  in  comparison  with 
those  of  wooden  ties  by  M.  Kowalski,  Engineer  of  the  Bone- 
Guelma  Railway,  Rue  des  D'Aslorg.  Paris. 

C.  Operation  of  wooden  ties  of  different  kinds  not  injected, 
or  injected  according  to  different  processes,  by  B.  Hezcnstein, 
Vice-President  of  the  Commission  on  the  Examination  for  the 
Preservation  of  Wood,  22  Xevsky  Prospect,  St.  Petersburg. 

SECTION  II.— LOCOMOTIVES  AND  ROLLING  STOCK. 

D.  Bent  axles  on  locomotives,  by  M.  Hodeige,  Chief  En- 
gineer of  the  Belgium  State  Railways,  10  Rue  des  Cale. 

E.  Locomotive  fire-boxes,  by  M.  Hodeige,  Chief  Engineer 
of  the  Belgium  State  Railways,  10  Rue  des  Cale. 

F.  Locomotive  boilers,  by  M.  Beleroche,  Chief  Engineer  of 
the  Central  Railway  of  Belgium,  76  Rue  Bellianl,  Brussels. 

G.  Lubrication  of  cars,  by  M.  Hubert,  Chief  Engineer  of 
the  Belgium  State  Railways,  19  Rue  de  la  Loi,  Brussels. 

//.  Switching  engines,  by  M.  Hodeige. 

SECTION  IV.—  GENERAL  ORDER. 

/.  Movement  of  personnel  in  different  countries,  by  G.  du 
Labeleye,  Meml>er  of  the  Congress  of  Administration  of  the 
Congo  Railway,  21  Place  Louvain,  Brussels. 


Recent  Inventions. 


DE  LAVAL'S  STEAM  TCRHINE. 

One  of  the  exhibits  at  Chicago  last  summer  which  attracted 
perhaps  as  much  or  more  attention  from  mechanical  engineers 
than  any  other  was  the  steam  turbine  which  is  the  invention 
of  Carl  Gustav  Patrik  De  Laval,  of  Stockholm,  Sweden.  This 
invention  is  very  fully  and  clearly  described  in  his  American 
patent,  which  has  recently  been  issued,  and  which  we  repub- 
lish, almost  entire,  with  the  engravings — figs.  1  and  2 — which 
are  appended  to  it.     In  these  specifications  tnc  inventor  says  : 

"  Heretofore  in  steam  turbines,  as  well  as  in  other  steam- 
engines,  the  energy  contained  in  the  steam  has  been  utilized 
in  the  form  of  pressure  and  the  steam  has  performed  its  me- 
chanical work  during  its  expansion.  According  to  my  inven- 
tion the  steam  is  expanded  in  a  nozzle  or  conduit  of  peculiar 
construction  before  it  acts  upon  the  turbine  or  bucket  wheel. 
During  this  expansion  of  the  steam  in  the  nozzle  or  conduit 
the  pressure  of  the  steam  is  converted  into  velocity,  and  the 
energy  contained  in  the  steam  is  made  use  of  after  it  leaves  the 
nozzle  or  conduit  in  the  form  of  its  vis  viva.  The  steam 
reaches  the  wheel  in  this  expanded  condition  and  rotates  the 
wheel  by  its  vis  viva,  while  heretofore  the  steam  was  expanded 
within  or  against  the  turbine  wheel  or  other  movable  part, 
which  was  so  actuated  by  the  pressure  of  the  expanding 
steam. 

"  In  the  accompanying  drawings  fig.  1  is  a  front  view  of 
my  improved  steam  engine,  parti}'  in  section  ;  fig.  2  is  a  frag- 
mentary side  view  of  the  same,  also  partly  in  section. 

"  Like  letters  of  reference  refer  to  like  parts  in  both  figures. 

"  A  represents  a  turbine  wheel  provided  at  its  face  with 
buckets  a. 


"  M represents  the  steam  nozzle  which  is  fitted  with  its  dis- 
charge end  against  one  side  of  the  wheel,  so  as  to  direct  the 
current  of  steam  against  the  buckets  thereof.  This  nozzle 
has  its  receiving  end  connected  with  a  steam-pipe  or  other 
steam  supply  which  furnishes  steam  to  the  nozzle  under  a 
suitable  pressure.  The  nozzle  may  be  contracted  from  its  re- 
ceiving end  to  its  narrowest  portion  b,  which  has  the  proper 
area  to  deliver  the  volume  of  steam  which  is  required  for  per- 
forming the  work  for  which  the  engine  is  designed.  The 
nozzle  is  diverging  or  gradually  enlarged  in  cross-section  from 
this  narrowest  point  to  its  discharge  opening  c,  by  which  the 
steam  is  delivered  against  the  buckets  of  the  wheel.  The  axis 
of  the  nozzle  is  arranged  at  an  acute  angle  to  the  plane  of  the 
wheel,  and  the  end  of  the  nozzle  is  arranged  parallel  with  the 
side  of  the  wheel,  so  as  to  fit  as  closely  as  possible  against  the 
same.  This  renders  the  diverging  portion  of  the  nozzle  short- 
est at  the  point  where  the  revolving  buckets  first  reach  the 
nozzle,  and  longest  at  the  point  where  the  buckets  leave  the 
nozzle. 

"  The  buckets  of  the  wheel  are  concavo-convex  and  ar- 
ranged with  the  convex  side  forwardly,  so  that  the  side  por- 
tion of  each  bucket  which  is  adjacent  to  the  steam  nozzle 
stands  about  in  line  with  the  axis  of  the  rozzle  in  passing  by 
the  latter,  while  the  opposite  side  portion  of  the  bucket  stands 
about  at  right  angles  to  the  axis  of  the  nozzle.  This  permits 
the  steam  current  to  enter  between  the  buckets  on  the  receiv- 
ing side  of  the  wheel  with  very  little  resistance. 

"  Scientific  researches  made  by  other  investigators,  as  well 
as  my  own,  have  shown  ihat  when  steam  issues  from  a  cylin- 
drical or  converging  nozzle,  the  maximum  ofjexpansion  which 


it  is  possible  to  attain  by  either  of  these  forms  of  nozzles  cor- 
responds to  57.7  per  cent,  of  the  initial  pressure.  A  certain 
amount  of  velocity  and  of  ma  viva  is  imparted  to  the  steam  by 
such  nozzles,  but  a  large  amount  of  the  pressure,  more  than 
one-half,  is  not  converted  into  velocity,  and  the  efficiency  of 
such  nozzles  is  therefore  very  low.  I  have  ascertained  that  it 
is  possible  to  expand  the  steam  to  or  below  the  atmospheric 
pressure  by  a  diverging  or  flaring  nozzle,  and  to  convert  all 
the  energy  contained  in  the  steam  into  m  tira. 

"  In  my  improved  nozzle,  as  shown  in  the  drawings,  the 
converging  portion  of  the  nozzle  serves  principally  to  reduce 
the  cross-section  of  the  outlet  to  that  area  which  will  emit  the 
necessary  quantity  of  steam.  In  engines  of  ordinary  size,  this 
area  of  the  narrowest  portion  of  the  nozzle  is  so  small  that  the 
steam  supply  pipe  has  to  be  much  larger  in  diameter  in  order 
to  render  its  connection  with  other  fittings  convenient  and  to 
avoid  excessive  friction  in  the  pipe,  but  while  the  converging 
portion  of  the  nozzle  is  therefore  desirable,  it  is  not  indis- 
pensable. 

"  The  steam  current,  when  leaving  the  narrowest  part  of 
the  discharge  nozzle,  has  reached  the  maximum  of  expansion 
which  is  possible  in  a  straight  or  contracted  nozzle,  and  the 
pressure  under  this  degTee  of  expansion  is  equal  to  57.7  per 
cent,  of  the  initial  pressure.  In  the  diverging  nozzle,  the 
pressure  is  still  further  reduced  by  expansion  and  the  speed 
of  the  current  is  correspondingly  increased  so  that,  at  the  dis- 
charge end  of  the  diverging  nozzle,  the  pressure  has  nearly 
dropped  to  that  of  the  atmosphere  or  to  that  of  the  fluid  or 
medium  into  which  the  nozzle  discharges,  and  practically  all 


382 


THE    AMERICAN    ENGINEER 


[August,  1894. 


the  pressure  of  the  steam  has  been  converted  into  velocity. 
In  other  words,  the  -">7.7  per  cent,  of  the  initial  pressure,  which 
existed  in  the  steam  current  at  the  throat  or  narrowest  point 
of  the  nozzle,  is  converted  into  velocity  by  expansion  in  the 
diverging  nozzle. 

"  The  diverging  nozzle  is  so  proportioned  that  the  speed  of 
the  steam  increases  as  it  passes  through  the  nozzle.  In  order 
to  attain  this  result  the  divergency  of  the  nozzle  should  be 
such  that  the  areas  of  succeeding  cross-sections  of  the  nozzle 
increase  in  a  lesser  degree  than  the  volume  of  the  steam  from 
cross-section  to  cross-section.  The  speed  of  the  steam  at  each 
given  cross-section  of  the  nozzle  depends  upon  the  proportion 
between  the  passing  volume  of  the  steam  and  the  area  of  the 
cross-section,  and  under  the  proportion  stated  the  volume  of 
the  steam  in  passing  tin ough  the  diverging  nozzle  increases  in 
greater  proportion  than  the  areas  of  the  cross-sections  of  the 
nozzles,  whereby  the  velocity  of  the  steam  is  correspondingly 
increased. 

"  As  an  illustration  it  may  be  stated  that  a  nozzle  in  which 
the  diverging  portion  has  a  diameter  of  t  of  an  inch  at  its  nar- 


ordinary  steam-engines  on  account  of  the  sensitiveness  of  the 
packing  boxes  to  heat. 

"  The  economy  of  this  turbine  has  been  established  by  nu- 
merous trials.  For  instance,  with  a  50-11. P.  turbine  dynamo 
an  effect  of  G3.7  H.P.  was  obtained  with  a  consumption  of 
19.73  lbs.  of  steam  and  2.07  lbs.  of  coal  per  hour  and  If. P. 

"  I  am  aware  that  in  Williams  on  '  Heat  in  its  Relations  to 
Water  and  Steam,'  pp.  235-44,  a  theory  is  set  forth  which 
apparently  does  not  agree  with  that  set  forth  in  the  foregoing 
description,  but  whether  this  disagreement  be  real  or  only 
apparent,  the  fact  is  that  the  statements  contained  herein  are 
correct  and  based  upon  many  carefully  conducted  trials  of 
steam  turbines  provided  with  the  various  nozzles  referred  to, 
which  trials  have  extended  over  a  considerable  period  of  time 
and  were  made  under  widely  different  pressures. 

"  I  claim  as  my  invention — 

"  1.  The  combination  with  a  bucket  or  turbine  wheel,  of  a 
stationary  nozzle  opening  adjacent  to  the  wheel  and  having 
its  bore  diverging  or  increasing  in  area  of  cross-section  toward 
its  discharge  end,  whereby  the  elastic  fluid  under  pressure  is 
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muest  point,  a  diameter  of  i;  of  an  inch  at  its  discharge  end, 
and  a  length  of  3  in.,  will  expand  steam  of  165  lbs.  pressure 
per  square  inch  down  to  3  lbs.,  and  will  produce  a  steam  cur- 
rent of  corresponding  velocity. 

"  With  a  properly  proportioned  diverging  nozzle,  the  steam 
issues  from  the  nozzle  in  a  compact  jet,  which  has  no  tendency 
to  further  expand  or  change  its  pressure  or  specific  gravity, 
hence  there  is  no  tendency  for  the  steam  to  leak  at  the  sides  of 
the  wheel,  but  the  entire  jet  is  bodily  thrown  against  the 
wheel  and  made  effective  in  actuating  the  same. 

"  The  steam  current,  issuing  from  the  nozzle  with  little  or 
no  pressure,  but  great  velocity,  strikes  the  buckets  of  the 
wheel  and  revolves  the  latter  at,  an  exceedingly  high  rate  of 
speed,  in  many  cases  higher  than  15,000  revolutions  per  min- 
ute.   The  practically  complete  conversion  of  the  pressure  of 

tin-  steam  into  velocity  and  the  utilization  of  the  sis  rim  ut 
the  swiftly  moving  current  of  steam  renders  this  engine  very 
economical  in  the  consumption  of  steam  while  its  construction 
is  exceedingly  simple. 

"  From  what  has  been  said,  it  is  evident  that  all  necessity 
of  tightening  against  steam  pressure  ceases  at  the  end  of  the 
nozzle.  In  this  consists  one  of  the  advantages  of  my  strain 
turbine  above  all  other  constructions  where  steam  is  admitted 
to  the  turbine  under  pressure,  and  consequently  leaks  out  at 
all  sides  instead  of  passing  through  the  turbine  wheel.  The 
live  steam  does  not  come  in  contact  with  any  of  the  working 
parts  of  the  turbine,  and  the  machine  therefore  works  equally 
well  with  superheated  as  with  saturated  steam.  Here  is  also 
an  opportunity  for  economizing  heat,  which  is  impossible  in 


expanded  in  passing  through  the  diverging  nozzle  and  its 
pressure  is  converted  into  velocity  before  the  jet  is  delivered 
against,  the  wheel,  substantially  as  set  forth. 

"  2.  The  combination  with  a  bucket  or  turbine  wheel,  of  a 
stationary  nozzle  opening  adjacent  to  the  wheel  and  provided 
with  a  contracted  receiving  portion  and  with  a  discharge  por- 
tion having  its  bore  diverging  or  increasing  in  area  or  cross- 
section  toward  its  discharge  end,  substantially  as  set  forth. 

"3.  The  combination  with  a  turbine  wheel  provided  with 
concavo-convex  buckets,  of  a  stationary  nozzle  arranged  at 
an  acute  angle  adjacent,  to  the  side  of  the  wheel  and  provided 
with  a  discharge  portion  having  its  bore  diverging  or  increas- 
ing in  area  of  cross-section  toward  its  discharge  end,  substan- 
tially asset  forth. 

"  4.  The  combination  with  a  bucket  or  turbine  wheel,  of  a 
stationary  nozzle  arranged  to  deliver  a  jet  of  expansive  fluid 
against  the  wheel,  and  having  its  cross-sections  increasing  in 
area  toward  its  discharge  end  in  a  lesser  degree  than  the  in- 
crease of  the  volumes  of  the  fluid  passing  through  the  respec- 
tive cross  sections,  whereby  velocity  is  imparted  to  the  fluid 
during  its  expansion  in  the  nozzle,  substantially  as  set  forth." 

The  patent  is  No.  522,066,  and  dated  June  26,  1804. 

STEAM-ENGINE. 

Charles  T.  Porter,  of  Montclair,  N.  J.,  has  patented  the 
arrangement,  for  operating  a  piston  or  slide-valves  of  steam- 
engines  by  a  cam,  which  is  shown  in  figs.  3,  4  and  5.  Fig.  3 
is  a  front,  view,  looking  tit  the  fly-wheel  and  crank  of  the  en- 
gine, with  the  valve-operating  mechanism  shown  in  section. 
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Fig.  4  is  a  transverse  section  drawn  on  the  line  6  6  of  fig.  3, 
and  fig.  5_is  a  view  of  some  of  the  parts  shown  in  fig.  3,  but 
drawn  to  a  larger  scale.  Two  cams,  B  B,  are  mounted  on  a 
shaft,  B\  which  is  supported  on  a  stand  or  bearings,  2,  3,  at- 
tached to  the  engine  frame  or  bed-plate.  This  shaft  is  driven 
by  a  return  crank,  D",  which  is  fastened  to  the  crank-pin  B:. 
E  is  a  lever  which  is  journaled  in  the  fixed  bearing  E1.  The 
upper  end  of  this  lever  has  two  rollers,  G  G,  attached  to  it 
which  bear  against  the  cams  I)  D.  A1  is  a  cylinder  also  at- 
tached to  the  engine  frame,  and  provided  with  an  elongated 
piston,  J,  and  a  piston-rod,  K.  This  rod  has  rounded  ends, 
which  rest  in  corresponding  bearings  J'2  in  the  piston  and  E3 
in  the  lever.  A1  is  a  pipe  by  which  steam,  compressed  air,  or 
other  fluid  is  conducted  to  the  cylinder  A*,  and  which  forces 
the  piston  /outward  and  presses  the  rod  K against  the  lever 
E.  and  thus  keeps  the  rollers  G  G  in  contact  with  the  cams 
D  B.  The  rod  H  is  connected  with  the  valve,  which  is  thus 
operated  by  the  action  of  the  cams  B  B.  These  cams,  it  is 
claimed  by  the  inventor,  can  be  made  of  such  a  form  as  will 
produce  a  better  distribution  of  steam  than  is  possible  with  an 
eccentric.  The  form  which  he  proposes  for  these  cams  is 
fully  described  in  the  patent,  which  is  numbered  517,983,  and 
dated  April  10,  1894. 

QUICK-SPEED  STF.AM-ESGKE. 

Mr.  John  P.  Devoissaud,  of  Sherman,  Tes.,  is  the  inventor 
of  the  steam-engine,  a  longitudinal  section  of  which  is  repre- 
sented by  fig.  6.  It  consists  of  two  single-acting  cylindeis, 
B  and  B',  the  pistons  of  which  are  connected  to  an  oscillating 
beam,  N,  which  in  turn  is  connected  to  a  crank-shaft,  E,  by  a 
connecting-rod,  Q.  Both  pistons  are  operated  by  a  single  slide- 
valve,  C,  which  is  moved  by  an  eccentric  F,  rod  Fl,  rock- 
shaft  F*  F3  F*,  and  valve-stem  /,  in  a  manner  which  will  be 
apparent  from  the  engraving  without  other  explanation.  G  is 
a  throttle- valve,  but  the  object  in  constructing  it  in  that  form 


FIG.  6 


is  not  apparent.  The  inventor  has  evidently  aimed  lo  balance 
one  piston  by  the  movement  of  the  other.  The  patent  is  num- 
bered 519,943,  and  dated  May  15,  1894. 

STEAM-E>-C.I>-E. 

Mr.  Benjamin  Franklyn  Sparr,  of  Brooklyn,  N.  T.,  has  pat- 
ented the  form  of  compound  engine,  the  cylinder  of  which  is 
shown  by  fig.  7,  and  is  described  as  follows  in  his  specifica- 
tions : 

"  The  letter  a  represents  a  steam  cylinder  provided  with  an 
enlarged  central  chaml>er,  a',  and  with  contracted  ends  at  both 
sides  of  said  chamber.  The  piston-head  b  is  provided  at  its 
center  with  a  fixed  collar,  V,  adapted  to  reciprocate  within 
chamber  a  .  while  the  two  ends  of  the  piston  are  of  a  size  to 
engage  the  two  contracted  ends  of  the  cylinder.  The  cylin- 
der a  is  provided  with  four  ports,  1,  2,  3,  4,  of  which  the  ports 
1  and  4  enter  the  extreme  ends  of  the  cylinder  itself,  while 
the  ports  2  and  3  enter  opposite  ends  of  the  chamb. 3 
The  valve  c  js  provided  with  the  steam  duct  5,  adapted  to 
register  with'  the  ports  1,  2,  3,  and  4.  and  with  a  duct,  6, 
adapted  to  register  with  the  exhaust  7. 

"  The  operation  of  the  engine  will  be  readily  understood. 
Steam  enters  the  valve  chamber  d,  through  pipe  8,  and  passes 
into  port  1,  to  move  the  piston  toward  the  right.  The  valve  t 
will  move  past  port  1,  to  open  the  same  fully.  At  the  same 
time  the  steam  from  port  4  will   pass  through  duct  5  and 


port  2,  against  the  left-hand  face  of  collar  b',  to  assi-: 
steam  entering  through  port  1.  The  steam  from  the  right- 
hand  side  of  collar  b'  goes  to  the  exhaust  by  passages  3.  8, 
and  7.  When  the  piston  has  reached  its  extreme  position,  the 
operation  of  the  parts  is  reversed.  That  is  to  say,  the  live 
steam  enters  port  4  from  the  valve  chamber,  and  the  steam  from 


<2* 


F  IG  7. 


!*• 


the  left-hand  end  of  the  piston  passes  through  port  1,  duct  5, 
and  port  3  to  the  right-hand  side  of  collar  b'.  The  steam  from 
the  left-hand  side  of  such  collar  is  exhausted  through  passages 
2,  6.  and  7." 

It  is  not  clear  from  the  engraving  how  the  central  piston  or 
"collar  V,"  as  the  inventor  calls  it,  could  be  put  into  the 
large  cylinder  or  central  chamber  <*'.  It  would  seem  to  be 
essential  to  make  the  small  cylinders,  or  one  of  them,  separate 
from  the  large  one  and  then  bolt  them  together.  The  plan 
appears  to  have  considerable  merit,  and  is  especially  adapted 
to  compound  locomotives. 

The  number  of  the  patent  is  520,456.  and  its  date  Ma 
1891 

CAR  BUFFER. 

Mr.  William  F.  Richards,  of  Buffalo,  X.  T.,  is  the  inventor 
of  the  arrangement  shown  by  fig.  8,  and  has  assigned  the  pat- 
ent to  the  Gould  Coupler  Company. 

He  has  described  his  invention  as  follows  in  his  specifica- 
tions : 

"  This  invention  relates  to  the  buffers  or  yielding  platform 
extensions  which  are  applied  to  the  ends  of  railway  cars,  and 
more  especially  to  buffers  of  this  kind  which  are  capable  of 
an  oscillating  motion,  so  as  to  accommodate  themselves  to  the 
position  of  the  cars  in  rounding  curves.  These  buffers  are 
provided  with  extension  springs  for  holding  them  in  contact 
with  the  buffer  of  an  opposing  car,  so  as  to  form  a  continuous 
platform  between  the  cars.  When  the  cars  are  coupled,  the 
extension  springs  of  the  buffers  are  compressed,  and  in  order 
to  permit  the  cars  to  be  easily  coupled  and  uncoupled,  the 
springs  must  be  comparatively  light. 

"  My  invention  has  for  its  object  to  provide  the  buffer  with 
simple  and  inexpensive  means  whereby  an  increased  or  sup- 
plemental pressure  may  be  applied  thereto,  after  the  cars  have 
been  coupled,  so  as  to  hold  the  buffers  of  opposing  cars  In 
firmer  contact  with  each  othet  and  thereby  check  or  avoid  the 

-  -eeable  rolling  or  swaying  motion  of  the  cars,  without, 
however,  interfering  with  the  easy  coupling  or  uncoupling  of 
the  same. 

"  Fig.  8  is  a  sectional  top  plan  view  of  the  platform  and  ad- 
jacent portion  of  a  railway  car  containing  my  improvement, 
the  flooring  being  omitted  to  expose  the  parts  underneath  the 
same. 

"  A  represents  the  longitudinal  timbers  of  the  stationary  car 
platform.  B  the  cross  timber  connecting  the  outer  ends  of  the 
longitudinal  timbers,  and  C  the  end  sill  of  the  car  body. 

"  B  is  the  buffer  or  yielding  platform  extension  which  pref- 
erably consists  of  a  transverse  vertical  buffer  plate  having  at 
its  upper  end  a  horizontal  threshold  plate,  d.  extending  in- 
wardly over  the  end  timber  B  and  overlapped  by  a  foot-plate, 
<f ,  secured  to  said  timber. 
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'  E  is  the  main  buffer  stem  which  carries  the  buffer  and 
which  is  guided  with  its  outer  portion  in  a  central  opening 
formed  in  the  end  timber  of  the  platform,  and  with  its  con- 
tracted inner  portion  in  an  opening,  e,  formed  in  a  block.  E  . 
secured  between  the  longitudinal  central  timbers  of  the  plat- 
form. 

"  P  is  the  light  extension  spring  of  the  buffer,  which  sur- 
rounds- the  contracted  inner  portion  of  the  buffer  stem  between 
the  collar  or  shoulder/ of  the  latter,  and  the  bottom  of  a  hori- 
zontal socket,  g.  This  socket  is  arranged  in  a  horizontal  eye 
or  collar,  It,  formed  centrally  in  a  transverse  follower  or  abut- 
ment bar,  //.  which  latter  is  arranged  to  move  toward  and 
from  the  end  timber  of  the  platform  and  is  guided  in  slots  or 
recesses  h  formed  lengthwise  in  the  longitudinal  timbers  of 
the  platform.  The  socket  g  is  provided  at  its  front  end  with 
an  annular  flange,  g  .  which  bears  against  the  front  side  of  the 
follower  11,  and  whereby  the  socket  and  the  rear  end  of  the 
extension  spring  are  compelled  to  move  forward  with  the  fol- 
lower. When  in  its  rearmost  position  the  socket  g  is  seated 
with  its  rear  end  in  a  recess,  i,  formed  in  the  block  E . 

"lis  the  usual  main  or  heavy  buffer  spring  which  surrounds 
the  light  extension  spring  and  sustains  any  heavy  shocks  that 
overpower  the  latter.  When  this  heavy  spring  comes  into 
aclion,  it  is  compressed  between  the  collar/ of  the  main  buffer 
stem  and  the  flange  of  the  socket  g. 

"  J  J  represent  the  side  stems  or  stay  rods  of  the  buffer, 


under  pressure  for  actuating  their  pistons,  but  they  are  pref- 
eiably  supplied  with  compressed  air  from  an  auxiliary  reser- 
voir, 31,  connected  by  a  pipe,  m.  with  the  reservoir  which  sup- 
plies compressed  air  for  applying  the  brakes  of  the  car.  A 
reducing  valve,  m',  of  an  ordinary  construction  is  preferably 
arranged  in  the  pipe  m.  ra-  is  the  main  supply  pipe  connected 
with  the  auxiliary  reservoir,  and  ms  mJ  are  branch  pipes  lead- 
ing from  said  pipe  to  the  rear  ends  of  the  pressure  cylinders. 

"  N\s  a  three-way  cock  or  valve,  of  any  suitable  construc- 
tion, arranged  in  the  main  supply  pipe  »i2.  and  having  its 
ports  so  arranged  that  upon  turning  the  valve  in  one  direction 
the  pressure  cylinders  are  placed  in  communication  with  the 
reservoir,  while  upon  turning  it  in  the  opposite  direction;  the 
supply  of  air  to  the  cylinders  is  shut  off  and  the  air  in  the 
same  is  allowed  to  escape,  to  permit  the  pistons  to  return  to 
the  rear  ends  of  the  cylinders. 

"  In  the  normal  position  of  the  parts,  before  the  cars  are 
coupled,  the  follower  is  in  its  rearmost  position  and  bears 
against  the  rear  ends  of  the  recesses  in  which  it  is  arranged, 
and  the  pistons  of  the  pressure  cylinders  are  at  the  rear  ex- 
tremity of  their  stroke,  as  indicated  in  fig.  8.  In  this  position 
of  the  parts,  the  follower  II  serves  merely  as  a  stationary  rear 
abutment  for  the  various  springs  of  the  buffer,  and  upon 
coupling  the  cars,  the  buffer  is  pressed  inward  in  the  ordinary 
manner.  After  the  cars  have  been  coupled,  compressed  air  is 
admitted  to  the  pressure  cylinders  by  properly  turning  the 
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which  are  pivoted  at  their  front  ends  to  the  buffer  on  opposite 
sides  of  its  pivot  and  which  carry  the  usual  righting  springs 
K.  These  side  stems  are  guided  with  their  front  portions  in 
openings  formed  in  the  end  timber  B.  Their  rear  portions 
may  be  guided  in  openings  formed  directly  in  the  end  portions 
of  the  follower  //,  but  they  preferably  slide  in  movable  tubes 
/.-,  as  described  and  shown  in  Letters  Patent  of  the  United 
States,  No.  495,061,  granted  to  me  April  11,  1893,  by  which 
construction  the  side  springs  serve  to  hold  the  buffer  from 
rattling  when  the  cars  are  uncoupled  as  well  as  to  right  the 
same.  Any  other  suitable  or  well-known  spring  mechanism  for 
projecting  the  buffer  may,  however,  be  employed,  if  desired. 

"I,  L  represent  a  pair  of  pressure  cylinders  arranged  in 
rear  of  the  follower  II,  on  opposite  sides  of  the  platform  cen- 
ter, and  each  containing  a  piston,  I.  Each  of  these  pistons 
has  a  rod,  I ,  which  passes  through  an  opening  formed  in  the 
front  head  of  the  cylinder  and  is  attached  at  its  outer  end  to 
the  follower,  preferably  by  a  vertical  bolt,  as  shown  in  fig.  1. 
The  pressure  cylinders  may  be  supplied  with  any  suitable  fluid 


three-way  valve  in  the  main  pipe  m?.  The  compressed  air 
entering  the  cylinders  behind  their  pistons  forces  the  latter  to 
the  front  end  of  the  cylinders,  thereby  moving  the  follower 
forward  with  the  same,  and  further  compressing  the  several 
springs  between  their  abutments.  The  supplemental  pressure 
thus  applied  to  the  springs  is  exerted  upon  the  buffer,  causing 
the  same  to  be  pressed  with  correspondingly  increased  force 
against  the  buffer  of  the  opposing  car,  thereby  restraining  the 
movements  of  the  buffers  upon  each  other  and  avoiding  the 
unpleasant  rocking  or  swaying  motion  of  the  cars  which  is 
permitted  by  an  ordinary  spring  buffer. 

"  When  it  is  desired  to  uncouple  the  cars,  the  three-way 
valve  of  the  main  air-pipe  is  turned  in  the  proper  direction  to 
shut  off  the  further  supply  of  air  to  the  pressure  cylinders  and 
permit  the  air  to  escape  therefrom.  The  pressure  being  now 
removed  from  the  rear  side  of  the  follower,  the  compressed 
springs  expand  to  their,  former  light  tension  and  return  the 
follower  to  its  normal  position,  permitting  the  cars  to  be  un- 
coupled without  difficulty." 
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The  fact  that  it  is  possible  for  a  sea-going  vessel  to  go  from 
the  Gulf  of  St.  Lawrence  to  the  Great  Lakes  by  way  of  the 
Canadian  canals  has  served  as  a  spur  for  a  number  of  years  to 
the  congressional  representatives  of  the  States  bordering  on 
these  inland  seas  to  press  the  construction  of  a  ship  canal  from 
the  lakes  to  the  sea  in  the  territory  of  the  United  States.  A 
bill  to  secure  an  appropriation  sufficient  for  a  preliminary  sur- 
vey is  now  before  the  House,  but  its  chances  of  passing  are 
exceedingly  slim,  owing  to  the  facts  that  the  amount  ($100,000) 
would  be  a  mere  bagatelle  as  compared  to  the  total  expenses 
and  that  now  is  the  era  of  retrenchment. 


It  is  almost  startling,  when  we  remember  that  in  1887  the 
first  really  commercially  successful  electric  railway  was  start- 
ed in  Scranton,  Pa.,  to  read  that  articles  of  incorporation  for  a 
network  of  electric  railways  that  will  connect  Jersey  City  and 
Philadelphia  have  been  filed.  There  is  no  reason  why  such 
roads  should  not  be  built,  for  the  whole  distance  is  clotted  with 
thriving  towns,  like  beads  on  a  string,  and  the  constant  desire 
of  man  to  be  somewhere  else  than  where  he  now  is  leads  him  to 
patronize  the  trolley  and  go  to  the  next  town.  A  similar  sys- 
tem of  interurban  roads  already  exists  in  the  coal  regions  of 
Scranton  and  Wilkesbarre,  and  it  is  doing  a  thriving  business. 
How  long  it  will  be  before  these  roads  can  compete  with  the 
steam  lines  for  through  passenger  and  all  freight  business  the 
future  alone  can  tell. 


wreckers  and  strikers.  In  every  instance  but  one  they  were 
credited  to  the  account  of  the  strikers.  In  these  1 1  accidents 
six  engineers  and  four  firemen  were  killed,  and  four  engineers 
and  three  firemen  injured.  It  is  poor  consolation  for  the  fami- 
lies of  these  men  to  know  that  they  were  killed  and  injured  in 
the  performance  of  their  duty.  It  was  a  case  of  mob  violence, 
exerted  by  one  set  of  men  against  their  mates,  unreasonable 
and  unreasoning,  and  the  results  have  been  so  disastrous,  and 
so  many  innocent  people  have  been  made  the  victims  of  this 
blind  wrath,  that  there  seems  to  be  many  very  good  reasons  for 
classing  attempts  at  train  wrecking  with  murder  in  the  first 
degree. 


News  of  the  battles  that  have  taken  place  between  the  Chi- 
nese and  Japanese  during  the  existing  state  of  unpleasantness 
is  so  exceedingly  meager  that  we  really  know  almost  nothing 
about  them.  But  viewed  through  the  mist  that  shrouds 
operations  on  the  Asiatic  coast,  it  would  seem  that  the  per- 
sonal equation  is  quite  as  important  a  factor  in  the  sea  fights 
conducted  with  turreted  battle  ships  as  it  was  in  the  old  strug- 
gle against  the  Spanish  Armada  in  the  English  Channel.  The 
know-how  and  the  vim  seems  to  count ;  and  while  the  Japan- 
ese navy  seems  confessedly  weaker  than  that  of  their  opponents 
from  the  standpoint  of  armor  and  armament,  they  appear  to 
be  getting  the  best  of  it.  As  this  is  the  first  war  that  has  given 
an  opportunity  to  test  the  modern  war  ship's  capacity  as  a  fight- 
ing machine,  the  engineering  world  will  watch  with  interest 
the  development  of  the  relative  values  of  guns,  armor,  torpe- 
does and  the  ram. 


The  remarkably  clear  comparison  of  the  working  of  loco- 
motive, stationary  and  marine  engines  published  in  another 
column  should  go  far  toward  straightening  out  the  entangle- 
ment of  ideas  that  now  prevail  regarding  the  use  of  the  com- 
pound locomotive.  The  facts,  briefly  stated,  seem  to  be  that 
for  the  economical  consumption  of  steam  the  locomotive  com- 
pares favorably  with  both  marine  and  stationary  engines  of 
the  same  type,  and  that  the  compound  will  effect  a  saving  over 
the  single  expansion  locomotive  when  it  is  worked  under  a 
higher  steam  pressure.  In  the  dispute  over  the  compound- 
single-expansion  question,  the  use  of  the  higher  pressures  by 
the  compounds  has  been  claimed  to  give  it  an  unfair  advantage 
over  the  single  expansion.  M.  Desdouits,  however,  claims  to 
have  proven  that  these  high  pressures  can  only  be  economi- 
cally used  in  connection  with  the  compound  engine,  and  it 
therefore  has  a  right  to  use  them  in  any  and  all  competitive 
trials. 


We  wish  to  call  particular  attention  to  our  report  of  acci- 
dents to  locomotive  engineers  and  firemen  for  the  month  of 
July  that  appears  in  another  column.  Out  of  the  50  accidents 
that  are  reported,  there  are  11   that  are  attributed   to  train 


A  decision  has  recently  been  rendered  by  an  English  court 
that  to  us  has  the  appearance  of  a  decided  novelty  in  the 
standpoint  taken  relative  to  the  liability  of  railroads  for  dam- 
ages. A  train  of  the  Midland  Railway  Company  was  timed 
to  start  at  5.18  a.m.  The  plaintiff,  who  was  a  miner,  took  a 
ticket  to  travel  by  that  train  to  his  work.  He  waited  at  the 
station  until  7  a.m.,  when  the  train  had  not  then  arrived,  As 
at  such  time  it  was  too  late  to  be  allowed  to  go  down  the  pit  to 
do  that  day's  work,  he  went  home.  He  brought  an  action 
against  the  railway  company  to  recover  the  day's  wages  he 
thus  lost.  The  Court  of  Appeal  decided  that  as  there  was  un- 
reasonable  delay  in  starting  the  train  the  plaintiff  was  entitled 
to  recover.  In  view  of  such  precedent,  it  would  tie  int* 
ing  to  see  what  stand  an  American  court  would  take,  and 
whether  the  fact  of  habitual  tardiness  would  be  detrimental  to 
the  company's  case,  especially  where  it  protects  itself  with  the 
notice  that  the  "  company  reserves  the  right  to  change  the  time 
of  any  or  all  of  its  trains  without  previous  notice,  and  only 
posts  this  time-table  for  the  convenience  of  the  public  to  show 
when  trains  may  be  expected. ' 'J^l" would' probably  be_difli 
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cult  to  collect  damages  from  a  company  shielded  behind  such 
a  notice  and  defended  by  a  shrewd  lawyer,  who  would  take 
advautage  of  every  technicality  :  and  yet  there  should  be  some 
redress,  for  in  selling  a  ticket  the  company  virtually  agrees 
to  perform  a  certain  service  at  a  certain  time,  which,  in  the 
case  of  a  delayed  train,  it  does  not  do. 


THE  PROCEEDINGS  OF  THE  MASTER  MECHAN- 
ICS' ASSOCIATION. 


REVIEWING  the  proceedings  of  a  number  of  meetings,  like 
these  which  the  Master  Mechanics  hold  annually,  is  a  little 
like  writing  history,  in  that  it  is  not  easy  to  regard  the  events 
which  have  transpired,  the  facts  which  have  l>een  adduced, 
the  theories  and  arguments  which  have  been  advanced  as 
calmly  and  dispassionately  at  the  time  the  events  are  oc< ur- 
ring,  or  immediately  after,  as  is  possible  when  the  whole  pro- 
ceedings are  condensed  into  one  volume,  and  are  in  a  con- 
venient form  for  reference  and  study.  The  report  of  the 
twenty-seventh  annual  convention,  which  was  held  at  Sara- 
toga Springs  in  June,  has  now  been  received,  and  invites  ex- 
amination, comment  and  criticism. 

The  first  observation  which  suggests  itself  is  the  very  neat 
cover  which  the  Secretory  has  designed  and  in  which  the  vol- 
ume is  bound.  It  is  of  a  pale  green  color,  with  the  title  print- 
ed in  what  in  schoolboy  days  we  called  "  old  English"  type, 
below  which  is  a  skeleton  view  in  outline,  with  the  main  parts 
represented  in  a  gray  tint,  of  the  Baldwin  compound  engine 
mbia,  which  was  exhibited  in  Chicago.  The  Baldwin 
Company,  it  is  thought,  has  never  done  this  engine  full  jus- 
tice in  the  photographs  and  other  illustrations  of  it  which  they 
have  published.  These  have  all  been  "  quartering"  views, 
lookinsr  toward  the  front  of  the  machine,  and  remind  one  of 
the  pictures  in  the  illustrated  papers  of  the  new  prince,  recent- 
ly acquired  in  England,  whose  head  is  made  the  prominent 
object  in  the  portraits.  These  and  the  photographs  of  the 
Columbia  make  one  think  of  those  embryonic  creatures  which 
consist  principally  of  head.  It  is  hardly  necessary  to  add  that 
this  impression  is  an  unfair  one  both  for  the  prince  and  the 
mbia.  Mr.  Sinclair  has  given  us  a  full  side  view  or  ele- 
vation of  this  locomotive  which  indicates  its  impressive  pro- 
portions, although  very  few  details  are  shown. 

The  President,  in  his  annual  address,  pointed  out  that,  owing 
to  the  general  depression  in  business,  the  most  urgent  duty 
resting  on  the  members  of  the  Association  is  the  reduction  of 
the  cost  of  operating  locomotives,  and  many  of  our  readers 
will  probably  sympathize  with  him  when  he  speaks  of  "  the 
incomprehensible  policy  of  rate  cutting." 

The  reduction  of  fuel  consumption,  he  points  out,  is  the 
direction  in  which  the  greatest  economy  may  probably  be 
made  ;  and  the  compound  locomotive,  he  thinks,  offers  the 
most  hopeful  means  of  attaining  such  economy.  Next  to  this 
source  of  saving,  increased  facilities  and  conveniences  for  mak- 
ing repairs  is  the  direction  in  which  locomotive  superintend- 
ents must  look  for  a  saving. 

He  had  a  good  word  to  say  for  the  work  of  the  various  rail- 
road clubs  whicb  hold  their  meetings  at  different  places  dur- 
ing the  year,  and  suggests  the  amalgamation  of  the  Master 
Mechanics'  and  Master  Car  Builders'  associations — a  proposi- 
tion which  comes  up  annually,  but  which  this  year  was  op- 
posed by  some  of  the  supply  dealers,  who  objected  to  lessen- 
ing tlie  period  of  time  during  which  they  can  exert  their  influ- 
ence on  the  members  of  the  two  associations. 

The  President  also  BUggi  sted  that  the  time  has  arrived  when 
t In-  associations  should  consider  tin-  question  of  making  ar- 
rangements witli  some  established  institutions  of  learning 
whereby  the  co-operation  of  its  professors  and  the  use  of  its 
scientific  apparatus  for  the  investigation  of  technical  subjects 


could  be  obtained.  The  Secretary  afterward  reported  the  re- 
sults of  his  efforts  to  raise  a  fund  of  £5,000  for  making  tests  of 
locomotives,  which  failed  owing  to  the  hard  times,  although  he 
seemed  to  entertain  the  hope  that  when  ' '  the  clouds  roll  by"  the 
scheme  might  succeed.  He  reported  that  most  of  the  railroad 
presidents  with  whom  he  had  interviews  advised  that  the  enter- 
prise be  abandoned  for  the  present.  Later  in  the  proceedings  a 
committee  was  appointed,  on  motion  of  Mr.  Lauder,  to  sug- 
gest what  action  should  be  taken  to  secure  the  co-operation 
and  aid  of  the  American  Railway  Association  in  getting  funds 
for  makiug  such  tests.  This  committee  afterward  made  a 
report,  and  recommended  that  another  committee  of  three  lie 
appointed  to  confer  with  the  American  Railway  Association 
with  reference  to  this  subject,  and  that  a  committee  of  five  be 
appointed  "  to  outline  work  and  to  conduct  and  supervise 
such  tests  as  may  be  decided  upon."  Such  committees  were 
appointed,  and  have  authority  to  take  action. 

There  was  also  a  very  elaborate  report  made  by  another 
committee, appointed  last  year,  on  Standard  Tests  of  Locomo- 
tives, and  which  occupies  25  pages  of  the  printed  proceed- 
ings. In  this  dissertation  the  committee  describe  very  elabo- 
rate methods  of  making  such  tests,  and  give  in  great  detail 
the  data  which  should  be  ascertained.  After  discussion  the 
report  was  adopted  as  one  of  the  standards  of  the  Association. 
It  is  not  quite  clear  what  the  significance  of  this  action  is. 
Does  it  mean  that,  if  any  one  undertakes  to  test  a  locomotive, 
they  are  recommended  to  do  it  in  the  manner  described  by  the 
committee  7  This  seems  to  be  very  much  as  though  an  asso- 
ciation of  doctors  should  get  together  and  adopt  a  standard 
method  of  diagnosing  disease.  Iu  making  experimental  in- 
vestigations we  generally  want  to  learn  the  cause  of  some 
phenomena  or  deficiency  which  we  don't  understand  and 
can't  explain,  or  learn  something  which  we  don't  know.  The 
success  of  an  experimenter  in  making  discoveries  depends  very 
often  on  his  ingenuity,  his  skill  or  the  Muteness  of  his  reason- 
ing powers  in  making  deductions  from  not  only  the  facts 
which  he  observes,  but  in  the  detection  of  facts  which  should 
be  observed.  The  experimental  investigations  which  give  the 
most  valuable  results  are  not  those  which  follow  beaten  paths, 
but  those  which  depart  from  them  and  adopt  new  and  origi- 
nal lines  of  research  and  new  expedients  for  increasing  knowl- 
edge.  Standardizing  methods  of  scientific  research  and  dis- 
covery seem  to  be  a  sort  of  Chinese  way  of  finding  out  things 
which  we  don't  know.  The  report  contains  many  very  excel- 
lent and  valuable  suggestions  with  reference  to  the  testing  of 
locomotives,  but  it  is  difficult  to  see  any  good  reason  for  mak- 
ing them  standard  methods. 

Mr.  Barnes  called  attention,  too,  to  the  fallacy  of  referring 
the  consumption  of  coal  to  the  dynamometer  H. P.,  which  is 
recommended  in  the  report  for  the  reason  that  the  work  done 
by  a  locomotive  is  not  only  that  required  to  pull  the  cars,  but 
it  must  also  pull  itself  and  its  tender.  The  amount  of  fuel 
consumed  in  doing  this  was  shewn  by  the  test  which  Mr.  Bu- 
chanan made  and  which  is  reported  on  another  page.  There 
is,  of  course,  a  rate  of  ascent  on  which  a  locomotive  could  only 
pull  itself.  In  such  a  case,  while  it  might  in  every  way  In- 
working  very  economically,  no  power  at  all  would  be  devel- 
oped on  the  dynamometer,  and  yet  by  the  action  of  the  Asso- 
ciation that  way  of  estimating  coal  consumption  is  now  the 
"  standard"  way. 

The  substance  of  the  report  of  the  Committee  on  Cracking 
of  Back  Tube  Sheets  is  summed  up  in  their  deductions  from 
the  replies  to  their  circular  of  inquiry,  in  which  it  is  said  : 
"  First,  that  radial  stayed  boilers  carrying  high  pressure  are 
more  subject  to  cracked  tube  sheets  than  other  types."  The 
cause  of  this  is  assigned  to  too  rigid  staying  of  the  crown 
sheet  next  U>  the  flue  sheet,  placing  flue  holes  too  close  to  the 
flanges  and  possibly  to  too  high  steam  pressure.  Tile  cure 
proposed  iu  the  report  and  in  the  subsequent  discussion  is  to 
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allow  more  flexibility  in  the  crown  sheet  directly  back  of  the 
tube  sheet  either  by  placing  the  stay  bolts  further  back  or 
putting  in  a  different  kind  of  stay  next  to  the  tube  sheet,  which 
will  allow  it  and  the  crown  sheet  to  expand  upward  without 
straining  the  stays.  There  was  nothing  very  new  evolved  by 
the  discussion,  but  it  confirmed  what  has  long  been  known, 
that  the  fire-box  is  the  most  troublesome  part  of  a  locomotive. 

The  report  of  the  Committee  on  Oiling  Devices  for  Long 
Runs  had  nothing  that  was  very  noteworthy.  It  describes 
with  considerable  detail  the  practice  on  a  number  of  English 
and  American  roads,  and  has  an  appendix  added  on  Oils  and  Oil 
Tests. 

The  report  on  Boiler  and  Fire  box  Steel  excited  much  inter- 
est, as  the  committee  proposed  standard  specifications  to  be 
adopted  by  the  Association.  The  main  question  at  issue 
seemed  to  be  the  ultimate  strength  which  fire-box  steel  should 
have.  Some  of  the  members  favored  a  soft  steel  with  an  ulti- 
mate strength  ranging  from  50,000  lbs.  to  58,000  lbs.,  while 
the  majority  preferred  a  harder  quality,  with  an  ultimate 
strength  of  55,000  lbs.  to  65,000  lbs.  In  their  efforts  to  get 
positive  information  concerning  the  performance  of  hard  and 
soft  fire-box  plates,  the  committee  had  tensile  tests  made  of 
specimens  of  steel  both  before  and  after  service.  This  strength 
varied  from  77,000  lbs.  down  to  a  little  over  50,000  lbs.,  and 
the  mileage  service  from  a  little  under  500,000  miles  to  a  little 
over  50,000  miles.  In  the  discussion  which  followed,  Mr. 
Gibbs,  of  the  Chicago,  Milwaukee  &  St.  Paul  Road,  said  that 
they  had  tabulated  the  results  of  the  service  of  about  250  fire- 
boxes on  his  road,  and  that  in  one  class  of  engines  the  highest 
mileage  of  any  fire-box,  which  was  a  little  less  than  500,000 
miles,  was  given  with  a  77,000  lbs.  steel.  In  another  case  he 
found  that  in  one  of  the  fire-boxes  which  gave  nearly  the  highest 
mileage  the  plates  had  phosphorus  as  high  as  .13,  whereas 
they  were  specifying  .035,  and  they  found  in  a  great  number 
of  the  old  fire-boxes  that  gave  splendid  service  "  chemistry 
that  seems  perfectly  wild."  The  committee  concluded,  how- 
ever, that  the  weight  of  evidence  was  in  favor  of  steel  of  60,000 
lbs.  tensile  strength  giving  the  best  results.  The  following 
are  the  standard  specifications  which  were' recommended  by 
the  majority  of  the  committee,  and  were  finally  adopted  ex- 
cepting as  indicated  in  the  foot  note,  and  are  probably  the 
specifications  to  which  manufacturers  will  be  obliged  to  con- 
form hereafter  : 

Metal  is  to  have  tensile  strength  of  55,000  lbs.  to  65,000  lbs., 
with  60,000  lbs.  desired,  and  28  per  cent,  elongation  preferred. 
,  The  chemistry  desired  is  : 

Carbon IS 

Phosphorus,  not  above 03 

Manganese  40 

Sulphur  "       "      03 

Silicon  "       " 02 

Plates  will  be  rejected  having  : 

1.  Tensile  strength  less  than  55,000  lbs. 

8.  Tensile  strength  over  65,000  lbs. 

3.  Elongation  less  than  22  per  cent,  in  8  in.,  and  in  ±-in. 
plates  not  less  than  20  per  cent,  in  8  in. 

4.  Failure  to  stand  bending  and  quenching  test  as  for  shell 
steel. 

5.  Any  seam  or  cavity  more  than  i  in.  long  in  any  of  the 
fractures  of  homogeneity  test. 

CHEMICAL. 

Carbon 25 

Carbon,  below ...   .   15 

Phosphorus,  over 045* 

Manganese  45 

Silicon  "     03 

Sulphur  •' 035 

*  This,  on  motion  of  Mr.  Mitchell,  was  changed  to  .035. 


Homogeneity  test  is  made  in  the  following  manner  : 
A  portion  of  the  broken  test  piece  is  nicked  with  a  chisel  on 
opposite  sides  alternately,  nicks  being  about  1  in.  apart.     Test 
piece  is  then  firmly  held  in  vise  and  broken  by  a  number  of 
light  blows,  bending  being  away  from  the  nicks. 
Laminations  more  than  ±  in.  long  to  condemn. 

During  the  discussion  some  curious  statements  were  made. 
Mr.  Vauclain.  for  example,  recommended  that  every  master 
mechanic  should  employ  a  chemist  and  start  a  laboratory,  and 
said  that  they  could  hire  a  chemist  for  a  great  deal  less  money 
than  they  can  hire  a  good  mechanic,  and  tUat  after  they  have 
had  him  a  short  time  and  have  found  out  the  value  of  such  a 
man  they  would  be  willing  to  pay  him  the  best  wages  paid 
about  the  establishment. 

Mr.  Dean  thought  that  the  elastic  limit  in  steel  should  not 
be  ignored,  to  which  Mr.  Gibbs,  chairman  of  the  committee, 
replied  that  the  reason  they  did  not  specify  anything  on  the 
subject  of  elastic  limit  was,  first,  that  they  did  not  know  any- 
thing about  it  ;  secondly,  the  strains  that  they  designed  for 
were  14,000  lbs.  per  square  inch,  and  that  is  so  far  below  the 
elastic  limit  for  any  steel  they  knew  of  that  they  did  not  think 
it  necessary  to  discuss  it.  This  "  reminds  us  of  a  little  story" 
current  in  the  daily  papers  recently  of  the  man  who  said  he 
had  just  met  a  great  physician.  His  friend  asked  how  he 
knew  he  was  a  distinguished  doctor.  "  Why."  he  said.  "  I 
asked  him  what  was  the  best  cure  for  consumption,  and  he 
said  he  didn't  know." 

Mr.  Gibbs  added  further  to  the  discussion  the  statement  that 
he  had  been  unable  to  find  any  difference  whatever  in  the  ser- 
vice of  steel  of  50,000  lbs.  and  60,000  lbs.  ultimate  strength  in 
regard  to  the  life  of  the  sheet.  Mr.  Forsyth,  of  the  Chicago, 
Burlington  &  Quincy  Railroad,  confirmed  this  by  the  state- 
ment that  he  thought  "  the  tendency  is  to  think  that  if  a  fire- 
box sheet  cracks  the  steel  is  of  high  strength  and  high  carbon  ; 
but  he  thought  the  results  of  a  great  many  tests  have  shown 
that  soft  steel— low- strength  steel— is  just  about  as  liable  to 
crack  as  high  steel." 

The  report  and  discussion  have  shown  that  the  members  of 
the  Master  Mechanics'  Association  do  not  know  all  that  it  is 
desirable  should  be  known  about  fire-box  steel,  and  that  the 
fire-boxes  are  still,  as  they  have  always  been,  the  most  costly 
parts  of  the  machine  to  construct  and  the  most  troublesome 
and  expensive  to  maintain.  To  be  rid  of  the  troublesome  steel 
plates,  which  behave  so  badly,  would  be  a  great  boon. 

It  was  intended,  when  this  review  of  the  proceedings  of  the 
Master  Mechanics'  Association  was  commenced,  to  complete 
it  in  one  article,  but  about  a  half  of  the  report  of  the  proceed- 
ings, including  the  interesting  discussion  on  compound  loco- 
motives, still  remains.  Our  review  must,  therefore,  be  divid- 
ed into  two  parts,  and  the  publication  of  the  conclusion  be 
postponed  to  our  October  number. 


NEW   PUBLICATIONS. 


The  Car  Interchange  Manual.     .1   '  ndium  of  I 

Information  far  Mat-  r  On-  Builders  and  Car  lnsjk  rtors.  In- 
cluding an  Abstract  of  the  Decisions  of  the  Arbitral*- 
mittee  of  the  Master  Car  Builders'  Association.     Compiled 
by  J   D.  McAlpine.     Published  by  the  Railroad  Car  Jour- 
Sew  York.     86  pp.,  3|  X  of  in. 
The  title  gives  a  very  good  description  of  the  general  char- 
acter of  this  book.     It'is  composed  chiefly  of  abstracts  of  de- 
cisions of  the  arbitration  committees  of  the  Master  Car  Build- 
ers' Association  subsequent  to  May.  1888,  of  disputes  arising 
under  the  rules  for  the  interchange  of  cars.     ^  hat  is  ol  equal 
value  to  these  decisions  is  an  excellent  index  to  them.      1  he- 
decisions  are  followed  by  a  table  of  words  often  misspelled  on 
defect  cards  of  car  reports  ;  a  table  of  synonyms  of  pal 
cars  known  by  different  names  ;  table  showing  the  depreciated 
value  of  $100  at  6  per  cent.  ;  settlement  prices  for  cars  de- 
stroyed •  various  tables  and  useful  data,  and  what  to  do  in 
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accidents  and  emergend  aether  it   is,  for  those  for 

whom  it  is  intended,  a  very  useful  little  book,  and  the  work 
of  compilation  has  been  well  done. 


UNIVERSAL  INDEX  TO  THE  WORLD'S  TECHNICAL  AND  SCIEN- 
TIFIC Literature.  Section  I.  Xos.  1,  2  and  3,  and  Sec- 
tion II.  Xos.  1,  3  and  3.  Leipzig  :  Heinrich  Wien,  Editor. 
Each  number  16  pp.  8|  X  12  in.~ 

A  few  extracts  from  the  announcement  of  this  publication 
will  give  an  idea  of  its  general  scope,  purpose  and  character. 
In  this  the  editor  say?  : 

"The  Universal  Index  to  the  World's  Techniea  6    entific 

Literature  will  make  it  its  aim  to  l>e  a  faithful  and  reliable 
*v  chronicle  of  the  entire  literature  of  ever}-  branch.  It 
will  be  provided  at  the  close  of  every  year  with  a  carefully 
prepared  index  of  authors  awl  gub/ects,  so  that  the  annual  vol- 
umes will,  in  course  of  time,  form  an  indispensable  work  of 
reference  for  every  library. 

"  The  Universal  Index  deals  at  the  outset  with  the  following 
departments  : 

"Section  I.— 1.  Architecture,  Building  Trade  and  Building 
Industry.  2.  Engineering.  3.  Technics,  Machines  and  Ap- 
pliances and  Engineering  Industry.  4.  Electro-technical  Sci- 
ence and  Industry. 

"  Section  II  — i.  Mining  and  Metallurgy.  2.  Railways.  3. 
Chemistry  and  Physics.  "4.  Chemical  Industries.  5.  Brew- 
ing and  Distilling  Industries. 

"  Section  III. — 1.  Iron,  Steel  and  Hardware  Industries.  2. 
Miller's  Industry.  3.  Paper  Industry.  4  Photography.  .">. 
Textile  Industry.     6.  Sugar  Industry". 

A-  a  rule,  we  propose,  in  the  first  place,  to  take  note  of 
the  original  articles  published  in  the  journals,  but  we  shall 
also  register  the  smallest  communication,  if  only  it  appears  to 
us  to  possess  any  special  professional  interest. 

"  The  '  Xew  Books  *  noticed  in  the  Universal  Index  will  be 
found  united  in  one  group  for  all  the  divisions  of  a  section. 
This  will  cause  no  difficulty  or  inconvenience  to  the  profes- 
sional man.  Our  attention  will  be  directed  not  only  to  the  new 
books  published  from  week  to  week,  but  above  all  to  icorks 
still  in  the  press,  so  that  a  reader  of  the  Index  will 

always  be  able  to  order  any  interesting  work  without  delay." 

The  editor  adds  still  further  that.  "  in  course  of  time  the 
real  Index  will  deal  successively  with  every  existing  de- 
partment in  the  same  manner.  ' 

This  seems  a  little  like  the  scheme  of  one  of  Bulwer's  char- 
acters, who  was  engaged  in  writing  "  a  history  of  human 
error." 

As  far  as  the  work  before  us  has  gone,  it  can,  however,  be 
very  highly  commended.  The  title  of  the  publication  and  of 
each  article  indexed  are  given  in  the  language  in  which  they 
were  originally  written,  and  the  columns  thus  have  a  sort  of 
polyglot  character.  As  an  example  of  the  way  the  work  is 
done,  we  may  select  from  the  matter  given  in  Section  I  Part 
1,  under  the  head  "Engineering,"  where  substantially  the 
index  which  was  published  on  the  front  page  of  the  cover  of 
the  American  Engineer  .vnd  Railroad  Journal  for  June, 
of  this  year,  is  reprinted  under  that  title  as  a  sub-heading. 
■Inst  preceding  this  are  similar  titles  taken  from  the  HetisUi 
itinera  M  y'dt   Ingeneria,  of  Madrid,  all  printed  in 

Spanish. 

1  (wing  to  the  enormous  growth  of  technical  literature,  some 
matie  method  of  indexing  it  is  Incoming  daily  more  essen- 
tial, aud  probably  one  of  the  greatest  assistants  in  acquiring 
knowledge  in  the  future  will  be  good  indtxes. 

The  editor  says  that  in  order  to  bring  the  Universal  Index 
within  the  reach  of  all,  the  price  of  the  section  (II 1  now  ready 
has  been  fixed  at  3  marks  per  quarter.  It  should  be  added 
that  it  is  intended  to  publish  it  weekly,  and  that  the  editor, 
whose  address  is  L'iveu  above,  appears  also  to  be  the  publisher. 


Aerial  Navigation.  By  J  (i.  W.  Fijnje  Van  Salverda,  late- 
Administrator  of  Public  Works  of  the  Netherlands.  Trans- 
lated from  the  Dutch  by  George  E.  Waring,  Jr.  With 
notes  concerning  some  recent  development  in  the  art. 
Illustrated.     12mo,  cloth.  $1.25.     I).  Appleton  A  Co. 

It  is  interesting  to  note  that  a  number  of  well-known  en- 
gineers, whose  past  career  has  given  evidence  of  soberness  and 
Iness  in  judgment,  arc  now  turning  their  attention  to  the 
problem  of  aerial  navigation. 

We  have  lately  published  a  book  upon      Progress  in  Flying 

Machines,"  by  Mr.  O.  Chanote,  past  President  of  the  Ameri- 

ty  of  Civil  Engineers,  and  now  we  have  for  review  a 

book  upon  "  Aerial  Navigation,"  by  Mr.  Fijnje  Van  Salverda, 

which  has  been  translated  from  the  Dutch  by  that  well-known 


and  distinguished  American  sanitary  engineer,  Mr.  George  £. 
Waring,  Jr..  who  says  of  his  author  that  he  is  "  a  most  dis- 
tinguished Dutch  engineer,  of  advanced  age,  and  now  retired 
from  the  public  service,  in  which  he  held  the  highest  posi- 
tion.'' 

The  book  comprises  some  200  pages  and  an  index,  and  con- 
sists chiefly  of  an  investigation  of  the  probable  success  in  the 
free  navigation  of  the  air.  It  is  necessarily  somewhat  indefi- 
nite as  treating  of  an  achievement  which  is  merely  in  passe, 
but  it  is  well  worth  reading  by  engineers. 

The  author  begins  by  giving  an  account  of  what  has  been 
accomplished  with  balloons.  He  devotes  his  first  chapter  to  a 
consideration  of  The  Military  Importance  of  Aerial  Naviga- 
tion, and  treats  of  both  captive  globular  balloons  for  observa- 
tion and  of  elongated  free  balloons  for  reconnoissance  over  the 
enemy's  lines.  He  shows  that  with  the  latter  a  speed  of  some 
14  miles  per  hour  has  been  obtained  by  the  French,  and  that, 
with  certain  improvements,  a  velocity  of  38  miles  an  hour  is 
not  improbable.  This,  of  course,  is  in  still  air  ;  but  a  table  of 
wind  velocities  is  given  as  observed  at  Chalon  by  means  of 
a  self -registering  anemometer  placed  at  the  top  of  a  mast  90 
ft.  high,  from  which  it  appears  that  with  the  above  speed  the 
free  navigation  of  the  air  will  be  practicable  for  50  to  70  per 
cent,  of  the  days  in  the  year.  He  does  not,  however,  indicate 
the  formula?  by  which  the  speeds  may  be  calculated  for  vari- 
ous shapes  of  balloons  or  for  various  horsepowers,  nor  the 
probable  commercial  uses  of  navigable  balloons,  but  he  reaches 
the  conclusion  that  "  the  magnificent  aim  of  navigating  the  air 
with  balloons  may  not  yet  be  reached,  because  they  cannot  be 
propelled  with  sufficient  velocity  to  meet  all  conditions  of 
wind.'' 

Mr.  Fijnje,  therefore,  next  turns  his  attention  to  dynamic 
flying  machines  heavier  than  the  air  which  they  displace,  and 
devotes  several  chapters  to  the  flight  of  birds  and  its  various 
phases— rowing,  gliding*  and  sailing.  These  are  discussed, 
as  well  as  the  changes  which  occur  in  the  position  of  the  cen- 
ter of  pressure  under  the  wings  of  birds  (law  of  Avanzinii, 
and  after  two  brief  chapters  upon  The  Exertion  of  Force  by 
Birds,  and  Atmospheric  Currents,  a  discussion  is  entered  upon 
of  the  various  appliances — the  screw,  the  beating  wing  and 
the  aeroplane — with  which  man  has  endeavored  to  imitate  the 
birds.  From  this  discussion  the  inference  is  drawn  that  the 
aeroplane  offers  the  best  chance  of  success,  and  the  author  ob- 
serves, "  that  rapid  travel  in  the  free  air  need  encounter  no 
serious  difficulty  I" 

The  remainder  of  the  book  consists  in  extracts  from  a  later 
pamphlet  by  Mr.  Fijnje,  reviewing  the  experiments  in  aero- 
dynamics of  Professor  S.  P.  Langley,  which  are  held  to  be  in 
remarkable  agreement  with  the  former  conclusions  of  the  au- 
thor ;  in  an  account  of  the  article  of  Mr.  Maxim  in  the  Cos- 
mopoliiai,  Magazine,  and  full  extracts  from  the  article  of  Mr. 
Hallam  in  the  same  magazine,  as  well  as  of  a  subsequent  arti- 
cle by  the  same  writer  in  Cassia' -  M  \gm 

The  concluding  chapter  is  upon  The  Soaring  of  Birds  and 
of  Men,  as  suggested  by  the  paper  of  Professor  Langley  on 
The  Internal  Work  of  the  Wind,  read  at  the  Conference  on 
Aerial  Navigation  at  Chicago,  in  August,  1893,  which  has 
been  published  and  discussed  in  Aeronautics. 

The  book  is  written  throughout  in  popular  style,  with  few 
or  no  formula-  and  calculations,  and  is  chiefly  valuable  as  in- 
dicating the  probability  of  success  from  the  standpoint  of  an 
experienced  engineer.  There  is  no  reference  to  the  experi- 
ments of  Lilienthal,  or  to  those  of  his  predecessors  in  soaring 
flight,  and  it  is  to  be  hoped  that  with  the  new  material  ac- 
cumulated within  the  past  year  we  shall  be  favored  with  an- 
other book  by  the  author. 


Pocket    Primer    of  Air  Brake  Instruction.     By   W.   S. 
rs,  M.E.,  Air  Brake  Instructor  Delaware  A  Hudson 
Company.     90  pp.,  4f  X  6  in. 

Diseases  of  the  An;  Brake  System,  their  Causes,  Symptoms 
ami  Cure.     By  Paul  Synnestvedt.     114  pp.,  5±  x  7|  in. 

That  the  construction  and  operation  of  the  air  brake  is  not 
to  understand  is  indicated  by  the  number  and  character 
of  the  attempts  to  explain  it.  The  first  of  tin  books  men- 
tioned above  belongs  to  the  so-called  class  of  '.'  practical"  teeh- 
nical  literature,  one  of  the  characteristics  of  which  generally 
is  more  or  less  shaky  English  and  incomprehensible  explana- 
tion. A-  examples  we  may  quote  from  page  7.  The  first 
opens  with  this  statement  :  "  The  foundation  principle 


•  This  chapt.r  is  entitled  -Hovering  Flight  ;*'  but  this  is  a  misnomer  as 
hovering  implies  hanging  over. 
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of  the  Westinghouse  automatic  air  brake  is  compressed  air 
equalized,  reduced  or  increased  on  opposite  sides  of  pis- 
tons. ...  A  homely  definition  of  compressed  air  is,  free  air 
hiiiiiini  red  into  hard  but  elastic  shape."  On  the  second  page  of 
the  first  lesson,  in  explanation  of  the  storage  of  compressed 
air,  it  is  said  :  "It  is  necessary  that  we  do  not  confound 
'  capacity  '  with  '  cubical  contents. '  A  freight  car  might  have 
a  capacity  for  4,000  cub.  ft.  of  hay.  but  if  it  were  only  half 
filled  the  cubical  contents  would  only  be  2,000,  while  the  capac- 
ity would  still  remain."  If  the  writer  had  looked  in  a  dic- 
tionary he  would  have  found  that  the  geometrical  meaning  of 
"content"  is  "  area,  or  quantity  of  space  contained  within 
certain  limits,"  and  in  that  sense  has  the  same  meaning  as 
"  capacity."  We  can  say  with  equal  propriety  that  the  capac- 
ity of  tank,  or  that  its  content,  is  so  many  cubic  feet. 

A  number  of  what  are  called  "  key  charts"  are  given  in  the 
book  to  explain  the  principles  of  the  brake.  These  illustrate 
what  a  hold  the  symbolical  or  emblematical  method  of  exposi- 
tion has  on  minds  unaccustomed  to  habits  of  sustained  thought. 
To  such  people  an  emblem  seems  to  act  like  a  mental  balanc- 
ing pole  to  an  unskillful  acrobat  on  a  tight  rope.  If  you 
speak  of  eternity  to  such  people  it  does  not  seem  to  convey 
any  very  definite  impression,  but  if  you  symbolize  it  with  a 
circle,  and  represent  hope  by  an  anchor  and  meekness  by 
a  lamb,  they  will  construct  a  whole  system  of  theology  on 
those  symbols  for  a  creed,  and  it  may  be  that  to  some  extent 
their  lives  and  conduct  will  be  influenced  thereby.  Following 
this  symbolical  method,  our  author  has  devised  these  charts, 
in  which  he  has  used  words  as  symbols  with  apparently  a  sort 
of  cabalistic  meaning  which  a  person  who  understands  what 
he  is  trying  to  explain  can  vaguely  comprehend  ;  but  it  is 
difficult  to  see  how  the  charts  can  explain  the  construction  or 
operation  of  the  brake  to  a  person  entirely  ignorant  of  it. 

The  explanations  of  the  construction  of  the  brake  are  very 
inadequate  for  the  purpose,  and  the  engravings  are  generally 
"  process"  work  of  a  poor  quality,  often  without  letters  of 
reference  on  them  or  other  means  of  identifying  the  parts  re- 
ferred to  in  the  text.  We  are  never  tired  of  quoting  Huxley's 
observation  that  "  a  prerequisite  in  good  exposition  is  the  im- 
agining of  methods  by  which,  beginning  with  conceptions  they 
possess,  there  may  be  built  up  in  their  minds  the  conceptions 
they  do  not  possess."  The  book  under  review  is  an  illustra- 
tion of  his  further  remark  that  "  of  constructive  imagiuation 
as- displayed  in  this  sphere,  men  at  large  appear  to  be  almost 
devoid." 

The  best  chapters  in  the  book  are  those  which  describe  the 
practical  duties  of  "  train  preparation,"  and  "  instructions  to 
engineers,  trainmen  and  inspectors,"  and  the  "  rules  for  test- 
ing brakes." 

"Diseases  of  the  Air- Brake  System"  might  very  appropri- 
ately be  called  the  diagnosis  of  air  brakes.  The  sub- title  de- 
scribes accurately  the  character  of  the  book,  which  points  out 
the  causes  of  defects,  their  symptoms  and  cure.  It  describes 
in  very  clear  language  and  in  a  direct  way  the  parts  liable  to 
get  out  of  order,  what  happens  to  them,  and  what  should  In- 
done  when  this  happening  takes  place.  As  an  example,  the 
opening  of  the  book  may  be  quoted,  which  is  on  pumps,  and 
in  which  it  is  said  : 

"  The  disorders  that  arise  in  this  pump  (Westinghouse  8  in.) 
may  be  classed  under  two  general  heads  : 

"  1.  Trouble  in  the  upper  or  steam  cylinder. 

"  2.  Trouble  in  the  lower  or  air  cylinder. 

"  The  parts  in  the  upper  cylinder  most  liable  to  derange- 
ment are.  the  main  valve  (7),  reversing  piston  (23),  reversing 
valve  1  Hi),  reversing  valve  stem  (17)  and  the  reversing  valve 
plate  18." 

The  numbers  refer  to  corresponding  numbers  in  an  engrav- 
ing, which  is  a  reproduction  from  the  Westinghouse  catalogue, 
and  designate  the  parts  referred  to  in  the  text.  The  book  all 
through  is  a  model  of  clearness  and  conciseness.  All  the  de- 
scriptions are  direct  and  easily  understood.  There  is  no  at- 
tempt made  to  describe  the  principles,  construction  or  opera- 
tion of  the  brake  excepting  so  far  as  these  are  involved  in  the 
defects  described.  The  engravings,  with  a  very  few  excep- 
tions, are  excellent.  Especial  interest  attaches  to  those  in  the 
appendix,  which  represent  various  diseased  organs  of  the 
brake  and  abnormal  deposits  which  have  been  found  in  the 
various  intricate  parts  of  the  apparatus.  The  book  can  be 
highly  commended,  and  should  be  in  the  hands  of  every  per- 
son who  operates  or  has  the  care  of  air  brakes.  A  slight  de- 
fect which  may  be  noted  is  the  absence  of  titles  to  some  of  the 
engravings,  which  would  have  made  their  significance  plainer. 

The  author  calls  attention  to  the  fact  that  the  book  contains 
illustrations  of  practically  all  the  devices  in  common  use,  and 
of  several  different  makes,  old  as  well  as  new.  The  W.  F. 
Hall  Printing  Company,  of  Chicago,  are  the  publishers. 


TRADE    CATALOGUES. 


Ludlow  Coupler  Company,  Springfield,  <>.,  Manufacturers 
of  the  Ludlow  Freight  and  Passenger  Central  Draft  Automatic 
Couplers.     16  pp.,  3Xo  in. 

The  purpose  of  this  is  apparently  to  illustrate  and  describe 
the  Ludlow  coupler,  which  is  shown  by  various  engravings  ; 
but  the  publishers  have  not  been  very  successful  in  explaining 
its  construction  so  that  a  person  without  any  knowledge  of  it 
can  understand  its  peculiarities  ;  but  perhaps  that  was  not  the 
purpose  in  having  it  printed.  It  is  well  printed  and  the  en- 
gravings are  good. 

Catalogue  and  Price  List  of  Surveying  Instruments 
and  Drawing  Materials,  Architects'  and  Civil  Engi- 
neers' Supplies.  A.  S.  Aloe  Company,  St.  Louis.  212  pp., 
10  X  61  in. 

Twenty-one  pages  of  this  publication  are  devoted  to  drawing 
materials,  32  to  engraving  and  surveying  instruments,  and 
123  to  drawing  instruments  and  materials.  The  volume  is 
copiously  illustrated  with  engravings  of  varying  degrees  of 
goodness  and  badness,  but  generally  they  are  very  good.  A 
draftsman  who  cannot  find  materials  or  instruments  to  suit 
him  in  the  large  assortment  so  invitingly  described  in  this 
catalogue  must  be  hard  to  please.  A  good  index  adds  much 
to  the  value  of  this  catalogue. 


BEMENT&  Co.,  Manufacturers  of  Feed-Pump  Governors  and 
Automatic  Feed -Water  Regulators,  Chicago.  10  pp.,  3J  X 
6  in. 

This  very  small  publication  is  devoted  to  a  description  of  the 
Campbell  feed-pump  governor,  which,  it  is  said,  is  not  de- 
signed "  to  maintain  automatically  a  uniform  water  level  in 
the  boiler, "  but  "is  an  automatic  throttle  valve  for  boiler 
feed-pumps,  and  will  cause  the  pump  to  run  at  a  speed  which 
will  at  all  times  supply  the  exact  quantity  of  water  required." 
A  perspective  view  of  the  device,  report  of  tests  and  directions 
for  applying  it  are  given.    

Catalogue  of  1894.  The  Tainter  Company,  Stroudsburg, 
Pa.     47  pp.,  3±  X  5i  in. 

The  opening  page  of  the  Tainter  Company's  pamphlet  is  a 
"  plea  for  a  better  appreciation  of  the  grinding  industry." 
This  is  succeeded  by  remarks  about  prices,  values  of  machines, 
etc.,  then  practical  hints  about  emery  wheels,  the  uses  for 
which  they  are  adapted,  and  a  classification  of  them  into  coarse- 
hard,  medium-haid,  medium-soft,  etc.  Twenty  different  kinds 
of  machines  are  then  illustrated.  These  are  followed  by  re- 
marks about  emery,  emery  oil  stone,  emery  knife  sharpeners, 
polishing  paste,  liquid  polish,  knife  powders,  aluminous  paint, 
etc.  The  last  page  contains  what  we  do  not  remember  ever 
seeing  in  any  other  similar  publication — that  is,  a  bibliography 
of  the  publications  of  this  company,  which  in<  ludes  six  differ- 
ent treatises,  papers,  and  brochures  of  interest  to  persons  who 
use  emery  grinding  machinery,  and  to  that  still  larger  class 
who  ought  to  use  it. 

New  Pamphlet  of  High-Ghade  Horizontal  and  Verti- 
cal Steam  Engines  and  Steel  Boilers,  Manufactured  by 
James  Leffel  &  Co.,  Springfield,  O.     32  pp.,  .">  x  7|  in. 

The  frontispiece  of  this  pamphlet  is  a  good  wood  engraving 
showing  the  works  of  this  company.  Perspective  views  of 
two  stationary  engines  are  then  shown— one  with  a  bed  plate 
and  the  other  without.  These  engines  have  the  usual  form  of 
frame  now  generally  used,  but  center  cranks — that  is,  they 
have  crank-shafts  which  extend  both  ways  from  the  crank, 
with  a  pulley  on  one  end  and  a  fly-wheel,  which  is  also  a  pul- 
ley, on  the  other  end.  The  frame  has  two  pedestals  on  each 
side  of  the  crank,  so  that  the  engine  is  self-contained  and  is 
balanced,  although  the  method  of  balancing  is  not  shown  in 
the  engravings. 

The  arrangement  of  steam  chest  and  valve  gear  is  a  little 
peculiar.  It  should  be  said  that  the  engines  which  are  repre- 
sented all  have  ordinary  slide  valves.  The  steam-chests,  in- 
stead of  being  on  top  or  on  the  side  of  the  cylinders,  are  placed 
diagonally  between  those  two  positions  with  the  valve  face 
inclined.  The  valve  stem  is  then  connected  with  the  eccentric 
direct  by  a  rod  which  is  inclined,  the  stem  being  horizontal. 
This  will  probably  strike  some  designers  as  a  kind  of  mechani- 
cal discord,  although,  as  the  valve  stem  is  provided  with  a 
strong  guide,  it  is  hard  to  see  why  an  eccentric-rod  will  not 
work  as  well  in  such  a  position  as  a  connecting-rod  does. 

Seveial  perspective  views  are  also  given  of  what  the  manu- 
facturers call  their  "self-contained,  return  tubular  boiler." 
which  they  also  say  is  known  as  the  Cornish  return  tubular 
boilers,  and  are  similar  to  those  now  generally  used  on  ocean 
steamers.     The  outside  shell  of  these  is  a  plain  cylinder  with 
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;i  cylindrical  tire-box  inside  and  a  smoke-box  at  one  end,  and 
an  uptake  at  the  other.  The  products  of  combustion  pass 
from  the  Are-box  to  the  smoke-box.  and  then  through  small 
flues  above  the  tire-box  to  the  uptake  and  up  the  chimney. 
The  smoke- box  door  -and  what  a  locomotive  engineer  would 
call  its  front,  but  which  a  stationary  man  would  call  the  back 
— is  lined  with  lire  biick,  so  as  to  prevent  the  radiation  of  heat 
from  the  products  of  combustion  while  they  are  passing  from 
the  fire-box  to  the  tubes. 

There  are  also  illustrations  of  a  horizontal  engine  and  boilers 
combined  and  detached,  a  portable  engine,  and  of  upright  en- 
gines and  boilers  which  this  company  manufactures. 

The  engravings  are  good,  but  have  hardly  had  justice  done 
them  in  printing. 


BOOKS   RECEIVED. 


Santo  Domingo.  Bulletin  No.  52  ot  the  Bureau  of  the 
American  Republics.     202  pp.,  6  X  8i  in.,  with  map. 

White's  Reference  Book  op  Railroad  Securities.  Com- 
piled from  Official  Sources.  New  York  :  White  &  Kemble,  62 
\\  illiam  Street  ;  London,  E.  C.  :  Frederick  C.  Mathieson  & 
Sous.     496  pp.,  ■)!  X  <'>i  in. 

Water  ok  Hydraulic  Motors.  By  Philip  R.  Bjarling, 
Author  of  "  Practical  Iland-Book  ot  Pump  Construction." 
London  E.  C.  :  E.  &  P.  N.  Spon  ;  New  York:  Spon  & 
Chamberlain.     2S?  pp..  4}  x  7  in. 

Report  op  the  Proceedings  op  the  Twenty-Seventh 
Ann!  ix  Convention  ok  the  Americas  Railway  Master 
Mechanics'  Association.  Held  at  Saratoga  Springs,  N.  Y., 
July  I*.  19  and  20,  1894.     310  pp.,  6  X  it  in. 

Text-Book  on  Roads  and  Pavements.  By  Fred.  P.  Spal- 
ding, Assistant  Professor  of  Civil  Engineering  in  Cornell  Uni- 
versity ;  Member  Ameiic-in  Society  of  Civil  Engineers.  New 
York  :  John  Wiley  &  Sons.     213  pp.,  5  X  7^  in. 

New  Roads  and  Road  Laws  in  the  United  States.  By 
General  Roy  Stone,  Vice-President  National  League  for  Good 
Roads,  and  U.  S.  Special  Agent  and  Engineer  for  Road  En- 
gineering, Department  ot  Agriculture.  New  York  :  D.  Van 
Nostrand  Company.     166  pp.,  7£  x  5  in. 

Transactions  of  the  American  Institute  op  Mining 
Engineers.  Vol.  XXII,  795  pp.,  and  Vol.  XXIII,  685  pp., 
being  Parts  I  and  II  of  the  Proceedings,  Papers  and  Discus- 
sions of  the  Chicago  Meeting  of  1893,  Constituting  Divisions  C 
and  I)  of  the  International  Engineering  Congress. 

Manual  of  the  Railroads  ok  the  United  States  for 
1894.  Showing  their  route  and  mileage  ;  stocks,  bonds,  debt, 
cost,  tiatfic,  earnings,  expenses  and  dividends  ;  their  organiza- 
tions, directors,  officers,  etc.  ;  with  an  appendix  containing  a 
full  analysis  of  the  debts  of  the  United  States,  the  several 
Slates  and  the  chief  counties,  municipalities,  etc.,  of  the  coun- 
t  ry.  Also  statements  of  street  railway  and  traction  companies, 
miscellaneous  corporations,  etc.  New  York  :  II.  V.  &  II.  W. 
Poor,  44  Broad  Street.     1630  pp.,  8i  X  Hi  in. 


LOCOMOTIVE   HISTORY. 


TESTING  GRAPHITE. 


T<>  the  Editor  of  The  American  Engineer  and  Railroad 
Journal : 

Jour  note  to  our  letter  published  in  The  American  En- 
gineer for  June  is  appreciated,  and  in  order  to  supply  the 
missing  link  we  will  simply  say  that  the  easiest  way  to  deter- 
mine the  purity  of  plumbago  is  to  blast  it  by  means  of  a  blow- 
pipe, or  to  bum  out  the  impurities  by  means  of  nitric  or  sul- 
phuric acids. 

Graphite,  as  you  know,  is  one  of  the  forms  of  carbon,  of 
which  1  he  diamond  is  its  twin  brother.  When  you  burn  the 
diamond  it  all  passes  off  in  carbonic  acid  gas  and  nothing  re- 
mains.  In  burning  graphite,  if  the  graphite  is  quite  pure— say 
'.10  per  cent,  pure— then  there  will  only  remain  10  per  cent,  im- 
purity, and  it  usually  matters  little  what  that  impurity  is  ;  it 
is  sufficient  to  know  that  you  had  90  per  cent,  of  carbon  or 
graphite. 

We  omitted  this  in  our  previous  letter  for  the  reason  that  we 
supposed  that  such  of  your  readers  who  had  more  or  less  knowl- 
edge of  chemistry  would  readily  know  how  to  determine  the 
purity  of  graphite  by  laboratory  tests,  and  we  have  no  doubt 
that  many  of  your  readers  do  know  epiite  as  well  as  we  our- 
selves, fours  respectfully, 

Joseph  Dixon  Ciiitible  Company. 


We  are  indebted  to  the  indefatigable  investigator  into  the 
history  of  locomotives,  Mr.  Clement  E.  Stretton,  of  Leicester, 
England,  for  the  following  contributions  of  interesting  data 
relating  to  the  early  history  of  locomotives  in  this  country. 
As  we  have  taken  occasion  to  remark  before,  few  people  at 
present  are  aware  how  large  the  number  of  locomotives  was 
that  were  imported  into  this  country  from  England  in  the 
early  days  of  our  railroads. 

Editor  American  Engineer  and  Railroad  Journal  : 

I  have  read  with  great  interest  the  list  of  locomotives  given 
in  your  issue  for  March,  p.  133,  and  have  also  compared  the 
same  with  lists,  details  and  drawings  in  my  possession.  How- 
ever, I  find  the  names  of  several  engines  which  were  sent  from 
England  to  America  are  not  mentioned  in  the  list,  p.  133  ; 
for  instance,  R.  Stephenson  &  Co.,  in  1832,  sent  an  engine 
named  Maryland  to  the  Newcastle  &  Frenchtown  Railroad. 
In  1831  that  firm  sent  an  engine,  John  Ball,  to  the  Hudson  & 
Mohawk  Road.  In  1831  Stephenson  «fc  Co.  sent  the  Stevens  to 
New  York.  Another  R.  Stephenson  engine  was  named 
Whistler.  It  appears  to  have  been  constructed  to  the  order 
of  Captain  Whistler. 

In  1833  R.  Stephenson  &  Co.  built  the  well-known  engine 
Edgefield  for  the  South  Carolina  Railroad  Company.  Another 
engine  built  by  R.  Stephenson  &  Co.  seems  to  have  been 
named  the  Boston,  and  to  have  been  built  to  the  order  of  Mr. 
Jackson.  Altogether  I  have  before  me  the  proof  that  the  linn 
of  R.  Stephenson  &  Co.  sent  no  less  than  31  locomotive  en- 
gines to  the  United  States  between  the  years  1828  and  1837. 

In  the  list  on  p.  133  I  observe  that  in  some  cases  R.  Stephen- 
son &  Co.  are  put  down  as  Manchester,  and  in  others  Liver- 
pool. Both  are  wrong,  as  the  works  have  always  been  at 
Newcastle-on-Tyne. 

The  works  of  Tayleur  &  Co.  were  near  Warrington,  not 
Liverpool,  as  given  in  one  case.  I  am  at  a  loss  to  understand 
the  word  "  Swartwout"  as  intended  for  an  English  firm.  The 
Camden  &  Amboy  No.  1  was,  of  course,  the  Jo/in  Ball  shown 
at  the  Chicago  Exhibition,  and  built  by  Stephenson  in  1831. 

D.  &  I.  Burr  «fc  Co.,  given  in  the  list,  is  evidently  a  mis- 
take. My  information  leads  me  to  believe  that  this  was  only 
a  firm  of  agents  who  acted  for  the  locomotive  builders,  Messrs. 
Mather,  Dixon  ifc  Co.,  of  England. 

The  makers  of  the  two  last  engines  on  the  list  are  given  as 
John  Bull  ;  they  are,  however,  two  engines  built  by  Stephen- 
son. The  Petersburgh  Railroad  had  three  engines  from 
Mather,  Dixon  &  Co.,  one  the  New  York,  another  Philadel- 
phia, the  third  Petersburgh.  That  line  also  had  several  en- 
gines from  Braithwaite  &  Co.  I  trust  these  few  details  may 
assist  those  of  your  readers  who  may  wish  to  further  investi- 
gate the  subject. 

Clement  E.  Stretton,  C.E. 

Sa\e  Coburg  House,  Leicester,  England. 

( )n  p.  132  of  The  American  Engineer  reference  is  made 
to  the  list  given  in  Wood's  book  of  1838.  If  you  refer  to  that 
list  you  will  find  some  blanks  which  I  now  till  up  for  your 
information. 

Private  makers'  numbers,  see  Wood,  1838. 

1828 America 12 Delaware  &  Hudson  Canal. 

isss  Whistler 17 "        "      "         " 

1828 Delaware 28 Newcastle  &  Frenchtown. 

1828 Boston 27 

1828 Maryland 28 "  "  " 

1828 Pennsylvania (?) -..        "  "  " 

1883  "  -*2 For  Saratoga- Bopie  Engine. 

is:','! (?)  52 Not.  known. 

1833 Edgefield 54 South  Carolina  R.R. 

1838 "         60  Mohawk  A  Hudson. 

1883  ...  "         SI   

1K33 "         75 "       '•         "      Bogie. 

1831 W.  Aiken S7 Columbia  R.R. 

1834  ...        Howe  103 South  Carolina. 

1831 "    104 Pennsylvania  R.K. 

1834 "     105 

1834 "     106 Columbia  R.R. 

1835 Kentucky  110 / 

1835 John  Bull  .  112 -Not  certain  for  which  road. 

1838 Atlantic 113 \ 

1885        . . .  .Sumter 114 South  Carolina— Bogie  Engine. 

1835 Marion 115 " 

1836 Ohio 116 " 

1836  "     117 Not  known  which  road. 

1836 "     120 

1836  ...     .   Wavne 125 "        "  " 

is.!''.  Nash 126 "       " 

is.% "     129 Lexington. 

is.% "     13!) 

1K37  "  .         .  .151 Baltimore  A  Susquehanna. 

1887.'.......     "     152 
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!?  [September,  i8g.|. 


Total.  :!1  engines  sent  to  America  by  R.  Stephenson  &  Co. 
between  1828  and  is:::. 

Willi  reference  to  my  letter  of  the  13th,  I  was  in  Liverpool 
yesterday  and  saw  a  member  of  the  Forester  family,  and  ob- 
tained from  him  a  blue  print  ot  X,  ic  York  sent  to  your  coun- 
try in  1834.  I  also  send  print  of  Liverpool  sent  to  Petersburg!) 
Road  in  1881. 

Yours  faithfully, 

Clement  E.  Stretton. 

DESCRIPTION  OP  LOCOMOTIVE  ENGINE  "LIVERPOOL,"  BUILT 
BY  EDWARD  BUR?  >V  CO.,  CLARENCE  FOUNDRY,  ENGLAND, 
AND  SEN!  TO  THE  PETERSBUROH  RAILROAD  COMPANY  IN 
1831. 

Cylinders  placed  inside  under  the  smoke-box,  the  piston- 
rods  passing  under  the  leading  axle. 

Diameter  of  cylinders 9 

Stroki     v  6" 

Diameter  of  leading-wheels  i  8 

■*  driving-wheels 4'  6' 

Wheels  coupled  by  rods ..  ,  i 

Wheel-base 5' 

Front  of  buffer-beam  to  smoke-box  . .    1'  7- 

"  "  back  of  smoke  box 8'  5' 

"  leading-wheel  center 1  r 

"  driving-wheel  center    . 11  fi 

11  front  of  firebox  casing. ..         ...lO*  - 

"      "  '•  "  back 14'  2 

"     "  frame 15  5 

Boiler  barrel,  diameter :}' 

length 6'  9" 

Length  of  dome  casing  4' 

"  fire-box  casing :y  g- 

Height  of  frame  from  rails 3' 

BaUB  to  center  line  of  boiler 4'  8' 

The  Liverpool,  when  working  on  the  Petersburgh  Railroad, 
wcigLual  11,200  lbs.,  and  had  a  boiler  pressure  of  50  lbs.  of 
steam. 

In  November,  1S:J3.  this  engine  drew  15  wagons  and  one 
passenger  car  at  15  miles  an  hour  on  a  level,  and  went  up  a 
grade  ol  :;n  ft.  to  the  mile  at  from  8  to  10  miles  an  hour,  stop- 
ping  and  starting  on  the  grade. 

■  The  weight  of  freight  and  passengers  carried  was  83,620 
lbs.;  of  the  wagons  and  car  and  engine,  67,500  lbs.;  total, 
151.12U  lbs.,  or  nearly  G2i  tons  of  2,240  lbs.,  or  75i  tons  of 
2.0IK)  lbs. 

The  above  is  an  exact  copy  of  the  dimensions  found  in  pos- 
session of  the  Bur}-  family. 


WATER-TUBE    BOILERS 


Editor  American  Engineer  and  Railroad  Journal 

Despite  the  antagonistic  feelings  that  at  piesent  prevail 
against  boilers  of  this  type,  they  tire  becoming  more  popular 
every  day  ;  the  chief  causes  of  their  disapproval  have  so  far 
been  owing  to  their  improper  construction  and  management, 
but  these  features  are  being  steadily  overcome,  and  what 
proves  to  be  a  stumbling-block  to-day  becomes  a  stepping- 
stone  for  the  morrow.  Numerous  misleading  and  absurd  the- 
ories are  advanced  to  cover  up  the  deficiencies  of  each  new- 
type  that  is  brought  before  the  public,  but  [these  are  soon  ex- 
ploded under  the  practical  tests  to  which  they  arc  subjected, 
and  in  due  time  pass  into  obscurity,  while  the  boiler  struggles 
along  for  an  existence,  but  Anally  has  to  yield  to  an  untimely 
death  by  corrosion,  anil  is  hurried  to  the  Scrap-pile. 

The  subject  of  circulation  has  been  discussed  and  reviewed 
by  many  theoretical  engineers,  and  the  movements  of  the 
water  in  the  boiler  followed  with  mathematical  precision  in 
space  and  velocity,  until  it  seems  to  the  would-be  inventor 
that  the  theory  advanced  was  a  sure  thing,  and  forthwith 
attempts  to  put  it  into  practical  operation.  Having  built  his 
boiler  on  the  lines  of  theoretical  circulation,  be  finds  on  test- 
ing that  he  is  as  far  from  the  desired  goal,  as  far  as  practica- 
bility is  concerned,  as  when  he  started.  These  expensive  i  I 
perimenta  generally  result  in  distrust  and  condemnation  of  all 
water-tub  ind  a  return  to  the  old  familiar  shell  pat- 

tern with  all  its  faults. 

In  order  to  produce  steam  economically  it  would  lie  neces- 
sary to  reverse  the  pi  .mid  in  the  tubular  boiler— viz  , 

to  cut  up  the  water  spaces  (as   water   is   a  | r  conductor  of 

heat)  and  enlarge  the  fire  spaces,  for  by  dividing  the  flames 
and  gases  Combustion  ceases  and  a  waste  of  fuel  is  the  result. 
This  feature  of  cutting  up  the  water  spaces  has  been  overdone 
in  most  of  the  tubulous  boilers  now  on  the  market.  If 
we  take  a  tube,  say,  16  ft.  long  and  3  in.  diameter,  and  con- 
it  to  a  Bteam  drum,  as  shown  in  the  cut,  by  applying  in- 
tense lent  lis  in  forced  firingi  along  the  parts  ./  h  ',-  &,  the 
steam  generated  at  <i  would  not  have  time  to  reach  the  Bteam 
space  before  the  steam  at  l>  would  have  overtaken  it,  and  so 


on  all  along  the  tube,  which  would  result  in  a  lube  full  of 
Steam,  and  under  the  intense  tire  would  become  superheated, 
and    in   order   to  escape   would    force    both    ways,  SO    thai    the 

wai.r  in  the  tube  would  be  driven  into  the  steam  space  until 

the  steam  in  the  tube  was  liberated.      While  this  action  was 
taking   place,   although  probably  but   a   brief   space  of    t 
the  part  of  the  tube  subjected   to  the  lire  would  become  over- 
heated, and  the  water  coming  back  upon  it  would  be  converted 

into  steam  almost  instantaneously,  and  the  same  action  of 

water  lifting  would  be  repeated.  The  tube  under  these  chang- 
ing temperatures  would  be  subjected  to  severe  strains  of  con- 
traction and  expansion,  resulting  in  crystallization  and  corro- 
sion, the  proof  of  which  has  been  fully  demonstrated  by  (he 
short  lives  of  the  water  tube  boilers  thai  have  come  and  gone, 
and  unless  the  tubes  are  shortened,  allowing  the  Steam  quick 
liberation  to  the  steam  space,  these  troubles  may  be  looked 
for.  In  cases  where  the  design  calls  for  long  tube-  in  its  con- 
si  ruction  or  a  continued,  tortuous  travel  of  the  steam,  they 
must  be  of  sutlicirnt  diameter,  so  that  the  water  may  take  up 
the  heat  applied,  but  it  will  be  seen  that  very  little  economy 
would  be  gained  in  doing  so,  owing  to  the  large  water  Bpaces 
and  forced  circulation. 


It  is  a  well  known  fact  that  as  soon  as  steam  is  formed  the 
sediments  arc  thrown  down,  and  if  there  is  no  water  in  the 
tube  to  hold  them  in  solution  they  adhere  to  the  tube,  and  by 
rapid  accumulation  scale  is  formed.  On  examination  it  will 
be  found  in  all  water-tube  boilers  that  the  deposit  of  scale  is 
greater  where  the  most  heat  is  applied.  The  recent  discussion 
at  the  meeting  of  the  American  Society  of  .Mechanical  Engi- 
neers brought  to  light  a  great  man}-  defects  in  this  type  of 
boiler  that  have  heretofore  been  kept  silent,  or  their  defects 
covered  up  by  nonsensical  theories  which  arc  generally  swal- 
lowed by  the  less  practical  purchaser,  to  whom  it  often  proves 
an  expensive  dose  when  it  comes  to  the  practical  application 
of  these  theories. 

The  safety  of  this  type  is  ■■■■  very  important  feature  to  be 
considered  in  its  favor,  when  we  look  over  the  long  list  of  dis- 
astrous boiler  explosions  which  take  place  every  year,  result- 
ing in  loss  of  life  and  properly. 

The  requirements  of  a  practical  working  water-tube  boiler, 
according  to  my  idea,  would  be  one  that  shall  have  short  tubes 
so  arranged  a-  to  give  a  natural  circulation  ;  quick  delivery  of 
Steam,  unimpeded  in  its  ascent  to  the  steam  space  ;  a  sufficient 
body  of  water  at  all  times  lo  keep  the  tubes  supplied  ;  a  large 
Bteam  space,  as  this  is  of  vital  importance  to  this  type  of  boilei  ; 
light  in  weight,  covering  small  lloor  space  ;  and.  above  all. 
one  that  shall  be  easy  to  repair  when  repairs  tire  necessary. 
For  a  boiler  of  this  description  there  is  a  vast  field  to  be  cov- 
ered, and  such  a  one  would  sweep  away  the  objections  that 
at  present  exist,  and  prove  beyond  a  doubt  that  the  water 
tube  boilers  are  in  every  respect  superior  to  the  shell  type. 
Win.  will  bring  them  to 'the  front?  C.  T.  C. 


NOTES  AND  NEWS. 


Railway  Accidents  in  Great  Britain— The  government 
Board  of  Trade  ha-  issued  a  report  giving  tin  number  of  em- 
ployes killed  and  injured  during  the  years  1870,  1878,  l>-77. 
1880  and  thereafter  to  1892.  The  smallest  number  of  deaths 
and  injuries  occurred  in  1870,  when  115  deaths  and  120  inju- 
ries were  reported.  The  last  year  with  which  the  report  deals 
— that  is,  1892 — there  were  534  killed  and  2.215  injured.  The 
propoition  of  killed  to  employed  was  1  in  714,  and  of  injured 
to  employed  1  in  120. 

Gun  Work  Rejected.— As  a  result  of  the  recent  armor-plate 
exposures  the  officers  appointed  to  inspect  material  for  the  Navy 
have  been  doubly  alert,  and  it  now-  transpires  thai  39  sets  of 
gun  forginge  made  by  the  Midvale  Steel  Company  have  been 
rejected.  In  the  forgings  the  Inspectors  at  the  Washington 
Navy  Yard  detected   a  number  of   fine  hair  cracks,  till  in   x  in. 
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gun  work.  In  many  cases  the  cracks  were  so  fine  that  the  use 
of  a  glass  was  necessary  to  deled  them.  The  matter  was  re- 
parted  to  the  Ordnance  Bureau,  and  Captain  Sampson  deter- 
mined to  reject  the  entire  lot,  holding  that  with  the  tremendous 
pressure  to  which  the  guus  are  Bubjeeted  it  would  be  danger- 
ous to  put  them  in  use.  The  company  appealed  from  the  de- 
cision, but  the  Board  appointed  to  reinspect  the  work  found 
that  while  the  hair  cracks  did  not  extend  for  more  than  an  inch 
or  two,  in  some  instances  it  was  discovered  by  cutting  into  the 
material  that  frequently  where  one  crack  would  end  another 
would  begin.  The  conclusion  reached,  therefore,  was  that 
the  material,  for  some  reason  not  known  to  the  company  or  to 
the  experts,  was  not  of  the  high  quality  which  is  required  by 
the  contract,  and  which  the  company  has  hitherto  turned  out. 
The  company  will  be  required  to  furnish  29  extra  sets  of  forg- 
ings.  amounting  in  value  to  about  $50,000. 

Compressed  Air  in  a  Coal  Mine.— In  the  great  Nottingham 
Colliery  of  the  Lehigh  &  Wilkesbarre  Coal  Company  at  Plym- 
outh, Pa  .  compressed  air  is  practically  utilized  for  operating  the 
drainage  pumps.  The  Nottingham  Colliery  is  located  in  the 
west  side  of  the  north  branch  of  the  Susquehanna  River.  The 
mine  is  operated  by  a  shaft  060  ft.  deep  from  the  surface  to  the 
bottom  landing,  and  the  workings  are  extended  deeper  into  the 
basin  by  underground  slopes  of  comparatively  light  pitch.  A 
portion  of  the  workings  extend  under  the  river,  and  this  fact, 
in  connection  with  the  location  of  the  major  portion  of  the 
workings  under  the  low  ground  of  the  Wyoming  Valley,  make- 
necessary  the  employment  of  an  extensive  pumping  plant,  so 
as  to  provide  for  extraordinary  drainage  during  the  wet  sea- 
sons. Cutil  a  few  months  ago  steam  was  used,  but  the  low 
pressures  available  at  the  pumps,  together  with  the  expense  of 
maintaining  a  safe  roof  in  the  passageways  through  which  tin- 
steam  pipe  ran.  the  liability  to  accident  and  interference  with 
the  ventilating  currents  in  case  the  steam  pipe  was  broken,  to 
gether  with  a  number  of  other  objections  to  steam,  induced  the 
management  of  the  company  to  adopt  compressed  air,  which 
fully  meets  the  requirements  of  the  work  and  the  expectations 
of  the  company. — Manufacturers'  Gas  ~ 

Building  on  Quicksands. — The  well-known  German  en- 
gineer, Neukirch.  in  a  paper  on  making  foundations  in  quick- 
sand, uryes  that  the  sand  on  which  the  foundation  is  to  rest 
be  converted  into  solid  concrete  by  blowing  into  it,  by  air 
pressure,  powdered  dry  hydraulic  cement,  using  for  this  pur- 
pose a  lj-in.  pipe  drawn  to  a  point  at  its  lower  end  and  hav- 
ing three  or  more  fin.  holes.  In  practice  this  pipe  is  joined 
at  its  upper  end  by  a  rubber  tube  to  an  injector,  which  is  con- 
nected to  a  source  of  compressed  air  anil  is  fed  with  dry 
cement,  the  sinking  of  the  pipe  to  the  depth  required  being 
facilitated  by  blowing  air  through  it  during  its  descent  and 
setting  it  in  motion,  a  depth  reaching  to  ly  ft.  being  thus 
q  aickly  accomplished.  After  this  the  cement  is  fed  in  and  car- 
ried into  the  sand  by  the  air.  which,  being  forced  up  through 
the  former,  insures  a  thorough  mixture  with  the  cement,  and 
the  tube  is  then  slowly  withdrawn,  the  supply  of  cement  being 
continued  until  it  reaches  the  surface,  the  concrete  formed  in 
this  way  taking  several  weeks  to  harden  and  requiring  some 
months  to  attain  its  full  strength.  Further,  the  whole  area  to 
be  treated  is  divided  into  a  number  of  small  areas  of  about  1 
sq.  ft.  each,  and.  the  tube  being  sunk  successively  and  oper- 
ated on  each  of  the  squares,  it  is  found  that  the  mixture  of  the 
saud  and  cement  produced  occupies  less  space  than  did  the 
sand  alone  before  the  operation.  This  method  of  operation 
has  been  resorted  to  successfully  in  cofferdam  construction 
and  sewer  work  where  such  had  to  03  laid  in  quicksand. 

Pensions  on  the  Prussian  State  Railway  — The  pensions 
and  indemnities  against  accidents  which  are  paid  by  the  man- 
agement of  the  Prussian  State  Railway,  as  provided  in  law.  are 
comprised  in  the  two  following  cases  : 

1.  In  case  of  accident  resulting  in  an  incapacity  to  work,  the 
victim  is  provided  with  the  necessary  medicines  and  medical 
attendance  free  of  charge,  and  insurance  equivalent  to  two- 
thirds  of  his  usual  wages  is  paid  to  him.  During  the  first  three 
weeks  this  expense  is  charged  to  the  sick  fund,  which  is  sup- 
ported by  a  tax  of  3  per  cent,  of  the  wages  of  the  men,  of 
which  1  per  cent,  is  paid  by  the  men  themselves  and  the  re- 
mainder by  the  company.  If  the  incapacity  to  work  is  only 
partial,  the  pension  is  reduced  so  as  to  correspond  with  what 
the  man  can  earn  by  his  own  labor. 

2.  In  case  of  death  the  widow  of  the  employe  is  allowed  a 
pension  equal  to  20  per  cent,  of  the  wages  of  her  husband,  and 
to  each  of  the  children  until  the  age  of  l"i  years  is  reached,  a 
pension  amounting  to  15  per  cent,  is  given,  provided  the  moth- 
er still  lives,  and  20  per  cent,  if  she  is  not  living.  Finally, 
parents  also  receive  an  income  equal  to  20  per  cent,  of  the 
workman  in  case  he  was  their  only  support.     Taken  all  in  all, 


these  pensions  cannot  exceed  60  per  cent,  of  the  wages  of  the 
workman. 

In  1892  the  number  of  workmen  and  employes  on  the  Prus- 
sian State  railways,  who  paid  their  premiums  in  order  to  take 
advantage  of  this  law,  was  188,958,  about  equally  divided  be- 
tween the  operative  department  and  workmen  in  shops. 

Handling  Great  Weights. — With  monster  bullets  has  come 
the  necessity  for  handling  great  weights.  The  engineer  offi- 
cers in  charge  of  the  coast  defense  guns  have  been  confronted 
with  the  problem  of  bringing  huge  projectiles  from  the  11, 
zine  to  the  breech  of  the  big  guns.  With  shells  weighing  1,000 
lbs.  apiece,  such  as  the  projectiles  for  the  12-in.  rifles,  the  em- 
ployment of  mechanical  power  for  their  speedy  handling  is 
obvious.  Special  facilities  also  had  to  be  resorted  to  in  the 
transportation  of  the  powder.  Colonel  Gillespie,  in  charge  of 
the  coast  defense  at  New  York  Harbor,  is  carrying  out  a  plan 
for  the  necessary  conveniences  at  the  gun-lift  battery  in  New 
York  Harbor,  where  are  mounted  two  12  in.  high- power  breech- 
loading  rifled  guns.  A  36-in.  gauge  track  runs  from  the  wharf 
through  the  entrance  of  the  battery  to  a  transverse  gallery  con- 
necting the  magazine  passageways,  where  a  turntable  is  placed, 
from  which  a  track  leads,  right  and  left,  to  points  opposite  the 
entrance  to  the  magazine  passage.  There  are  other  connec- 
tions and  another  turntable,  so  that  by  the  system  the  ammuni- 
tion loaded  upon  flat  cars  from  a  lighter  at  the  wharf  may  be 
delivered  at  the  entrance  to  the  magazine  passages.  There  it 
will  be  transferred  to  the  ammunition  car  by  an  overhead  trol- 
ley and  hoist  of  2,000  lbs.  capacity.  The  transfer  completed, 
the  car  can  be  run  directly  into  the  magazines.  The  latter, 
designed  for  the  storage  of  shells,  are  provided  with  an  over- 
head traveling  bridge,  trolley  and  hoist,  so  that  one  man  can 
handle  a  load  of  2,000  lbs.  at  any  point  of  the  magazine."  The 
combined  ammunition  carriage  and  loading  tray,  forming  part 
of  the  gun  lift,  can,  by  the  same  system,  be  run  from  its  place 
over  the  ram  of  the  ammunition  hoist  into  the  magazines,  re- 
ceive its  powder  and  projectiles,  aud  have  them  conveyed  to 
their  final  position  in  the  gun  entirely  by  mechanical  power. — 
>rk  Times. 

Town  Refuse  as  Fuel.— In  a  recent  issue  of  the  Pop nhw 
Science  Monthly  a  description  of  a  Livet  furnace  which  has  been 
set  up  in  Halifax,  England,  for  the  purpose  of  burning  town 
refuse  and  is  successfully  working,  was  given.  This  furnace 
appears  to  depend  upon  the  peculiar  construction  of  its  fiues, 
which  are  so  built  as  to  utilize  the  effect  of  the  decreasing  vol- 
ume of  the  gases  of  combustion  traveling  toward  the  chimney, 
thus  promoting  a  high  velocit3-  to  the  air  passing  through  the 
furnace  bars  and  producing  rapid  combustion  with  intense 
heat.  At  the  same  time,  the  effect  of  this  peculiarity  of  con- 
struction is  to  cause  the  gases  themselves  to  move  slowly 
through  the  flues,  so  that  they  may  part  with  their  useful  heat 
before  escaping  into  the  atmosphere.  The  force  of  the  draft  at 
the  furnace  is  such  that  a  high  and  constant  temperature  is  ob- 
tained and  efficiency  of  combustion  insured,  while  all  unpleas- 
ant odors  inherent  in  town  garbage  are  destroyed.  As  an  ex- 
ample of  the  heat  economy  effected,  it  is  said  "that  whereas  in 
previous  generators  the  best  results  ever  obtained  have  been  | 
lb.  of  water  evaporated  on  the  combusion  of  1  lb.  of  refuse, 
in  the  Livet  generator  over  3  lbs.  of  water  are  evaporated  into 
steam  for  every  pound  of  refuse  consumed,  in  spite  of  the  fact 
that  it  is  frequently  known  to  contain  20  per  cent,  of  moisture. 
The  temperature  of  the  gases  just  before  entering  the  chimney 
is  stated  to  be  from  300'  to  400'  F.  lower  than  hitherto  ob- 
tained. The  progression  of  the  gases  is  partially  arrested  at 
both  ends  of  each  flue  for  the  purpose  of  permitting  them  to 
deposit  the  contained  light  dust  in  suitable  expansion  cham- 
bers or  pits  which  can  be  cleaned  out  when  desirable.  This 
arrangement  serves  to  overcome  the  objectionable  dust,  which 
in  ordinary  "  destructors"  tends  to  choke  the  flues  and  impreg- 
nate the  air  of  the  surrounding  districts. 

Canal  Boat  Resistance.— The  resistance  of  canal  boats  to 
traction  has  been  investigated  for  the  Ministry  of  Public 
Works  of  France  by  M.  de  Mas,  the  account  of  the  experi- 
ments being  given  in  a  two-volume  report  issued  recently  by 
the  Ministry.  It  was  found  that  at  a  speed  of  8.28  ft.  a  second 
the  resistance  of  the  70  odd  types  of  barges  ranged  anywhere 
from  3  to  8  lbs.  per  square  foot  of  immersed  section.     If  the 

nee  at  a  speed  of  5  ft.  a  second  with  a  draft  of  3..- 
1 1  meteri  is  called  unity,  the  resistance  with  a  depth  of  4  27  ft. 
(1.3  meters)  becomes  1.13,  and  with  a  draft  of  5.25  ft.  (1.6 
meters)  becomes  1  27 — that  is  to  say.  the  resistance  dots  in- 
crease with  the  displacement  of  the  boat,  but  more  slowly. 
Another  fact  found  out  was  that  the  resistance  may  be  much 
reduced  by  using  smooth  surfaces  below  the  water-line,  the 
total  resistance  of  a  wooden  barge  being  diminished  from  782 
lbs.  to  551  lbs.  bv  covering  the  sides  with  oilcloth.  The  length 
of  the  boat  was  'found  to  have  little  influence  on  the  traction 
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when  the  speed  was5  ft.  or  more  a  second,  but  the  form  of 

bow  and  stern  was  shown  to  be  important,  a  spoon  shaped  bow 

giving  the  best  results.     It  is  probable  thai  similar  tests  of  re 

sarilv  be  made  to  boats  on  the  American 

canals  as  soon  as  electrical  traction  has  obtained  a  linn  bold,  as 
it  undoubtedly  will.  The  present  form  of  canal  boat  bow  is 
one  that  is  anything  but  well  adapted  to  a  clean  and  easy  move- 
ment through  the  water.  There  are  a  few  vessels  on  the  Great 
Lakes  which  are  built  in  nearly  this  form,  and  when  they  are 
being  forced  through  the  water  at  a  speed  of  from  8  to  0  milts 
an  hour  the  wave  which  banks  up  in  front  of  them  is  like  the 
swell  following  such  fast  steamers  as  the  Sandy  //-/"/ami  U  - 
mouth,  running  in  Xew  York  Harbor,  with  the  difference  that 
instead  of  a  smooth,  (lowing  curve,  it  rises  in  front  like  a  solid 
resisting  wall.  The  same  may  be  seen  in  front  of  the  bows  of 
many  steam-propelled  canal  boats.  As  long  as  the  mule  was 
the  motive  power  of  the  canal,  and  the  owner  and  captain  igno- 
raut  of  the  loss  by  resistance  and  the  speed,  there  was  no  proba- 
bility of  any  investigation  being  made  ;  but  as  soon  as  large 
corporations  take  the  matter  of  propulsion  in  hand,  the  labor- 
saving  spirit  will  prevail,  and  the  most  economical  forms  be 
adopted  as  a  result. 

New  Small  Arm  for  the  Navy. — The  great  powers  of 
Europe  are  almost  as  deeply  interested  as  is  the  United 
States  in  the  competitive  tests  of  small  arms  begun  at 
Newport  Naval  Torpedo  Station  on  August  1.  where  the  final 
step  is  being  taken  toward  equipping  the  marines  and  blue- 
jackets of  this  country  with  the  most  destructive  weapon  in 
the  world.  The  small  arm  at  present  used  in  the  navy  is  the 
familiar  .45  in.  caliber,  which,  with  the  regulation  black  pow- 
der, gives  au  effective  ranee  of  1,200  yds.,  only  55  rounds 
being  carried  per  man.  With  the  high-velocity/-produeiug 
smokeless  powder,  these  guns  are  rapidly  becoming  obsolete, 
and  all  modern  nations  have  adopted  new  weapons  with  smaller 
calibers.  Italy,  Roumania  and  Holland  have  chosen  6.5  milli- 
meters ;  Spain  and  Chili,  7  millimeters  ;  the  new  L'nib  d  S 
Army  caliber  is  .30  in.  :  the  famous  Lebel  of  the  French  is  8 
millimeters  or  ,815  in.  ;  the  Mannlicherof  Germany  is  G. 5  milli- 
meters ;  and  the  ordnance  sharps  of  the  United  States  Navy, 
after  careful  consideration,  have  adopted  a  caliber  of  6  milli- 
meters, or  .2o(i  in.,  the  smallest  bore  used  in  warfare,  being 
but  slightly  greater  than  the  familiar  .22  in.  caliber  of  the 
small  boy's  first  pistol  or  the  "  cat"  rifle. 

However,  the  cartridge  the  Navy  will  use  in  the  new  gun  is 
totally  different  from  the  popular  bullet  cap.  Its  projectile 
looks  like  an  inch  and  a  half  of  heavy  telegraph  wire,  and  the 
explosive  chamber  of  the  cartridge  widens  out  like  a  cham- 
pagne bottle.  The  bullet  is  nickel  steel,  coated  with  nickel, 
weighing  loo  grains  :  the  explosive  is  40  grains  of  ritleite— the 
highest  power  of  smokeless  explosive — the  effective  or  killing 
range  i-  2,000  yds.,  and  each  man  can  carry  150  rounds.  The 
United  States  arsenals  have  already  manufactured  a  large  num- 
ber of  the  new  barrels,  which  are  but  30-iu.  long,  and  the  long 
projectiles  from  them  have  been  driven  through  30  in.  of  solid 
pine.  Thorough  tests  have  demonstrated  the  wisdom  of  adopt- 
ing the  smaller  caliber  ;  and  the  only  thing  that  now  remains 
to  provide  American  bluejackets  with  the  most  terrible  life 
destroyers  is  a  breech  mechanism  enabling  the  accurate  dis- 
charge of  the  greatest  number  of  projectiles  in  the  least  time. 

Naval  officials  have  the  highest  confidence  in  the  ability  of 
American  ingenuity  to  supply  this  desideratum,  and  with  "this 
in  view  last  March  Secretary  Herbert  called  upon  inventors  for 
a  breech  mechanism,  offering  to  furnish  the  new  barrels  for 
experimental  purposes,  and  naming  August  1  as  the  date  upon 
which  completed  guns  should  be  submitted,  and  tests  under  a 
competent  Naval  Board  should  commence  at  Newport.  The 
Government  is  now  ready  to  begin  these  tests.  It  has  furnished 
27  barrels,  many  of  them  to  famous  gun-makers,  and  much 
curiosity  exists  as  to  the  contrivances  submitted.  The  rirst 
order  for  the  new  guns— all  barrels  being  made  by  the  Gov- 
ernment and  the  weapon  to  be  finished  by  the  successful  in- 
ventor—will probably  amount  to  15,000  anus.  It  is  confi- 
dently expected  that  some  radical  improvements  in  small-arm 
practice  will  be  developed,  and  little  or  no  doubt  is  expressed 
that  the  United  States  will  secure  something  superior  to  any- 
thing in  use  in  Europe,  if  indeed  an  advance  is  not  made  which 
will  astonish  the  world  as  much  as  early  great  American  in- 
ventions. 

The  tests  at  Newport  are  exceptionally  severe— safety, gen- 
eral action,  defective  ammunition,  excessive  charges,  rapid- 
ity, accuracy,  and  ability  to  stand  dust  and  rust  entering  into 
consideration.  The  endurance  test  will  be  500  continuous 
rounds  without  cleaning,  and  the  facility  with  which  the 
breech  mechanism  and  magazine  system  can  be  completely 
taken  apart  and  put  together  will  be'noted. 

It  is  understood  that  upon  the  result  of  these  trials  will  de- 


pend whether  France  will  abandon  the  wonderful  Lebel  arm, 
with  which  she  has  gone  to  such  enormous  expense  in  equip- 
ping her  troops,  and  follow  the  lead  of  the  United  States  in 
adopting  the  smaller  caliber  and  a  superior  magazine  arm. 
The  tests  of  machine  guns  which  have  been  going  on  at  the 
Washington  Ordnance  Factory  and  Indian  Head  Proving 
Grounds  were  undertaken  with  the  purpose  of  selecting  the  best 
machine  gun  mechanism  for  the  newly  adopted  barrel. — New 
York  8un. 

Freight  Locomotives  in  Germany  and  England.— During 
the  past  year  some  new  freight  locomotives  have  been  built  in 
Germany  and  England  which  are  especially  interesting  in  that 
they  indicate  the  complete  deviation  from  the  ideas  which  have 
prevailed  for  a  long  time  in  these  two  countries  regarding  en- 
gines of  these  types.  They  are  engines  of  eight  wheels 
coupled.  We  mention  first  the  engines  built  at  the  shops  of 
the  London  &  Northwestern  Railway,  at  Crewe,  for  coal  trains 
running  over  this  line,  and  which  were  constructed  in  accord- 
ance with  the  designs  of  Mr.  F.  W.  Webb.  The  axles,  which 
are  four  in  number,  are  all  coupled  together,  the  last  one  being 
"  back  of  the  tire-box,  after  the  English  fashion.  This  fact,  then, 
with  the  diameter  of  the  wheels,  which  is  5  ft.  6  in.,  causes  the 
distance  between  the  front  and  back  axle  to  be  considerable, 
amounting  to  16  ft.  4  in.  the  front  and  back  axle  having  a  side 
play  of  J  in.  There  are  three  cylinders  side  by  side  and  all 
driving  the  same  axle,  which  is  the  second  one  ;  the  central 
cylinder,  which  is  the  low-pressure  one,  has  a  diameter  of  2  tt. 
6  in.  ;  the  outside  high  pressure  is  1  ft.  3  in.  in  diameter,  which 
gives  a  ratio  of  volume  of  2  to  1.  The  stroke  is  2  ft.  for  the 
three  cylinders  ;  but  the  valves  of  the  outside  cylinders  are 
operated  by  the  link,  while  the  inside  is  driven  by  an  eccentric 
giving  a  fixed  cut-off  the  same  as  used  by  Mr.  Webb  in  his 
later  passenger  engines.  The  boiler  works  under  a  pressure 
50  Hi-  to  the  square  inch  ;  the  grate  has  an  area  of  20.34  sq. 
ft.  and  210  tubes  of  1^  in.  diameter,  with  the  length  of  13  ft.  4 
in.  The  heating  surface  of  the  fire-box  is  114.06  ft.,  that  of 
the  tubes  1,372.50  ft.,  making  a  total  heating  surface  of  1,487.16 
ft.  The  distribution  of  the  weight  on  the  four  axles  is  some- 
what unequal,  as  we  would  be  led  to  expect  from  the  general 
arrangements.     The  front  axle  carries  28,000  lbs.  ;  the  second, 

10  lbs.  ;  the  third.  28,450,  and  the  last,  21,600  lbs.,  giving 
the  engine  a  total  weight  in  working  order  of  about  50  tons. 
The  tractive  power  of  the  compound  engine  can  be  estimated 
by  taking  .50  for  the  small  cylinders,  which  causes  the  coeffi- 
cient of  reduction  to  disappear,  since  there  are  two  of  them 

4U 
giving  the  formula  p  —  =  14,727,  corresponding  to  about  .15 

D 
of  the  total  weight.  This  coefficient  of  adhesion  is  somewhat 
low  for  a  locomotive  with  tender,  although  the  English  papers 
which  give  reports  of  this  engine  do  not  show  that  any  provi- 
sion has  been  made  for  admitting  live  steam  into  the  large  cyl- 
inders so  as  to  temporarily  increase  the  tractive  power.  It  is 
hardly  necessary  to  say  that  in  this  model,  although  there  are 
three  cylinders,  there  is  nothing  to  suggest  the  type  of  passeu- 

agines  designed  by  Mr.  Webb,  in  which  the  cylinders  act 
on  different  axles  in  such  a  way  as  to  get  a  better  distribution 
of  their  power.  They  rather  resemble  the  three  cylinder  en- 
gines tested  by  Struve,  in  Russia,  in  1881.  It  is  said  that  these 
engines  give  good  results,  although  no  comparative  tests  as  yet 
have  been  made  between  them  and  engines  of  the  same  type, 
but  having  only  two  cylinders,  which  have  been  previously 
built  by  Mr.  Webb  for  coal  service  on  the  London  A- North- 
western Railway.  The  Germans  have  only  used  engines  with 
six  wheels  coupled  at  rare  intervals  up  to  the  preseut  time. 
The  Baden  roads  had  some  built  about  20  years  ago  with  eight 
wheels  coupled.  Wurtemberg  roads  have  had  some  with  ten 
wheels  coupled  and  llexible  connections  on  the  Klose  system 
built  within  recent  years.  The  Hanoverian  Society,  formerly 
the  firm  of  < ;  Egerstoff,  built  a  locomotive  last  y-ear  which  was 
the  2,500th  sent  out  from  this  establishment,  and  which  seems 
to  have  been  built  after  the  American  model,  as  it  is,  in  real- 
ity, a  consolidation  engine — that  is  to  say,  it  had  eight  wheels 
coupled  with  a  pony  truck  ahead  of  the  cylinders.  The 
coupled  wheels  were  4  ft.  2  in.  in  diameter,  and  the  truck 
wheels  3  ft.  4  in.  ;  the  total  coupled  wheel  base  10  ft.  7  in. 
The  steam   pressure  is  165  lbs.  to  the  square  inch  ;  the  grate 

is  JIT",  si!,  tt.  and  the  total  heating  surface  is  1,550  sq. 
ft.,  witli  a  diameter  for  the  shell  of  the  boiler  of  3  ft.  4  in. 
The  tire-box  is  beneath  the  back  axle,  and  there  is  an  extension 
smoke-box.  There  are  two  cylinders  :  one  with  a  high  press- 
ure with  a  diameter  of  1  ft.  9  in.,  and  the  other  low  pressure 
with  a  diameter  of  2  ft.  5i  in.,  located  outside  the  frames  and 
slightly  inclined  to  the  horizontal  ;  the  stroke  is  2  ft.  1  in. 
There  is  a  single  guide  to  carry  the  cross-head,  and  this  is 
placed  above  as  usual.     The  valves  are  inside  and  controlled 
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by  Alien  links.  One  peculiarity  is  thai  this  engine  is  arranged 
tu  work  at  will,  cither  as  a  compound  or  simple  engine  with 
independent  admission  and  exhaust  Tor  the  two  cylinders. 
For  this  purpose  it  is  provided  with  a  non-automatic  arrange- 
ment after  our  system,  but  modified  bj  Mr.  von  Bonies  :  The 
engine  has  a  steam  brake  ;  it  has  an  air  sereen  somewhat  ex- 
tended out  toward  the  front  to  accommodate  the  engineer. 
The  weight  is  51  tons  empty  and  58  tons  in  working  order,  of 
which  52  tons  are  upon  the  driving-wheels  ;  with  the  tender 
filled  the  total  weight  is  90  tons  ;  the  tractive  power  of  the 
compound  in  running  order  is  IS. 7-10  lbs.,  when  working  as  a 
simple  engine  it  would  be  somewhat  more  than  this.  Taking 
3.6sq.  ft.  of  heating  surface  per  H.P..  the  tractive  effort  which 
can  be  obtained  at  a  speed  of  9  miles  per  hour  is  17,410  lbs. 
The  pull  corresponding  to  the  adhesion  at  .15  is  17,190  lbs. 
The  engine  is  intended  for  running  over  the  tracks  with  an 
undulating  profile  on  the  Prussian  State  Railway,  while  double 
heading  with  six-coupled  wheels  is  now  required.  These  en- 
gines were  ordered  by  the  management  of  the  Hanoverian  Rail- 
way ;  but  the  Right  Bank  of  the  Rhine  Railway  of  Cologne  have 
actually  tried  this  articulated  compound  engine  of  two  axles 
each,  weighing  about  56  tons  ;  it  has  also  been  done  by  the  State 
Railway  of  Baden.  They  have  a  little  more  adhesive  weight 
with  a  little  less  total  weight,  a  little  more  cylinder  capacity 
with  the  same  heating  surface  as  the  engines  just  described. 
They  are  very  similar,  with  the  exception  of  the  independent 
tender,  \,o  the  locomotives  of  the  same  system  used  on  the  Cen- 
tral Railway  of  Switzerland.  There  is,  therefore,  the  means 
at  hand  of  making  an  interesting  comparison  between  two 
types  of  compound  engines  of  the  same  power,  one  with  two 
and  the  other  with  four  cylinders. — Beetle  Generate  des  CI" 
de  Fe>: 


THE  PNEUMATIC  DYNAMITE  GUNS. 


Our  readers  are  more  or  less  familiar  with  the  work  that 
has  been  done  and  the  experiments  that  have  been  made  with 
the  dynamite  cruiser  Vesuvius,  as  well  as  the  fact  that  /.' 
afterward  the  Nietheroy,  of  the  Brazilian  Navy,  was  equipped 
with  a  pneumatic  gun  for  firing  a  charge  of  dynamite.  The 
wrork  that  has  thus  far  been  accomplished  is  of  such  a  charac- 
ter as  to  fully  demonstrate  the  practicability  of  the  pneumatic 
dynamite  gun,  both  for  accuracy  of  aim  and  reliability  of  the 
explosion  of  the  charge  at  the  point  of  impact.  In  view  of 
these  conditions,  the  Pneumatic  Torpedo  &  Construction  Com- 
pany, of  41  Wall  .Street.  New  York,  are  just  completing  a 
battery  of  three  guns  for  the  coast  defense  at  Sandy  Hook. 
N.  J.,  and  have  the  contract  for  another  that  is  to  be  located 
at  San  Francisco,  Cal. 

The  specifications  for  the  Sandy  Hook  contract  require  that 
the  company  shall  place  a  battery  consisting  of  one  8  in.  and 
two  15-iu.  guns,  including  all  of  the  machinery  necessary  to 
fire  and  handle  the  same,  including  carriages  and  ammunition. 

The  length  of  the  8-in.  gun  is  70  calibers  and  that  of  the 
15-in.  40  calibers.  Our  illustrations  all  refer  to  the  larger  gun. 
The  plant  includes  a  complement  of  boilers,  air  compressors, 
storage  reservoirs  and  pumps  that  will  give  a  capacity  for  a 
continuous  fire  of  extreme  range  of  50  rounds  for  the  first  hour, 
comprising  20  rounds  from  the  8-in.  gun  and  30  rounds  for 
the  two  15-in.  guns,  and  30  rounds  Dei  hour  thereafter.  The 
boilers,  which  lie  at  the  basis  of  the  whole  work,  are  of  the  ordi- 
nary horizontal  return  tubular  type.  They  are  four  in  num- 
ber, each  5  ft.  6  in.  in  diameter,  and  16  ft.  long,  with  one 
hundred  3-in.  tubes.  These  boilers  are  fed  with  both  pumps 
and  injectors,  either  of  which  is  of  sufficient  capacity  for  reg- 
ular working.  At  present  a  natural  draft  is  used,  with  a  sepa- 
rate stack  for  each  boiler,  but  it  is  probable  that  after  the  par- 
apet has  been  built  in  front  of  the  guns  that  these  stacks  will 
lie  removed  and  a  forced  draft  substituted,  as  the  stacks  could 
be  readily  shot  away,  thus  seriously  crippling  the  plant. 
Water  is  obtained  from  wells  sunk  in  the  sand  just  outside  the 
building. 

The  compressors  are  in  duplicate,  each  one  being  amply 
sufficient  for  the  service  of  the  gun  as  required  by  the  con- 
tract. They  are  what  is  known  as  the  three-stage  compressor, 
or  the  reverse  in  their  action  to  that  of  a  triple  expansion 
steam  engine.  Each  compressor  has  two  sets  of  steam  cylin 
ders  that  are  16  in.  in  diameter,  with  a  stroke  of  22  in.  One  end 
of  the  piston-rod  makes  the  usual  connections  to  the  crank 
shaft,  while  the  other  extends  back  through  two  air  cylinders 
that  are  placed  tandem  behind  the  steam  cylinder.  Next  to 
the  steam  cylinder  on  each  side  there  is  one  first  stage  ail  cylin- 
der. These  two  cylinders  are  14  in  in  diameter  and  are  con- 
nected in  parallel,  delivering  their  air  into  an  intercooler 
located  between  the  first  and  second  cylinders.  After  leaving 
the  second  cylinder  the  air  passes  through  another  intercooler 


+rr 


to  the  third  cylinder, 
wherein  it  is  com- 
i  to  the  final 
pressure,  which 
ramies  from  1,000  lbs. 
per 
square  inch. 

When  the  air  leaves 
this  cylinder  it  passes 
through  an  after  cool- 
er in  order  to  reduce 
the  heat  to  which  the 
joints  are  exp  - 
thus  bringing  it  down 
to  average  a  t  m  o  s  - 
pheric  temperatures. 
The  diameters  of  the 
three  compressing 
cylinders  are  14  in., 
84  in.  and  4^  in.  re- 
spectively for  the  low, 
intermediate  and  high 
pressures.  The  air 
pressure  as  it  leaves 
the  first  cylinder  is  75 
lbs.,  and  375  lbs.  for 
the  second.  The  com- 
ii  plant  also  in- 
cludes two  duplex 
pumps  with  steam 
cylinders  6  in.  in  di- 
ameter, and  water  cyl- 
inders 5}  in.  in  diam- 
eter, with  a  common 
stroke  of  6  in.  These 
are  used  to  circulate 
water  through  the 
coolers  and  water 
jackets  of  the  cylin- 
ders. Finally,  there  is 
a  50  II  P.  high-speed 
engine  driving 
kilo-watt  dynamo  at  a 
speed  of  850  revolu- 
tions per  minute,  and 
developing  a  110-volt 
current.  This  current 
is  used  for  the  electric 
lights  about  the  build- 
ing and  for  driving 
the  electric  motors  on 
the  gun  carriages.  A 
slate  switchboard  in 
the  engine-room  con- 
tains an  ammeter, 
voltmeter  and  switch- 
es for  connecting  to 
the  guns.  In  the  en- 
gine room  above  the 
circulating  pumps  are 
the  feed- water  heaters 
through  which  the  ex- 
haust steam  from  the 
compressor  engines 
and  pumps  p 
raising  the  tempera- 
ture of  the  feed  water 
to  180°. 

The  pressure  ordi- 
narily stored  in  (he 
reservoirs  is  2,000 
lbs.,  though  it  is  re 
.  t  1,000  lbs.  for 
service  in  the  guns. 
In  the  room  occupied 
by  the  storage  reser- 
voirs there  is  a  bank 
of  valves  working 
somewhat  on  the  prin- 
ciple of  a  gate  valve, 
but  modified  for  the 
special  service  which 
they  are  to  render  :  for 
while   they   are   held 

i  by  the  j>r 
upon  the  back  of  the 
valve  there  is  a  small 
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supplementary  valve  that  is  opened  by  a  slight  play  iu  the 
stem  of  the  main  valve,  by  which  the  latter  is  balanced  ami 
then  easily  opened  against  the  great  pressure  existing'  in  the 
pipes,  These  pipes  are  so  led  to  and  from  the  bank  of  valves 
thai  the  compressors  can  deliver  air  directly  to  the  gun  reser- 
voirs, thus  pumping  into  the  guns  as  it  is  called,  01  send  to 
the  storage  reservoirs  at  the  will  of  the  attendant.  It  is  the 
duty  of  tliis  man  to  see  that  a  pressure  of  1,000  His.  per  square 
inch  is  maintained  in  the  guns. 

The  Storage  reservoirs  have  a  capacity  of  450  cub.  ft.,  and 
consist  of  a  nest  ol  18  wrought  iron  cylinders  each  25  ft.  long, 
16  in.  in  diameter,  and  with  shells  ];!  in.  thick.  The  heads  are 
welded  in  so  that  there  are  no  nvetted  joints  about  them. 
These  reservoirs  ate  arranged  by  means  of  their  pipe  connec- 


cup  packing.  Thesecup  packings  are  held  out  by  an  oil  press- 
ure from  behind  that  is  developed  by  admitting  air  under 
pressure  into  a  cylinder  at  the  right-hand  side  of  the  carriage, 
This  cylinder  carries  a  piston  that  forces  a  plunger  down  Into 
an  oil  chamber,  thus  materially  increasing  the  hydrostatic 
piessure  of  the  latter  ami  serving  to  hold  the  leather  packing 
tight.  Enough  oil  oozes  through  the  leather  of  this  packing 
to  lubricate  the  working  portions  of  the  gun  and  preserve  it 
from  rust. 

The  gun  is  mounted  on  a  carnage  with  a  center  pintle  that 
allows  it  to  traverse  through  a  complete  circle.  The  elevation 
obtainable  is  35°.  The  specifications  required  that  it  should 
be  trained  and  elevated  by  pneumatic  or  hydraulic,  or,  alterna- 
tively, by  electric  power  directly  under  the  control  of  the  gun- 
ner, as  well  as  to  admit  of  the  same 
movements  by  hand  power.  The  com- 
pany elected  to  use  an  electric  motor, 
and  accordingly  one  that  is  rated  at, 
111  H.P.,  is  installed  in  the  left-hand 
side  of  the  carriage.  It  is  entirely  in- 
closed and  thoroughly  protected  in 
every  way.  This  motor  (not  shown) 
stands  with  its  armature  shaft  in  line 
with  the  center  of  the  carriage  arm, 
but.  in  order  to  utilize  the  space  to  the 
best  advantage  it  is  geared  to  a  shaft 
running  close  to  the  outside  plating. 
A  lever  on  the  side  of  the  carriage  with 
a  locomotive  latch  and  having  a  ver- 
tical motion  is  within  reach  of  the  gun- 
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tions  to  the  bank  of  valves  already  alluded  to, 
that  they  may  be  divided  into  three  groups. 
For  service  work  this  would  not  be  required  ; 
but  where  experimental  shots  are  being  fired, 
one  group  of  six  may  he  drawn  from  until  its 
pressure  falls  below  1,000  lbs.  Then,  as  a  dis- 
charge lowers  the  pressure  in  the  firing  reser- 
voir, it  can  be  raised  by  the  partially  exhausted 
set  and  brought  up  to  a  full  pressure  by  draw- 
ing from  another.  This  system  is  only  used 
where  it  is  desired  to  economize  air. 

The  firing  reservoirs  are  shown  in  section  in 
our  engraving,  ami  consist  of  nests  of  eighl 
wrought-iron  cylinders  ],',  in.  thick  arranged 
in  two  banks  in  a  subterranean  passage  as 
shown.  The  inclined  pipes  that  rise  to  the 
tees  below  the  guns  are  of  charcoal  cast  iron. 
An  attempt  was  made  to  use  steel  castings  I  >r 
this  and  other  portions  of  the  work  about  the 
guns  that  was  subjected  to  these  high  ptess- 
iii'is,  but  the  best  metal  that  could  lie  obtained 
1  porous,  and  either  burst  under  pressure 
or  allowed  such  a  leakage  of  air,  that  it  was 
abandoned,  and  cast  iron  used  in  its  stead. 
The  construction  ami  arrangement  of  these 
firing  reservoirs  is  so  clearly  shown  on  the 
drawing  that  a  further  description  is  unneces- 
sary. 

\Ve  have  now  reached  the  gun,  about  which  the  principal  in- 
terest centers.  As  it  stands  it  is  the  result  of  the  work  of  Cap- 
tain .1.  .T.  Kapietl,  Chief  Engineer  of  the  company,  who  has  so 
remodeled  the  original  pneumatic  gun  that  there  is  really  noth- 
ing left  beyond  the  bare  fundamental  principle  ;  so  that  the 
ingenious  valves  ami  mechanism  belonging  to  the  gun  ami  the 
cartridge  are  monuments  of  his  skill. 

The  loin,  gun   ha-  a  total   length  of    10  calibers,  or  50  ft. 

fr face  of  muzzle  to  the  back   of   the    breech  block.      The 

trunnions  are  35  ft.  from  the  muzzle.  The  dimensions  given 
on  thi'  longitudinal  Bection  of  the  gun  show  the  various  thick- 
-  of  metal  that  are  employed.  The  forward  end  of  the 
gun  is  supported  by  ribs  cast  on  the  barrel,  and  the  whole  is 
helil  together  by  bolts  as   shown.      Air  is  admitted  to  the  gun 

from  the  tiring  reservoirs  through  a  vertical  connection,  whence 
it  passes  to  the  trunnions,  entering  the  annular  space  about  the 
breech,  which  is  always  subjected  to  the  pressure  existing  in 

the  tiring  reservoirs  with  \\  Inch  it   i>  connected.      The  joints  ol 

the  trunnion  and  vertical  connections  are  packed  with  leather 


COMBINATION  OF  AIK  VALVES  FOB  15-INCH   PNEUMATIC  DYNAMITE  GDN. 

ncr,  serves  to  connect  the  shaft  from  the  motor  with  the  ele- 
vating or  training  shalts,  only  one  being  in  gear  at  once.  A 
handwheel  on  a  vertical  shaft  located  just  in  front  of  the  rail- 
ing about  the  gunner's  platform  serves  to  throw  the  driving 
mechanism  for  elevating  ami  training  into  and  out  of  gear. 
This  is  operated  by  the  gunner,  who  has  his  eye  at  the  tele- 
se  ipc.  whose  cross  wires  are  to  catch  the  target.  The  method 
of  wmking  is  for  the  gunner  to  give  the  gun  the  proper  eleva- 
tion and  then,  throwing  in  the  training  gear,  he  brings  the 
crosswires  of  his  telescope  on  the  target  and  tires.  The  con- 
nection between  the  shafts  and  the  gun  is  by  means  of  a  worm 
working  in  a  segment,  as  shown  in  the  enlarged  section  of 
gun  and  carriage.  The  recoil  is  rigid,  and  is  taken  up  by  the 
base  plate.  The  carriage  is  carried  by  rollers  running  on  a 
Circular  track  ami  provided  with  roller  bearings,  which  has 
tly  lessened  the  resistances  where  the  work  is  done  by 
hand.  In  order  to  take  violent,  strains  oil  the  rollers  the  shoes 
art-  lilted  to  the  carriage,  which  have  :\  bare  clearance  from  the 
inside  of  the  circular  track. 
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BREECU  AND  CARRIAGE  OF  15-INCH   PNEUMATIC  DYNAMITE  GUN. 
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Thus  far  we  have  been  dealing  with  comparatively  simple 
problems  in  mechanics,  but  when  the  work  of  designing  the 
tiring  mechanism  was  approached  the  difficulties  to  be  sur- 
mounted were  very  great.  How  well  this  has  been  done  wo 
leave  our  readers  to  .judge.  Some  of  the  conditions  to  be  ful- 
filled were  that  there  should  be  no  possibility  of  a  discharge 
when  the  breech  was  open  ;  that  the  proper  quantity  of  ail 
should  lie  admitted  to  secure  the  desired  muzzle  velocity,  and 
that  tins  quantity  should  be  capable  of  being  varied  at  will. 
In  the  engraving,  which  shows  a  section  of  the  valves,  the 
whole  combination  is  grouped  together  to  save  space  on  the 
drawing,  while  in  reality  the  parts  are  separated  on  the  gun. 
Parts  70-73  are  at  the  trunnion  by  the  gunner's  platform  ; 
parts  36-68  are  at  the  top  and  side  of  the  gun  just  at  the  junc- 
tion of  the  breech  to  the  annular  space,  as  shown  on  the  side 
elevation,  while  the  remainder  is  in  the  breech  itself. 

Compressed  air  at  1,000  lbs.  pressure  having  been  obtained 
in  the  firing  reservoirs,  the  cartridge  having  been  put  in  the 
gun  and  the  breech  closed  and  entirely  locked,  the  firing  lever 
may  be  pulled  and  the  dynamite  sent  on  its  errand  of  destruc- 
tion. It  may  be  remarked  just  here  that  the  personal  equation 
is  no  factor  in  the  operation  of  the  valve,  and  it  is  of  no  mo- 
ment whether  t lie  firing  lever  is  pulled  slowly  or  quickly. 
This  lever  is  shown  on  the  side  elevation  extending  down  from 
the  center  of  the  trunnion.  When  the  gun  and  firing  reser- 
voirs are  under  air  pressures  the  compressed  air  lias  access  to 
the  chamber  71,  holding  the  valve  on  the  firing  stem  against 
its  seat.  Pulling  the  lever  unseats  this  valve  and  allows  the 
compressed  air  to  rush  past  it  and  into  the  pipe  fit).  This  air 
enters  the  chamber  48</  and  forces  the  stem  and  piston  connect- 
ed to  the  lever  60  to  the  left  It  is  here  that  the  interlocking 
apparatus  works.  Attached  to  the  lever  60  at  the  point  64  is  a 
rod  running  back  to  a  latch  on  the  breech.  So  long  as  the 
breech  is  tightly  locked  this  latch  is  free,  and  the  rod  leading 
to  64  can  be  moved  ahead.  But  as  soon  as  the  breech-locking 
mechanism  is  started  this  latch  is  caught,  holding  the  lever  to 
64,  which  in  turn  prevents  the  lever  60  from  moving,  and  thus 
stops  all  further  action  of  the  valve.  But  if,  as  we  have  sup- 
posed, the  breech  is  closed  and  locked,  the  lever  60  is  thrown 
ahead  and  the  tappet  61,  which  is  pivoted  just  below  the  cen- 
ter of  the  lever  fulcrum,  is  thrown  back  and  strikes  the  stem 
of  the  valve  47,  pushing  it  to  the  right.  As  this  is  done  the 
space  53,  passage  52  and  ring  44  are  put  in  communication 
with  the  air  and  exhausted.  At  the  same  time  the  ring  49  is 
filled,  air  enters  the  interior  through  the  duct  46,  and  the  press- 
ure in  43  acting  on  the  larger  area  of  the  differential  piston  48, 
causes  it  to  jump  away  from  61  to  the  right  and  thus  complete 
the  exhaustion  of  the  space  53.  TIk-  annular  space  2  about  the 
breech  being  filled  with  compressed  air,  the  latter  has  access 
to  the  back  of  the  differential  piston  32,  and  as  the  space  58  is 
exhausted  this  piston  32  moves  to  the  left,  passing  beyond  the 
port  27  and  opening  it  to  the  atmosphere  through  the  escape 
38.  As  up  to  this  lime  the  passage  11  lias  been  in  direct  com- 
munication with  the  air  pressure  in  the  annular  space  by  way 
of  ports  27,  2s  ami  20,  the  full  pressure  lias  been  exerted  on  the 
surfaces  17  and  13  of  the  main  valve  to  hold  it  against  the  pack- 
ing 6  and  close  the  ports  7.  But  when  the  air  in  1 1  is  exhaust 
ed  the  pressure  in  2  acting  against  the  shoulder  0  of  the  main 
valve,  throwing  it  to  the  left  and  admitting  air  into  the  gun. 
However,  as  the  valve  32  moves  to  the  left,  it  strikes  the  stem 
58  of  the  valve  47,  driving  the  latter  home  to  its  seat  and  thus 
Stopping  the  escape  of  air  from  53,  which  immediately  begins 
to  till  again  through  the  pipe  56  by  way  of  the  opening  30  into 
the  annular  space,  the  chamber  55  anil  the  passage  54.  As  soon 
as  the  pressure  in  53  has  risen  sufficiently  to  overcome  the 
pressure  in  30  exerted  on  the  back  of  the  differential  piston  32, 
tlie  latter  moves  back  to  the  right,  cutting  off  the  escape  from 
11,  ami  re-establishing  communication  between  it  and  the 
-  2.  Then  the  pressure  in  8  being  again  exerted  on  the 
sin  faces  17  am  I  13,  iivercumes  that  on  the  shoulder  11  and  closes 
the  main  valve.  This  may  seem  a  long  and  tedious  process, 
but  in  pi>int  of  fact  the  actual  time  required  is  less  than  that 
demanded  by  t lie  usual  primer  to  ignite  a  powder  charge.  Tin 
time  during  which  the  main  valve  remains  open  is  regulated  at 
55,  where  the  Bow  of  air  from  the  pipe  50  to  the  passage  54  is 
controlled.  So  as  the  lime  required  for  the  pressure  in  the 
space  43  to  rise  high  enough  to  move  the  valve  32  back  to  its 
normal  position  is  varied,  the  opening  of  the  main  valve  is  cor- 
respondingly lengthened  or  shortened. 

In  order  to  facilitate  the  1 ling,  ihe  cartridge  is  placed  in  a 

cradle  that  is  carried  t"  Ihe  loading  carriage.  This  cradle  con- 
sists of  :i  trough  shaped  to  lit  the  cartridge  and  is  carried  on 
four  wheels  that  run  on  the  track  of  Ihe  loading  carriage. 
Back  "f  the  trough  there  is  a  small  trolley  with  a  stem,  /•',  ex 
tending  forward  from  it  thai  bears  against  the  base  of  the  tail 
tube.  A  wire  rope  is  looped  over  the  horizontal  wheels  at  the 
back  of  this  little  trolley,  and  as  it.  is  tightened  by  winding  on 


the  drums  shown,  the  cartridge  trough  moves  forward  until 
the  clip  C  rides  over  by  depressing  the  dog  D  and  engages 
with  it.  Then  the  prolongation  of  the  trough  A  has  entered 
the  breech  and  is  stopped.  As  the  winding  is  continued  the 
cartridge  is  pushed  into  the  gun  until  the  little  trolley  conn  s 
up  against,  the  stop  D.  when  the  cartridge  is  home.  The 
trough  and  its  carriage  is  then  slacked  back,  the  breech  closed, 
and  tlie  gun  is  ready  for  tiring. 

The  gun  with  its  tiring  valves  having  been  designed,  the 
cartridge  with  its  I  use  offered  a  problem  for  solution  that  was 
by  no  means  easy,  but  one  which  Captain  RapielT  has  disposed 
of.  Our  engraving  shows  an  elevation  and  section  of  the  car- 
tridge. The  fuse  is  at  the  front  end,  the  details  of  which  the 
company  am  not  quite  prepared  to  make  public.  Back  of  the 
fuse  is  the  chamber  for  the  charge  of  dynamite,  containing  a 
diaphragm  for  steadying  the  load,  and  this  is  followed  by  the 
tail  piece  carrying  wing  that  gives  the  proper  rotation  to  the 
projectile.  Back  of  the  wings  a  gas  check  is  placed.  This 
drops  oil  when  the  projectile  is  clear  of  the  muzzle.  The 
front  end  of  the  cartridge  is  so  thin  as  to  break  on  impact  with 
a  solid,  while  the  interior  arrangements  are  such  as  to  secure 
an  absolute  explosion  should  the  projectile  plunge  into  the 
water  oi  strike  a  glancing  blow.  The  fuse  is  so  designed  that 
its  action  is  certain  under  all  conditions  ;  it  is  absolutely  safe 
from  a  premature  explosion,  and  detonates  its  charge  upon  im- 
pact with  a  solid  target  either  point  on  or  with  a  glancing 
blow,  and  detonates  the  charge  at  the  end  of  a  given  interval 
of  time  after  entering  the  water.  The  fuse  is  12  in.  long,  3£ 
in.  in  diameter,  and  weighs  20  lbs.  To  the  end  of  it  is  attached 
a  brass  case  containing  a  priming  chaige  of  2A  lbs.  of  dry  gun 
cotton.  A  few  grains  of  fulminate  of  mercury  are  used  to  de- 
tonate the  dry  gun  cotton. 

It  may  be  well  to  remark  that  since  the  Port  Royal  tests  oi 
the  guns  on  the  Vesuvius  it  has  been  learned  that  fulminate  of 
mercury,  in  order  to  detonate  dry  gun  cotton,  must  be  pure  ; 
that  chlorate  of  potash  will  prevent  the  work  from  being 
done  :  and  as  this  impurity  existed  in  the  fuses  used  at  Port 
Royal,  the  results  were  not  what  they  would  be  were  the  cx- 


SUB-CAIJBER  PROJECTILE  WITH  AND  WITHOUT   RIDERS,  FOR 
18  INCH   PNEUMATIC   DYNAMITE  GUN. 

periments  to  lie  repealed  with  the  present  knowledge  on  the 
subject. 

The  specifications  for  these  15-in.  guns  require  Unit  they 
shall  have  a  rangeof  2.000  yds.  with  a  shell  containing  500  lbs. 
of  explosive;  3,550  yds.  with  200  lbs.  ;  4,500  yds.  with  100 
lbs.,  and  5,500  yds.  with  50  lbs.  These  different  charges  are, 
however,  not  all  put  in  loin,  shells,  but  in  shells  oi  varying 
diameters  ;  for,  by  a  system  of  riders  invented  by  Captain 
Rapieff,  an  s  in.  shell  can  be  fired  from  a  15-in.  gun.  These 
are  clearly  shown  in  our  photo-engraving.  The  binding  wire 
is  taken  off  when  the  shell  is  put  in  the  gun.  and  the  pieces 
drop  off  after  the  projectile  is  clear  of  the  muzzle,  and  when 
these  and  the  gas  check  shown  at  the  back  are  gone  the  shell  is 
clear  for  flight  and  destruction. 

The  lime  required  for  loading  and  tiling  a  500-1  b.  shell  is 
limited  by  contract  to  3  minutes,  and  in  rounds  must  be  liied 
in  In  minutes.  For  the  200-lb.  shell  the  time  is  2  minutes. 
with  10  rounds  in  27  minutes,  and  tor  Bmaller  shells  the  time 
limit  is  1  |  minutes  with  10  rounds  in  20  minutes.  The  time  of 
manoeuvring  from  extreme  depression  to  extreme  elevation,  or 
tin  reverse,  must  not  exceed  15  seconds,  and  the  time  of  com- 
plete traversing  2  minutes. 

The  guns  are  now  located  on  the  site  of  the  permanent  bat- 
tery On  ihe  shore  just  inside  Sandy  Hook.  They  have  com- 
plete command  of  the  whole  southern  approach  to  New  York 
Harbor  ;  the  range  ol  their  f  re  extending  from  beyond  the  bar, 
through  the  Gedney  Channel,  over  the  3wasb  Channel  to  a 

point  beyond  the  liomer  Shoals  beacon,  while  the  Main  Ship 
Channel  is  directly  oil'  Ihe  battery  with  the  farther  side  not 
more  than  1,500  yards  from  the  guns. 
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THE  ECONOMICAL  EFFICIENCY  OF  LOCOMO- 
TIVES AS  COMPARED  WITH  STATIONARY 
AND  MARINE  ENGINES. 


In  a  recent  paper  in  the  Revue  Oinemle  des  Cliemim  de  Fer, 
M.  Desdouits,  engineer  in  charge  of  locomotives  and  rolling 
stock  on  the  State  Railway  of  France,  enters  into  a  very  com- 
plete and  analytical  discussion  of  the  relative  economical  effi- 
ciency existing  between  locomotives  and  stationary  and  marine 
engines.  He  defines  the  coefficient  of  economy  of  any  ma- 
chine as  being  the  ratio  between  the  work  received  and  the 
output.  The  output  of  a  steam-engine  can  be  measured  by 
water  or  by  fuel.  It  is  evident,  however,  that  it  is  the  con- 
sumption of  fuel  which  ought  to  serve  as  the  final  measure- 
ment of  the  economical  work  of  a  motor  ;  but  it  is  the  con- 
sumption of  water  that  is  taken  as  a  basis  in  order  to  do  away 
with  the  influences  exerted  by  differing  types  of  boiler  con- 
struction. 

The  work  done  is  the  effective  work — that  is  to  say,  that 
which  is  transmitted  according  to  the  type  of  machine  to  the 
shaft  or  driving-axle.  It  is  this  work  which,  in  the  case  of 
locomotives,  we  have  teen  in  the  habit  of  designating  under 
the  name  of  work  at  the  tire  or  tractive  forces. 

In  default  of  the  knowledge  of  the  effective  work,  the  eco- 
nomical co»fficient  is  determined  for  marine  engines  and  for 
certain  stationary  engines  by  measuring  the  effort  exerted 
upou  the  pistons,  which  is  obtained  by  means  of  the  indica- 
tor, and  which  is  therefore  called  the  indicated  work. 

But  the  measurement  of  the  indicated  work  will  not  of  itself 
suffice  for  the  determination  of  the  coefficient  of  economy.  It 
must  be  supplemented  by  a  measurement  of  the  passive  resist- 
ance. The  values  thus  found  for  the  influence  of  passive  re- 
sistance vary  between  10  and  15  per  cent,  of  the  effective  work 
in  case  of  non-condensing  engines  ;  they  remain  as  high  as  20 
per  cent,  for  condensing  engines. 

In  a  series  of  very  careful  tests,  which  were  made  in  1882, 
M.  6.  Marie  undertook  to  determine  the  economical  efficiency 
of  an  engine  with  high  tractive  power.  The  profile  chosen 
was  a  heavy  grade.  This  circumstance  permitted  the  exact 
determination  of  the  effective  work,  by  far  the  most  important 
portion  of  which  consisted  in  overcoming  the  gravity  ;  conse- 
quently the  uncertainty  which  exists  regarding  the  value  of 
the  rolling  coefficient  in  the  total  valuation  was  reduced  to  a 
minimum.  The  results  of  these  tests  ought  to  be  considered 
as  being  very  exact.  The  consumption  of  water  was  found 
to  be  38J  lbs.  per  effective  II. P.  The  proportion  of  water 
entrained  was  valued  at  9  per  cent.  The  corresponding 
weight  of  dry  steam  was  25i  lbs.  The  report  of  the  tests  did 
not  give  the  average  point  of  introduction  of  the  steam  ;  ac- 
cording to  the  conditions  of  the  load  and  the  profile,  it  may  be 
taken  at  about  30  per  cent. 

In  the  recent  experiments  on  the  State  Railway,  the  engines 
experimented  with  were  of  the  type  known  as  the  two-axle 
coupled  locomotive.  The  principal  dimensions  and  the  con- 
struction and  operation  are  as  follows  : 

Diameter  of  driving-wheels 6'      6J£" 

"         "cylinders      1'      SX' 

Stroke  of  pistons 2'      1.6" 

Volume  swept  through  by  piston 3^  cub.  ft. 

Clearance  space  - 2        " 

Size  of  ports 9"  X  1'  3° 

Maximum  opening  of  valves. . .  )  F(u'l  opening  70  per  cent.  V 
v        „        ""="■■•,  at  25  per  cent  admission.  J< 

Outside  lap  of  valves 1.2" 

Inside      12" 

Boiler  pressure I  128  and  142  lbs. 

r  I      per  sq.  in. 

The  first  series  of  experiments  was  made  on  five  engines 
which  hauled  the  express  trains  between  Paris  and  Chartres. 
All  the  tests  were  made  on  an  express  train  between  Versailles 
and  Chartres,  a  run  of  44  miles.  The  composition  of  the  trains 
and  the  conditions  of  running  were  almost  identical. 

An  examination  of  the  results  obtained  shows  at  first  glance 
a  very  great  similarity,  one  might  almost  say  an  identity  of 
economical  results  furnished  by  engines  of  the  same  construc- 
tion working  under  the  same  conditions  of  service.  It  is 
readily  understood,  of  course,  that  engines  of  the  same  con- 
struction and  running  at  the  same  speed  with  the  same  cut-off 
ought  to  perform  the  same  amount  of  useful  work  for  a  pound 
of  steam  consumed,  at  least  when  there  was  none  among  them 
where  there  was  a  loss  of  motor  energy  such  as  results  from 
defective  throttle-valves,  valves  or  pistons,  or  from  the  devel- 
opment of  abnormal  passive  resistances,  such  as  insufficient 
lubrication,  binding  of  the  moving  parts  or  trucks,  pound- 
ing, etc. 

Just  here  we  may  cite  a  comparative  test  which  was  made 
with  two  engines  hauling  a  very  fast  train  of  light  weight. 
One  of  the  two  machines  was  left  entirely  to  the  judgment  of 
the  driver,  who  in  the  easy  parts  of  the  line  ran  with  a  very 


short  cutoff,  or  throttled  the  steam  at  the  throttle- valve.  For 
the  second  the  point  of  admission  was  determined  in  advance 
as  high  as  25  per  cent.  When  this  admission  was  found  too 
great  for  the  average  traction,  the  throttle- valve  was  gradually 
closed.  The  comparison  of  the  two  results  shows  that  the 
engine  where  the  cut-off  was  systematically  maintained  at  a 
somewhat  relatively  high  point  gave  practically  the  same  re- 
sults and  perhaps  superior  to  those  on  express  trains  with  the 
same  point  of  cut-off.  The  second  engine,  on  which  the  cut- 
off was  varied  according  to  the  profile  of  the  line,  showed  a 
considerable  loss  of  efficiency. 

The  table  accompanying  the  report  of  this  test  shows  that 
the  consumption  of  water  per  effective  H.P.  was  29  lbs.  where 
the  engineer  ran  at  discretion,  and  25.3  lbs.  whore  the  mini- 
mum point  of  cut-off  was  fixed  at  25  per  cent,  of  the  stroke.  " 
It  is  clear  that  to  proceed  in  a  really  methodical  manner, 
and  to  obtain  an  exact  comparison  between  the  efficiency  of 
locomotives  and  those  of  stationary  or  marine  engines,  the 
corresponding  efficiency  must  be  considered  with  reference 
to  a  predetermined  speed  rather  than  to  the  most  favorable 
speed.  For  stationary  and  marine  engines  which  are  called 
upon  to  work  regularly  under  conditions  of  speed  and  admis- 
sion which  are  almost  invariable,  it  can  be  admitted  that  the 
speed  determined  upon  by  the  builder  and  adopted  in  practice 
corresponds  practically  to  that  of  maximum  economy  ;  for  a 
locomotive,  en  the  other  hand,  it  is  necessary  to  determine 
from  an  average  of  special  experiments  the  speed  where  the 
amount  of  work  done  is  at  a  maximum.  We  will  not  insist 
upon  this  question,  but  will  limit  ourselves  to  recalling  that 
this  speed  generally  corresponds  to  an  admission  which  varies 
veiy  slightly  from  25  per  cent. 

In  regard  to  the  value  of  inside  lap  in  determining  the 
efficiency  of  a  locomotive,  experiments  were  made  upon  an 
engine  which  were  in  every  way  similar  to  those  which 
we  have  under  consideration,  in  which  the  inside  lap  was  re- 
duced from  .10  in.  to  .02  in.  The  results  of  the  tests  made 
showed  that  the  engine  which  had  been  thus  modified  was 
greatly  improved,  and  since  the  modification  was  made  the 
engine  has  constantly  stood  at  the  head  of  the  list  for  economi- 
cal efficiency. 

Accommodation  and  Freight  Engines. — There  is  no  real  dif- 
ference between  engines  hauling  accommodation  or  mixed 
trains  and  freight  trains,  as  far  as  the  method  of  working 
steam  is  concerned,  from  those  of  passenger  engines.  The  re- 
duction in  the  diameter  of  the  wheels  is  practically  compen- 
sated for  by  lessening  the  running  speed,  so  that  the  rapidity 
of  the  movement  of  the  piston  and  valve,  which  is  an  impor- 
tant factor  in  effective  distribution,  remains  almost  the  same. 
The  influence  of  passive  resistance  is  not  a  priori  greater,  for 
the  increase  of  its  absolute  value  corresponds  almost  exactly 
to  that  of  the  work  done  upon  the  pistons.  Finally,  it  may 
be  taken  for  granted  that  the  absolute  amount  of  work  done 
by  these  engines  is  the  same  as  in  passenger  engines. 

From  the  standpoint  of  conditions  of  service,  the  engines 
which  haul  a  freight  train  feel  the  influence  of  variations  of 
load  and  the  profile  more  than  a  passenger  engine.  It  is  com- 
pelled on  heavy  grades  to  run  with  a  long  cut-off,  but  on 
slight  down  grades  and  even  on  levels  it  only  utilizes  a  small 
amount  of  its  total  power.  We  note,  especially  at  high  speeds, 
that  running  with  a  short  cut-off  is  a  favorable  condition  for 
economical  work  ;  for  these  reasons  the  freight  engines  will 
generally  give  poorer  results  in  service  than  passenger  engines. 
Experience  shows  that  the  consumption  rarely  falls  below 
26A  lbs.  per  effective  H.P.,  and  sometimes  rises  to  as  high  as 
28.7  or  30.9  lbs.  These  figures  have  a  purely  relative  charac- 
ter ;  hence  it  does  not  seem  worth  while  to  reproduce  the  re- 
sults of  particular  experiments,  which  are  only  interesting 
when  they  approach  the  conditions  imposed  in  running. 

The  Use  of  Piston-valves. — The  use  of  piston- valves,  inde- 
pendently of  other  advantages  which  are  less  clearly  demon- 
strated, secures  a  reduction  in  passive  resistances  which 
amounts  to  5  per  cent,  of  the  total  strain.  There  is  nothing  to 
prevent  the  accomplishment,  with  this  system  of  valves,  of 
those  conditions  of  distribution  of  steam  which  are  recognized 
as  most  advantageous  in  themselves.  It  seems,  then,  that  it 
is  possible  to  show  in  an  engine  with  piston-valves  a  marked 
increase  in  absolute  economy  over  engines  with  flat  valves.  In 
point  of  fact,  however,  this  superiority  has  not  yet  been  clearly 
shown,  at  least  in  high-speed  engines.  This  is  principally 
due  to  the  fact  that,  in  the  diagrams  of  engines  with  piston- 
valves,  an  attempt  has  been  made  to  gain  the  advantage  of  the 
small  clearance  spaces,  which  results,  at  least  at  high  speeds, 
in  an  exaggeration  in  the  compression  lines.  When  these 
same  engines  run  at  an  exceptionally  low  speed,  very  favorable 
results  can  be  obtained. 

Consumption  of  Dry  Steam  per  H.P.  per  How.— In  all  the 
experiments  which  we  have  just  cited,  the  consumption  is 


402 


THE    AMERICAN    ENGINEER 


[September,  1894. 


given  in  the  gross  weight  of  water  which  passes  from  the 
boiler  to  the  cylinders,  which  consequently  includes  all  that 
water  which  was  entrained  in  a  liquid  state.  Xo  direct  ex- 
periments hare  as  yet  been  made  in  order  to  determine  the  cor- 
rect proportions  ;  all  the  tests  which  have  been  made 
in  indicating  to  us  that  it  is  very  slight,  and  probably 
differs  but  little  from  5  per  cent.— a  proportion  which  is  lower 
than  that  usually  attributed  to  either  stationary  engines  or 
marine  engines.  The  results  generally  obtained  in  the  ex- 
periments of  the  State  Railways,  and  which  are  confirmed  by 
the  old  drivers  un  the  Eastern  Railway  as  well  as  those  cf  the 
Lyons  Railway,   may  be  given  in  ;  follows  :   The 

locomotive  in  its  usual  form,  with  the  simple  valve  distribu- 
tion, can  drop  the  consumption  of  water  per  effective  H.P. 
per  hour  to  less  than  24i  lbs.  Under  average  conditions  of 
service  with  a  passenger  engine  the  consumption  ranges  from 
1  26J  lbs.  of  water,  or  from  2+j  to  254;  lbs.  of  dry  steam. 
The  consumption  is  markedly  increased  when  running  with  a 
light  load  on  a  favorable  line  in  which  an  exaggerated  amount 
of  expansion  is  used.  The  economical  results  furnished  by  a 
locomotive  are  in  their  totality  notably  superior  to  the  most 
favorable  results  which  have  been  made  either  on  stationary 
engines  or  marine  engines  provided  with  the  same  system  of 
steam  distribution.     The  reason  for  this  superiority  is  due  to  : 

1.  The  use  of  relatively  higher  steam  pressures. 

'2.  The  rotative  speed  being  great  enough  to  reduce  the  effect 
of  cooling  of  the  walls  of  the  cylinder  to  an  insignificant 
amount,  and  yet  slow  enough  so  as  to  cause  no  trouble  with 
the  conditions  imposed  by  the  flow  of  steam. 

3.  The  use  of  the  link,  which  is  not  only  a  very  convenient 
method  of  operating  the  valve,  but  at  the  same  time  it  is  an 
excellent  apparatus  for  variable  cut-off  for  all  points  of  cut-off 
above  20  or  25  per  cent. 

The  conditions  by  which  a  maximum  economy  of  consump- 
tion is  obtained  are : 

1.  A  pressure  which  stands  in  the  neighborhood  of  142  lbs. 
]>er  square  inch. 

2.  Cylinders  of  moderate  dimensions,  permitting  the  service 
running  to  be  carried  on  with  a  sufficiently  high  point  of  cut- 
off, with  30  per  cent,  as  the  minimum. 

3.  Clearance   spaces  of  suitable   magnitude,  ranging   from 

at  each  end  of  cylinder. 

•4.  A  free  exhaust  obtained  by  doing  away  with  inside  lap 
of  the  valves  or  even  by  the  adoption  of  a  certain  amount  of 

B  itive  lap. 

■  pint*.— The  application  of  the  compound  prin- 
ciple to  stationary  engines  is  almost  as  old  as  the  steam-engine 
itself. 

Neglecting  the  early  work  of  Hornblowerand  of  Watt,  we  find 
in  the  early  years  of  this  century  a  two-cylinder  engine  built 
by  Arthur  Woolf,  who  built  in  a  very  complete  way  an  engine 
snowing  the  principles  and  ad  vantages  of  the  compound  system. 

The  Woolf  system,  applied  to  orginal  steam-engines  which 
ran  slowly  but  regularly,  and  which  is  adapted  to  a  compara- 
tively low  pressure,  has  continued  throughout  the  whole  of 
this  century  to  be  received  with  marked  favor  in  certain  in- 
dustrial centers  without  having  really  supplanted  the  single 
cylinder  engine.  It  seems  to  have  shown  from  its  very  first 
application,  and  in  spite  of  the  low  boiler  pressure  used,  a 
marked  economy  of  consumption. 

While  the  single-cylinder  engine  consumed  55  to  66  lbs., 
the  consumption  of  a  Woolf  engine  would  scarcely  be  more 
than  -in  to  4->  lbs.  As  the  average  steam  pressure  raised,  and 
under  the  impulse  due  to  remodelling  of  the  marine  engine, 
the  economical  efficiency  of  the  Woolf  engine  as  it  is  more 
carefully  studied  and  regulated  has  proven  an  important  im- 
provement. 

In  some  tests  male  at  Mulhouse.  in  ISTii  and  1878!  with  these 

:nes,  the  entrained  water  being  estimated  at  5  per  cent.. 

the  steam  pressure  was  70  lbs.  per  square  inch.     Taking  the 

suits  obtained,  we  find  them  to  a .    ■    _     J2.88  lbs. 

of  dry  steam  per  H  P.  per  hour  for  two  vertical  engines,  and 

22  20  lbs.  for  one  horizontal  engine. 

In  tabulating  these  results  and  drawing  a  curve  we  recog- 
nize the  existence  of  a  minimum  of  consumption  which 
sponds  very  neatly  to  a  cut-off  of  one-twelfth  if  we  consider 
the  indicated  work,  and  one-tenth  if  «e  use  the  effective  work 
as  the  basis  of  comparison. 

-    -  Miniated  that  a  saving  of 

from  4o  to  50  per  cent,  has  been  realized  by  the  introduction 
of  the  compound  system  into  the  marine  engines.  But  this 
should  not  be  considered  as  entirely  due  to  the  application  of 
double-expansion,  for  the  increase  of  i>oilcr  pressure,  rendered 
possible  by  the  use  of  surface  condensers,  is  a  fact  which 
ought  of  itself  and  outside  of  any  special  system  of  distribu- 
tion effect  an  important  improvement  in  efficiency.  At  the 
same  time  important  improvements  have  been  made  in  the 


mechanical  arrangements  of  the  apparatus  :  reduction  of  the 
volumes  of  the  cylinders,  better  protection  against  cooling, 
the  more  general  use  of  the  direct  system  of  connection  and 
steeple  construction,  the  increase  in  the  number  of  revolutions 
per  minute  and  the  almost  universal  adoption  of  the  link  - 
cut-off  apparatus.  All  these  modifications,  which  we  may  ob- 
serve in  passing  have  brought  the  marine  engine  to  a  point 
of  close  similarity  to  the  locomotive,  had  their  part  in  increas- 
ing the  coefficient  of  efficiency.  In  reality,  the  economical  re- 
sults of  to-day  have  only  been  obtained  step  by  step,  and  not 
by  the  adoption  of  the  compound  system  in  itself. 

Tests  were  made  on  the  following  vessels  :  D  ~,000 

indicated  H.P..  the  group  of  three  Woolf  engines  ;  Cignle, 
compound  two-cylinder  engines,  steeple  ;  Voltigeur,  three- 
cylinder  compound,  horizontal  ;  Myt/t>>,  three-cylinder  com- 
pound, steeple,  in  which  it  was  estimated  that  the  entrained 
water  amounted  to  5  per  cent,  of  the  total  consumption.  On 
the  Duqu(*n(  the  average  consumption  of  dry  saturated  steam 
J  ).6  lbs.  of  dry  saturated  steam  per  H.P.  per  hour  ;  on 
the  OigaU  it  was  18.46  lbs.;  on  the  Voltigeur,  18.89  lbs.,  and 
on  the  Mytho.  19.04  lbs. 

If  we  consider  the  whole  of  the  results  furnished  by  these 
tests,  we  can  say  that  the  simple  compound  marine  engine, 
working  at  a  favorable  point  of  cut-off  and  expansion,  which 
is  from  four  to  10  times  the  volume  of  steam  admitted,  will 
give  a  consumption  of  about  18.8  lbs.  of  dry  steam  per  indi- 
cated H.P.  The  whole  weight  of  feed-water  will  be  19.8  lbs. 
per  effective  II. P.,  but  there  is  evidently  no  data  in  existence 
for  calculating  this  last  element  to  a  certainty.  If  we  accept 
the  passive  resistance  at  10  per  cent,  the  smallest  proportion 
which  has  been  given  in  the  experiments  in  stationary  engines, 
we  obtain  20.9  lbs.  of  dry  steam,  or  22  lbs.  of  water  per  effec- 
tive H.P.,  which  seems  to  have  been  considered  as  a  mini- 
mum. 

The  experiments  given  by  Mr.  Widmann  permit  us  to  de- 
termine in  an  approximate  manner  the  net  influence  of  the  cut- 
off on  the  coefficient  of  economy.  If  we  represent  the  whole  of 
the  results  graphically  by  taking,  for  example,  the  actual 
fraction  of  admission,  including  the  clearance  space  of  the 
smaller  cylinders  for  the  abscissa  and  consumption  for  the 
ordinates,  the  grouping  of  the  points  obtained  denotes  the 
presence  of  a  minimum  of  consumption  at  about  IS  per  cent 
admission.  It  may  be  further  stated  that  the  coefficient  of 
consumption  varies  slightly  when  the  actual  admission  point 
1  per  cent.,  or  lowers  to  10  per  cent.;  likewise 
in  a  Woolf  stationary  engine  there  exists  a  somewhat  extended 
region  of  good  efficiency. 

Locomotitet. — The  economical  results  obtained  in  the  trans- 
formation of  marine  engines  ought  to  attract  the  attention  of 
railway  engineers.  The  adoption  of  the  compound  system 
having  had  as  its  essential  object  from  the  very  start  the  re- 
duction of  consumption  of  fuel,  most  of  the  companies  which 
have  made  the  test  have  devoted  themselves  to  showing  by 
comparative  figures  the  importance  of  the  results  obtained. 
Unfortunately  this  comparison  is  not  based  on  a  great  number 
of  cases,  but  upon  data  that  has  been  somewhat  imperfectly 
compiled.  Most  frequently  new  engines  have  been  compared 
with  other  engines  already  in  service  which  might  differ  from 
the  type  submitted  to  the  test,  not  only  in  the  system  of  steam 
distribution  employed,  but  in  power,  steam  pressure  and  gen- 
eral condition  of  repair.  In  all  cases  the  results  thus  obtained 
are  simply  comparative,  and  cannot  effect  figures  which  ex- 
press in  any  absolute  manner  the  economical  value  of  the  type 
of  engine  under  consideration.  The  only  method  which  would 
permit  an  absolute  certainty  to  be  obtained  is  one  which  con- 
sists in  showing,  as  we  have  already  said,  the  results  furnished 
by  each  type  of  engine  on  a  common  standard  that  has  been 
rigorously  defined,  and  which  is  nothing  less  than  the  effec- 
tive work  obtained  therefrom.  The  first  application  of  this 
method  was  made  on  the  Southwestern  Railway  of  Russia. 

ESxperimenti  on  the  Southwestern   I:       -  ■      —The 

first  series  of  tests  were  carried  on  in  the  laboratory  where  the 
locomotives  were  arranged  so  as  to  act  ;is  stationary  engines. 
The  comparison  of  two  engines  was  made  ;  one  a  compound, 
the  other  a  simple,  exactly  alike  in  other  respects.  The  con- 
sumption of  the  compound  engine  was  found  to  average  about 
26  4  lbs.  of  water  per  indicated  H.P.,  while  the  ordinary  en- 
gine consumed  from  2*.  6  to  30.8  lbs.  The  consumption  of 
both  was  high.  This  high  consumption  should  be  attributed 
to  the  fact  that  the  two  machines  worked  under  very  different 
conditions  from  that  in  actual  service,  which  were  clearly  un- 
favorable from  the  standpoint  of  efficiency,  as  they  involved 
re,  slow  turning  and  high  expansion. 

The  second  series  of  tests,  intended  to  embody  the  same 
conditions  as  in  actual  work,  was  marie  in  1883  by  Mr.  Loewry 
on  trains  in  service.  The  comparison  was  again  made  with 
an  engine  of  the  ordinary  type  and  a  Mallet  machine,  the  first 
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having  a  steam  pressure  of  142  lbs.  per  square  iuch,  and  the 
second  160  lbs.  The  cylinders  of  the  latter  had  a  diameter  of 
164  in.,  and  the  other,  23.6  in.  The  consumption  of  water  by 
the  compound  engine  averaged  22.88  lbs.  per  indicated  H.P. 
per  hour  ;  the  simple  engine  consumed  about  26.4  lbs.  The 
82.88  lbs.  per  indicated  H.P.  corresponded  to  25.3  lbs.  per 
effective  H.P. 

Still  later  the  Southwestern  Railway  of  Russia  has  made 
public  the  results  obtained  with  four-cylinder  passenger  en- 
gines working  under  a  pressure  of  200  lbs.  per  square  inch. 
The  tests  showed  a  consumption  of  19.8  lbs.  per  indicated 
II. P.,  a  figure  which  we  can  consider  to  be  equal  to  22  lbs. 
per  effective  H.P.  It  is  an  extremely  favorable  result,  and 
one  which  if  confirmed  should  cause  this  engine  to  be  consid- 
ered as  having  attained  a  degree  of  economical  working 
which  is  very  remarkable. 

Experiments  with  a  Compound  Engine  on  the  Northern  Rail- 
way of  France. — The  Northern  Railway  of  France  has  recently 
put  into  its  express  service  a  class  of  compound  engines  with 
four  cylinders*  working  under  a  pressure  of  200  lbs.  per 
square  inch.  They  are  of  great  power,  and  the  evenness  of 
their  running  and  the  low  consumption  of  water  has  been 
particularly  remarkable.  Great  pains  have  been  taken  to 
establish  by  actual  measurement  the  coefficient  of  economy  of 
these  engii  es,  which  seem  to  embody  the  most  perfect  type 
of  compound  locomotive  that  has  yet  been  put  into  service. 

Tests  were  made  of  these  engines  by  the  chronometer  method 
and  by  the  simultaneous  use  of  the  chronometer  and  dyna- 
mometer. They  agreed  in  giving  22  lbs.  in  round  numbers  as 
the  consumption  of  feed-water  per  II. P.  per  hour.  The 
amount  of  water  entrained  was  not  measured,  but  it  was  esti- 
mated at  5  per  cent.  If  this  were  the  case,  the  consumption 
of  dry  steam  amounted  to  about  20.9  lbs. 

We  had  already  found  in  the  Woolf  stationary  engines  that 
they  consumed  22J  lbs.  of  dry  steam,  or  23.8  lbs.  of  water,  and 
the  simple  compound  marine  engines  (the  passive  resistance 
having  been  estimated  at  a  minimum  of  10  per  cent.),  20  9  lbs. 
of  dry  steam,  or  22  lbs.  of  water. 

We  see  that  the  Northern  type  of  compound  locomotive 
showed  results  at  least  as  economical  as  those  given  by  the 
stationary  Woolf  engines  or  the  compound  marine  engines 
working  condensing. 

The  absence  of  the  condenser  was  compensated  for  by  the 
use  of  a  higher  pressure,  a  greater  rotative  speed  and  probably 
lower  passive  resistances.  The  figures  of  the  Northern  engine, 
compared  with  the  results  obtained  from  the  ordinary  loco- 
motives, are  more  remarkable  in  that  the  experiments  were 
made  at  high  speed,  ranging  from  46.6  to  51.5  miles  per  hour, 
where  it  was  possible  the  point  of  maximum  efficiency  was 
passed. 

It  should  be  understood  that  the  economical  results  given 
by  these  tests  should  be  attributed  to  the  particular  type  of 
engine  experimented  with,  and  not  in  any  way  to  the  general 
type  of  compound  locomotives.  The  compound  arrangement 
is  capable  of  introducing  a  great  variety  of  variables  that  may 
have  a  greater  influence  on  its  economy  than  those  existing  in 
ordinary  engines.  If  in  the  case  before  us  they  have  by  care- 
ful study  succeeded  in  regulating  these  different  elements  in 
the  best  possible  manner — that  is,  the  pressure,  the  area  of 
steam  passages,  clearance  space  and  intermediate  receiver,  point 
of  cut-off:  in  the  two  cylinders,  etc.— it  is  clear  that  these  same 
elements  could  be  combined  in  another  engine  so  that  they 
would  show  less  favorable  results  ;  the  benefit  of  the  compound 
arrangement  would  then  be  lessened,  and  might  perhaps  en- 
tirely disappear. 

It  has  been  impossible  to  investigate  the  variations  to  which 
the  efficiency  would  be  subjected  at  different  points  of  cut-off 
and  at  different  speeds.  The  test,  however,  seemed  to  have 
established  the  fact  that  for  moderate  speeds  of  from  45  to  50 
miles  per  hour  the  efficiency  does  not  vary  very  much  from 
its  maximum  when  the  effective  expansion  varies  from  4  to  10. 

Corliss  Engines. — Numerous  reports  of  experiments  concern- 
ing the  efficiency  of  the  Corliss  engines  have  been  published, 
most  of  them  emanating  from  their  builders.  The  figures  are 
necessarily  somewhat  confusing,  and  some  claim  a  degree  of 
economy  that  it  would  be  difficult  to  accept  without  further 
investigation.  Wc  will  limit  ourselves  to  the  reproduction  of 
the  experiments  made  at  Creusot  in  1883,  a  resume  of  which 
was  published  by  Mr.  Pelafond.  These  tests,  by  reason  of 
the  extreme  care  which  was  taken  in  all  of  the  measurements, 
and  the  number  and  variety  of  the  tests,  can  be  considered  as 
fixing  under  the  seal  of  the  best  possible  authority  the  practi- 
cal coefficient  of  economy  of  the  Corliss  engine. 

The  engine  tested  was  rated  at  about  200  II. P.  ;  the  work 
was  measured  in  effective  and  indicated   II. P.     The  ratio  of 


the  two  kinds  of  measurements  gave  the  value  of  the  passive 
resistances.  Furthermore,  and  this  is  of  special  interest  from 
a  standpoint  of  comparison  of  marine  engines  and  locomotives, 
they  worked  successively  with  and  without  the  condenser. 

Test  with  the  Condenser. — The  results  obtained  while  running 
with  the  condenser  permit  the  Corliss  engine  to  be  compared 
with  compound  marine  engines  or  with  Woolf  stationary  en- 
gines. The  tests  were  made  with  pressures  ranging  from 
55  lbs.  to  about  115  lbs.  per  square  inch.  They  show  that  the 
highest  pressure  gave  the  most  favorable  results.  With  the 
boiler  pressure  of  110  lbs.  per  square  inch  the  following  re- 
sults were  obtained  for  water  consumption  at  different  points 
of  cut  off  : 


Cut-Off. 

Indicated  H.P. 

Effective  H.  P. 

.055 
.067 
.125 

16.81  lbs. 
16.47  " 
17.37  " 

Jl  43  lbs. 
20.65  " 
21.01  " 

The  uniform  speed  was  60  revolutions  per  minute.  The 
cylinder  had  a  steam  jacket.  The  results  of  these  tests  show 
that  a  very  short  cut-off  (from  6  to  7  per  cent.)  has  a  favorable 
influence  on  the  efficiency,  but  it  is  necessary  to  note  that 
where  the  distribution  is  made  by  means  of  a  catch  the  actual 
point  of  cut-off  is  always  a  little  later  than  the  apparent. 

Tests  without  the  Condenser.— Tests  without  the  condenser 
can  be  made  with  and  without  the  steam  jacket.  The  use  of 
the  steam  jacket  was  shown  to  have  an  advantage  at  least  in 
case  of  moderately  high  speeds.  The  steam  pressure  was 
varied  between  wide  limits  even  when  running  with  the  con- 
denser, and  the  most  favorable  results  were  attained  with  the 
highest  pressure.  Under  these  conditions  the  following  fig- 
ures for  water  consumption  have  been  obtained  for  different 
points  of  admission  : 


Cut-Off  in  Per  Cent,  of 
Stroke. 

Indicated  H.P. 

Effective  H.I'. 

11 
13 

16 
20 

22  49  lbs. 

21.82  " 
22.05  " 
21.20  " 

26.61  lbs. 
25.35  " 
25.04  " 
23.68  " 

*  See  American  Engineer,  page  114,  March,  : 


The  speed  was  60  turns  per  minute. 

We  may  state  here  that,  contrary  to  the  observations  made 
when  running  with  a  condenser,  short  points  of  cut-off 
are  unfavorable,  and  the  efficiency  increases  when  the  point 
of  admissiou  rises  to  20  per  cent.  The  most  favorable  point 
of  cut-off  in  all  these  series  of  tests  was  obtained  at  20  per 
cent.— 23.68  lbs.  of  water  per  effective  H.P.  per  hour,  or  22A 
lbs.  of  dry  steam.  The  diminution  in  efficiency  due  to  the  re- 
moval of  the  condenser  caused  a  drop  of  about  15  per  cent. 

Locomotives.—  The  application  of  the  Corliss  release  has  been 
recently  attempted  on  locomotives.  It  does  not,  however, 
seem  well  adapted  to  the  wide  range  through  which  locomo- 
tives are  called  upon  to  work  with  their  quick  variations,  to- 
gether with  the  necessity  of  running  in  opposite  directions. 

The  State  Railway  put  a  number  of  high-speed  engines  at 
work  in  1889.  They  were  designed  by  M.  Bonnefond,  who 
by  arrangement  of  simple  mechanical  appliances  seemed  to 
have  surmounted  the  many  difficulties  which  beset  this  prob- 
lem. . 

These  engines  were  tested  on  the  run  from  Chateau-du-Loir 
to  Courtalain,  on  a  section  where  there  was  a  steep  grade  of 
1  per  cent,  for  more  than  6  miles.  In  order  to  determine  the 
influence  of  speed  on  one  of  the  trials,  the  whole  run  was 
divided  into  two  parts— the  first  being  almost  perfectly  level, 
the  second  being  entirely  on  this  grade.  The  average  results 
were  almost  exactly  22  lbs.  of  water  per  II. P.  per  hour,  the 
figures  agreeing  with  those  obtained  by  the  Northern  compound 
engines. 

On  the  other  hand,  the  efficiency  rose  with  the  speed,  a  re- 
sult which  ought  not  to  surprise  us  ;  the  excess  of  compres- 
sion which,  in  single-valve  engines,  manifests  itself  at  high 
speeds,  being  avoided,  thanks  to  the  independence  of  the  ex- 
haust, so  that  a  benefit  was  derived  from  the  thermic  advan- 
tages inherent  in  high  velocities. 

Resume  and  Conclusions.— The  observations  made  and  ana- 
lyzed in  this  paper  lead  us  to  a  number  of  conclusions  which 
can  be  given  in  a  few  words  : 

First,  the  locomotive  engine,  considered  either  under  its 
usual  form  with  a  Bingle  valve,  or  under  the  improved  form, 
resulting  from  the  application  of  the  compound  system,  or 
with  a  Corliss  valve,  is  susceptible  of  an  economic  efflcienej 
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lie  as  the  best  stationary  or  marine  engines  baring 
.  distribution,  in  spite  of  the  advan- 

-  which  these  hitter  derive  from  the  use  of  the  condenser. 

When  making  a  comparison  with  these  same  engines  working 
with  user,  the  locomotive  has  a  marked  advantage. 

S      md,  the  consumption  of  water  in  a  locomotive  with  sin- 
gle valve  under   favorable   conditions  as  to  the  cutoff  and 
sure  can  be  lowered  to  less  than  34.25  lbs.,  including  en- 
training, or  to  33.15  lbs.  of  dry  steam  per  effective  H.P.  per 
hour. 

The  consumption  of  33.15  lbs.  of  water  or  22  lbs.  of  dry 
.  can  be  cousideied   as  the  limit  corresponding  to  the 
act  condition  of  regulation.     The  use  of  the  coin- 
poui.  .  four-cylinder  type  of  the  North  of  France)  ]>er- 

Ihe  consumption  of  water  to  be  lowered  to  32  lbs.  or  to 
lbs.  of  dry  steam  per  effective  H.P.  per  hour.     The  use  of 
the  Corliss  type  of  steam  distribution,  such  as  the  Bonnefoud 
Railway  of  France,  has  given  exactly  equiva- 
lent results— 23  lbs.  of  water,  or  20.9  lbs.  of  dry  steam  per 
effective  H.P. 

Third,  in  the  case  of  a  locomotive  with  the  ordinary  valve 
the  most  favorable  conditions  of  economical  consumption  are 
as  follows  :  A  pressure  of  about  145  lbs.  per  square  inch  ; 
model  permitting  a  cut-off  at  30  per  cent, 

of  the  stroke  to  be  regularly  used  :  steam  passages  opening 
freely  into  the  admission  ports,  and  especially  into  the  ex- 
haust :  an  ample  clearance  space  of  from  6  to  ^  per  cent,  at 
each  end  of  the  stroke  :  a  moderately  high  speed  of  rotation 
without  being  excess  ring  from  150  to  300  turns  per 

minute. 

Under  the  usual  conditions  of  construction  and  regulations 
of  our  loconio;:  nsumption  varies  from  24.25  to  26.5 

lbs.  when  the  running  conditions  require  a  somewhat  high 
power  to  be  developed  at  a  moderate  speed.  The  consump- 
tion rises  •  88.7a  ad  under  exceptional  conditions  to  a 
still  higher  figure,  in  consequence  of  special  conditions  of  run- 
ning and  profile,  so  that  it  may  l>ecome  necessary  to  use  a  cut- 
off that  is  too  long  or  one  that  is  too  short,  or  even  wire-draw 
the  steam  at  the  throttle-valve.  The  use  of  a  cut-off  that  is 
too  short,  or  at.  .  nn  of  the  wire-drawing  of  the  steam, 
can  always  be  avoided  by  intermittently  opening  and  cl 
the  throttle  valve.  Under  these  conditions  the  consumption 
of  an  engine  in  good  condition  will  always  be  maintained  at 
less  than  26.5  lbs.,  except  in  rare  c  .-  ry  heavy  grades 
or  high  speed. 

Fourth,  the  application  of  the  compound  system  seems  to 
require,  as  a  condition  of  really  advantageous  employment,  a 
higher  pressure  of  steam  ranging  from  1"  300  lbs.  per 

square  inch  :  it  requires  that  the  steam  passages  should  be 
large  and  that  the  clearance  spaces  should  have  a  high  capac- 
ity. Under  these  conditions  it  is  possible  to  carry  the  ratio  of 
expansion  higher  than  with  the  ordinary  engine.  The  use  of 
very  .    _  nut  g        increase  of  economy,  but 

involves  a  loss  of  efficiency  less  than  in  the  case  of  single- 
cylinder  engines. 

In  :hen,  it  may  be  said  that  the  compound  engine 

-  the  locomDlive  a  greater  suppleness  for  adapting  itseff  to 
..ions  of  load  and  profile.     Too  high  a  speed  causes  a  loss 

of  efficiency  to  appear  through  the  increase  of  compressijn,  just 
does  in  the  case  of  the  ordinary  engine. 
Fifth,  steam  distribution  with  multiple  valves  permit  the 
of  from  170  lbs.  to  2  -  square  inch  to  be  ad- 

vantageously used,  hut  without  the  use  of  a  very  high  : 
ure  being  essential  to  their  action.     Just  as  in  the  compound 
rmit  a  marked  increase  in  the  ratio  of  expansion 
to  be  used  without  resulting  in  any  sensible  loss  of  efficiency. 
ng  to  the  independence  of  the  exhaust  they  are  not  sub- 
lines with  the  ordinary  methods  of  distribution, 
to  ex      -  mpression  at  hi,  m  destined 

to  effect  a  maximum  of  economy  in  water  consumption  on 
high-speed  trains. 


SOME  SPECIAL   APPLIANCES  IN   USE   ON  THE 
FLINT  &  PERE  MARQUETTE  RAILROAD. 


TORPEDO 

When  the  equipment  of  the  rear  brakeman  consisted  of  two 
lanterns  and  a  flag,  thi  1  1    no  difficulty  in  his 

handling  them  without  hinder  Q   free  motions;  but 

since  the  fusee  and  the  t   1  n  added  to  his  outfit, 

his  I  j  full  for  quick  and  convenient  work  in  chang- 

ing trains  and  in  properly  protecting  the  rear  end  of  his  train. 
It  has.  therefore,  become  necessary  that  some  sort  of  case 


should  be  devised  in  order  that  as  many  of  these  pieces  shall 
lie  contained  in  one  bundle  as  possible. 

We  illustrate  herewith  a  verv  convenient  form  of  case  de- 
vised by  Mr.  T.  J.  Hatswell,  Master  Mechanic  of  the  Flint  & 
Pere  Marquette  Railroad.  The-  dimensions  of  the  case  are  all 
.  on  the  drawings,  the  external  diameter  being  0}  in.,  with 
.  .  in.  At  one  side  there  is  a  partition  for 
a  tlag.  the  larger  portion  of  the  space  being  occupied  by  a 
chamber  to  hold  the  fusees.  At  the  other  end  there  is  a  tor- 
pedo-case whose  cap  is  held  in  position  by  a  bayonet  motion  ; 
a  hook  on  the  handle  provides  for  a  lantern  attachment  - 
that  if  the  man  has  his  lantern  and  his  case,  everything  can  lie 
carried  in  one  hand.  This,  of  course,  does  not  include  extra 
lanterns  or  signal  lights,  but  they  can  be  bunched  and  gath- 
ered in  one  baud  ;  while  on  going  back,  the  man  simply  is  to 
pick  up  one  thing  and  he  is  thoroughly  equipped  with  fusees, 
tlair  and  lantern. 


METALLIC   PACKING.   FLINT    A    PERE  MARQUETTE  RAILROAD 
METALLIC    PACKING. 

The  metallic  packing  illustrated  herewith  is  very  simple  in 
construction  and  efficient  in  service.  The  single  cross-hatched 
lines  denot  n,  the  dotted  hatching  is  brass  and  the 

double  hatching  is  soft  metal.  It  will  be  seen  that  the  ring- 
ire  beveled.  Tin;  backing  of  the  soft  metal  rings  which 
comes  down  against  the  rod  is  vertical  to  the  center  line  of 
the  latter,  while  the  brass  rings  are  beveled,  but  are  not  in 
two  piecv-.  The  action  is  exceedingly  simple,  as  a  gland 
ved  in  the  beveled  face  of  the  brass  forces  Ihe  soft  metal 
down  against  the  rod,  while  it  in  turn  is  sprung  out  against 
the  larger  diameter  of  the  stuffing-box.  A  piece  of  rubber 
-  to  cushion  the  pressure  exerted  by  the  gland  against 
the  brass,  and  to  avoid  the  danger  of  metal  to  metal  contact 
causing  a  rigid  cramping  of  the  rings.  The  rin^r-  are  split  in 
order  to  allow  for  radial  expansion  and  contraction,  and  the 
cast-iron  gland  is  bushed,  as  it  may  be  seen,  with  brass. 

cnroBB  TRAP. 
Mr.  Halswell  has  in  use  an  exceedingly  simple  cinder  trap 
for  the  front  end  of  his  locomotives.     There  are  no  slides,  no 
weari  ind  nothing  to  get  out  of  order  or  to  leak  ;  the 

iplc  that  comment  or  description  is  almost 
unnecessary.  The  bottom  of  the  drop  is  pivoted  al  the  point 
sb  iwn  just  above  the  lower  end  of  the  shutc,  and  consists  of 
I  itly  cmvex  plate  fitting  into  the  bottom  of  the  shutc  and 
hel  1  there  by  the  counterweight  extending  out  at  the  left  of 
the  pivot.  The  dimension  of  the  drop  is  given  on  the  engrav- 
ing so  clearly  that  any  mechanic  can  reproduce  it. 
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MR.  MAXIMS  FLYING  MACHINE. 


The  London  Times  of  August  3  contained  the  following  ac- 
count of  the  recent  trial  of  Mr.  Maxim's  Hying  machine  : 

"  For  some  years  past  .Mr.  Maxim,  as  is  well  known  to  our 
readers,  has  been  carrying  out  experiments  with  a  view  to  con- 
structing a  machine  able  to  propel  itself  through  the  air.  His 
efforts  have  now  heen  crowned  with  success.  On  Tuesday 
last,  he,  together  with  two  of  his  men,  traveled  through  the 
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CINDER  TRAP,   FLINT   &   PKRE   MARQUETTE   RAILROAD. 

air  on  his  flying  machine  for  a  distance  of  some  500  ft.  This, 
of  course,  does  not  mean  that  the  problem  of  aerial  locomotion 
has  been  completely  solved  ;  on  the  contrary,  very  much  has 
to  be  done  before  flying  will  be  practicable  for  the  human  race. 
What  Mr.  Maxim  has  done  is  to  show  that  it  is  possible  to 
make  a  machine  combining  so  much  power  with  extreme  light- 
ness of  construction  as  to  be  able  to  travel  through  the  air,  car- 
rying its  water,  its  fuel  and  its  engineers  with  it. 

For  his  experiments,  which  have  been  conducted  near  Bex- 


It  would  doubtless  have  gone  the  whole  length  of  the  railway 
but  for  an  unfortunate  accident.  Mr.  Maxim,  calculating  that 
the  main  stress  woidd  fall  on  the  forward  pair  of  projecting 
arms,  had  made  the  pair  behind  somewhat  too  weak,  so  thai 
they  bent  under  the  strain  they  had  to  bear.  In  this  way  the 
back  part  of  the  machine  was  liberated  from  the  control  of  the 
check-rail,  and  naturally  began  to  sway  violently.  The  front 
wheel  on  the  left  hand  side  in  consequence  jumped  the  rail, 
and  the  only  remaining  guide  wheel  plowed  into  the  timber, 
broke  off  one  of  the  posts,  smashed  its  flange,  twisted  its  axle 
and  liberated  the  machine  from  the  track  altogether.  It  was 
then  soaring  at  a  considerable  angle  when  it  was  brought  to  a 
standstill,  considerably  damaged,  on  the  turf  by  Mr.  Maxim's 
shutting  off  steam.  Here,  then,  is  certain  evidence  that  it  had 
really  flown  and  had  not  merely  run  along  the  rails.  The  turf 
is  not  at  all  plowed  up,  as  it  would  inevitably  have  heen  had 
the  machine  slipped  off  the  rails  and  run  along  the  ground. 
On  the  contrary,  the  wheels  have  sunk  cleanly  into  the  earth, 
just  as  they  would  have  done  had  the  machine  heen  dropped 
down  perpendicularly,  as  in  fact  it  was.  These  and  several 
other  facts  are  amply  sufficient  to  prove  that  it  really  did  rise 
from  the  rails,  even  without  the  testimony  of  the  witnesses  who 
were  specially  placed  to  observe  what  occurred. 

"  The  machine  from  which  this  striking  result  has  heen  ob- 
tained is  a  marvel  of  engineering  ingenuity.  With  its  four 
side  sails  and  '  aeroplanes  '  set,  it  is  over  100  ft.  wide,  and  is 
described  as  looking  like  a  huge  white  bird  with  four  wings 
instead  of  two.  It  is  propelled  by  two  large  two-bladed  screws, 
resembling  the  screw  propellers  of  a  ship,  driven  by  two  com- 
pound engines,  which  are,  in  proportion  to  their  weight,  the 
most  powerful  that  have  ever  been  made.  They  can  develop 
1  II. P.  for  every  2  lbs.  of  their  weight.  The  boiler  is  of  novel 
design,  and  consists  of  very  many  tiny  tubes,  through  which 
there  is  a  forced  circulation  of  water.  It  is  so  efficient  that  the 
pressure  can  he  raised  from  200  lbs.  per  square  inch  to  300  lbs. 
in  about  a  minute,  and  is  more  than  capable  of  supplying 
steam  to  the  engines  even  when  they  are  making  500  revolu- 
tions a  minute.  In  Tuesday's  successful  trial  Mr.  Maxim  start- 
ed with  a  pressure  of  310  lbs.,  which  had  risen  to  320  lbs.  when 
he  had  traversed  some  500  yds.  To  realize  the  full  meaning 
of  this  result,  it  must  be  remembered  that  these  500  yds.  were 
run  at  the  rate  of  45  miles  an  hour,  the  propellers  making  some 
500  revolutions  per  minute.  The  fuel  used  was  gasoline.  The 
total  weight  of  the  machine  on  Tuesday  was  about  8,000  lbs., 
while  the  engines  were  given  a  lifting  power  of  about  10,000 
lbs.  There  was  thus  a  surplus  flotatory  power  of  some 
2,000  lbs.,  or,  in  other  words,  the  machine  could  have  flown 
with  something  near  that  amount  of  extra  weight  above  what, 
it  actually  carried.  It  was,  of  course,  this  2,000  lbs.  of  sur- 
plus lifting  power  that  did  all  the  mischief,  by  throwing  on  the 
controlling  axles  a  strain  they  had  not  been  designed  to  bear. 
After  such  an  experiment  few  engineers  will  in  future  be  found 
willing  to  deny,  as  some  have  in  the  past,  the  possibility  of 
constructing  an  aerial  vessel  so  powerful  and  yet  so  light  as  to 
be  able  to  propel  itself  and  its  crew  through  the  air,  together 
with  water  and  fuel  sufficient  for  a  voyage. 
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ley,  in  Kent,  Mr.  Maxim  has  laid  down  a  track  of  light  railway 
some  1,000  ft.  long,  on  which  the  machine  runs.  On  each  side 
of  this  railway,  anil  standing  about  2  ft.  above  it,  is  an  invert- 
ed track  of  strong  timber.  From  each  side  of  the  machine 
there  project  two  arms  carrying  flanged  wheels,  which  press 
against  the  lower  side  of  the  timber  track  whenever  the  ma- 
chine rises  more  than  an  inch  or  two  from  the  rails,  and  so 
prevent,  it  from  soaring  into  the  air.  On  Tuesday,  as  is  plainly 
shown  by  the  marks  on  the  timber,  the  machine,  almost,  direct- 
ly after  starting,  rose  from  the  metal  rails  and  sailed  along  for 
some  hundreds  of  feet,  held  down  by  the  outside  check-rail. 


STANDARD  LOCOMOTIVES  ON  THE  MANCHLS 
TER,  SHEFFIELD  &  LINCOLNSHIRE  RAIL- 
WAY. 


We  republish  herewith  from  ISngineering  a  set  of  engravings 
showing  the  types  of  standard  locomotives  in  us,,  on  the  Man- 
chester, Sheffield  &  Lincolnshire  Railway,  in  England.  They 
were  designed  by  Mr.  Harry  Pollitt,  the  locomotive  superin- 
tendent, for  the  'line.  The  'main  particulars  regarding  these 
locomotives  will  be  found  in  the  following  list  of  dimensions  : 


406 


THE    AMERICAN    ENGINEER 


[September,  1894- 


• 


Express  Locomotive. 
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Locomotive,  for  LdcAL  Traffic. 


Goods  Tank  Locomotive. 
TYPES  OF  STANDARD  LOCOMOTIVES.    MANCHESTER,   SHEFFIELD  &   LINCOLNSHIRE  RAILWAY.- 
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■      I 


Ft. 


In. 


Diameter  of  cylinders 1  C 

Stroke       "       •'         :>  ft 

Diameter  of  bogie  wheels 3  6 

11  coupled  wheels  - t>  9 

Distance  between  centers  of  bogie  wheels 5  9 

"       from  center  of  bogie  trailing  wheels  to  center  of  driv- 
ing wheels 7  5 

Distance  between  renters  of  coupled  wheels  8  7 

Total  wheel  base , 21  9 

Boiler  pressure }  ™ ^  Per 

Tons.  Cut. 

Weight  loaded  :  On  bogie  13  19 

"  driving  wheels 16  10 

"trailing       "     15  11 

Total  46  0 


Tender: 


Ft. 


In. 


Diameter  of  wheels 3       9 

Wheel  base 13        0 

Capacity  of  tank  3,000  galls.  | 

Total  weight  loaded  35  tons. 


Goodt'  Locomotive: 


Ft. 


In. 


Diameter  of  cylinders  1       6 

Stroke  2       2 

Diameter  of  coupled  wh'-el- 5       1 

Distance  between  centers  of  leading  and  driving-wheels 7      11 

"  driving  and  trailing-wheels 8       7 

Total  wheel  base 16       6 

j  160  lbs.  per 
I     sq.  in. 

Tons.    Cwt. 

Weight  loaded  :  On  leading  wheels 14       14 

"         "  "driving        "      15         8 

"trailing       "     13         8 


Boiler  pressure 


Total 


Same  as  for  express  engine. 


Tmder  : 


Locomotive  for  Local  T> 


43        10 


Ft.        In. 


Diameter  of  cylinders.  .   1  6 

Stroke  2  0 

Diameter  of  radial  wheels 3  6 

"  "  coupled  wheels  5  7 

Distance  between  centers  of  front  radial  wheels  and  driving 

wheels 7  10^ 

Distance  between  centers  of  coupled  wheels. ...    8  7 

"            "              "        "  hind  coupled  wheels  and  hind  ra- 
dial wheels 7  0 

Total  wheel  base 28  5^ 

„  ..  I  160  lbs.  per 

Boiler  pressure  -J     sq  ju  K 

Capacity  of  tanks 1,400  galls. 

Tons.    Cwt. 

Weight  loaded :  On  leading  wheels 12  6 

"  driving       "         17  18 

"        "            "  hind  coupled  wheels 16  8 

"         "             "     "    radial  wheels 12  8 


Total 59 


!  /       ... 


Ft. 


0 


In. 


Diameter  of  cylinders 1       6 

Stroke  2       2 

Diameter  ot  coupled  wheels         5        1 

trailing  iradial  i  wheel-  3        6 

Di-tynce  between  centers  ol  lending  and  driving  wheels 7  11 

'-  driving  and  hind  coupled  wheels...     8        7 
14  "        "  hind  coupled  wheels  and  trailing 

wheels 6       0 

Total  wheel  base  22       6 

Boiler  pressure ]  ^^i?" 

Capacity  of  tanks l,40ogalls. 

Tons.  Cwt. 

Weight  loaded:  On  leading  wheels 15       4 

driving  wheels  16       iyt 

"         "  '*  hind  coupled  wheels 11      is 

"  "  "  trailing  wheels  13      13 

Total  511  185S4 


A  SUCCESSFUL  ARBITRATION. 


Tin.  only  case  in  three  years  where  an  umpire's  services  had 
to  be  called  in  to  settle  a  disputed  question  of  wages  under  the 
form  of  arbitration  adopted  by  the  National  Association  of 
Builders,  is  that  the  report  on  which  will  be  found  below,  and 
of  special  interest  in  view  of  the  present  condition  of  the  labor 
question  : 


DECISION  OF    OMFIBE  OF   JOIST    COMMITTEE,  MASON  IUIIDEKS 
ASSOCIATION  AND  BItlCKLATEKs'   UNION. 

I  have  carefully  considered  the  arguments  on  each  side  of 
the  contention  between  the  Mason  Builders'  Association  and 
the  Bricklayers'  Union  No.  3  of  Boston  and  vicinity,  as  given 
at  the  hearing  Wednesday,  June  27,  and  herewith  state  briefly 
the  points  at  issue  and  the  conclusion  forced  upon  me. 

The  members  of  the  committee  of  the  Mason  Builders'  Asso- 
ciation aver  that,  in  consequence  of  the  present  depressed  con- 
dition of  business,  building  has  decreased,  values  have  de- 
clined, and  that,  at  the  former  rate  of  wages  and  material, 
there  is  no  inducement  for  owners  of  real  estate  to  venture  on 
new  enterprises.  They,  therefore,  ask  that  the  reasonable  re- 
duction in  wages  of  bricklayers  of  four  cents  per  hour,  or 
about  10  per  cent.,  be  yielded,  from  date  to  January  1,  1895. 
The  present  agreement  is  on  the  basis  of  42  cents  per  hour 
and  eight  hours  a  day,  overtime  to  be  paid  for  at  an  added 
rate  of  50  per  cent  ,  or  "  time  and  a  half,"  as  it  was  expressed. 

Collateral  arguments  and  instances  were  adduced,  but  the 
above  is  the  chief  ground  upon  which  abatement  is  asked. 
Selfish  interest  was  disclaimed,  and  the  lessened  wage,  the 
builders  believed,  by  stimulating  business,  would  resalt  in 
more  and  steadier  work  for  the  bricklayers. 

To  which  the  members  of  the  committee  representing  the 
Bricklayers'  Union  rejoined  : 

First,  that  the  gravity  of  the  alleged  depression  was  exag- 
gerated, and  they  endeavored  to  show  from  figures  obtained 
at  the  office  of  the  Inspector  of  Buildings  that  the  first  four 
months  of  1894  show  an  increase  in  the  number  of  completed 
buildings  above  the  same  period  of  1893,  implying  that  the 
hard  times  had  failed  to  materially  injure  the  building  busi- 
ness. 

Second,  a  weighty  reason  why  wages  in  Boston  should  not 
be  cut  was  their  present  low  rate  as  compared  with  other  cities 
of  the  country,  New  York,  Baltimore,  Indianapolis  and  Den- 
ver paying  50  cents  per  hour  ;  Philadelphia,  45  cents  ;  St. 
Louis,  55  cents  ;  and  Cincinnati,  56  cents  ;  all  on  a  day  of 
eight  hours.  Buffalo  pays  36  cents  and  St.  Paul,  45  cents, 
both  on  a  day  of  nine  hours. 

Third,  the  irregularity  of  work  and  the  large  amount  of 
time  lost  through  enforced  idleness  — not  only  from  cessation 
of  outside  bricklaying  in  wintry  weather,  but  from  unavoid- 
able delay  of  material  and  waiting  for  other  mechanics  at  all 
times— really  reduces  the  seemingly  high  rate  of  wages  to  a 
low  average.  It  was  affirmed;  and  not  denied,  that  the  aver- 
age workman  does  not  earn  over  $11  to  $12  per  week,  or  about 
$600  per  year. 

Other  contentions  there  were,  but  the  three  given  cover  the 
points  deserving  attention. 

The  amicable  spirit  of  both  parties  and  the  evident  desire  to 
arrive  at  a  just  conclusion  were  manifest.  In  the  same  spirit 
let  me  consider  the  points  raised. 

I  agree  with  the  Mason  Builders'  Committee  that  the  pres- 
ent depression  is  serious  ;  that  buildings  have  been  put  up  on 
speculation  in  excess  of  the  demand  ;  that  new  enterprises  are 
checked,  contracts  are  few,  and  that  the  large  number  of 
empty  houses  for  sale  and  the  numerous  idle  bricklayers  are 
sufficient  to  show  the  situation.  I  am  not  convinced,  how- 
ever, that  a  small  abatement  of  mechanics'  wages  will  stimu- 
late new  business. 

The  first  contention  of  the  Bricklayers'  Union  Committee  is 
baseless  and  misleading.  The  increased  number  of  buildings 
completed  in  the  first  four  months  of  1894  does  not  disprove 
the  great  depression,  for  it  is  evident  that  the  initiation  of 
these  completed  buildings  antedates  the  panic.  If  the  dates 
of  beginning  and  the  length  of  time  occupied  in  the  building 
were  given,  the  statistics  would  be  found  valueless  in  this  dis- 
cussion. 

The  second  objection  urged  against  the  cut  of  wages  pro- 
posed is  the  comparative  low  price  paid  in  Boston  when  the 
other  great  cities  are  considered.  On  its  face  it  is  a  strong 
point,  but  conditions  are  always  found  on  examination  to  ac- 
count for  the  discrepancy.  If  there  were  no  counter-balanc- 
ing advantages  in  living  in  Boston  over  living  in  Cincinnati, 
it  is  safe  to  say  that  with  bricklayers'  wages  at  56  cents  per 
hour  in  the  latter  place  as  against  42  cents  here,  there  would 
be  a  hegira  of  workmen  from  this  city  to  that.  But  the  fart 
remains  that,  instead,  bricklayers  are  drawn  to  Boston,  and, 
as  appeared  in  the  testimony,  from  cities  where  the  nominal 
wage  is  higher. 

An  agreement  of  50  cents  per  hour  in  Denver  means  noth- 
ing when  building  is  paralyzed,  as  at  present,  and  employment 
in  that  line  practically  suspended. 

The  third  reason  for  leaving  undisturbed  the  current  pay 
has  decided  force,  correcting  the  unwarranted  conclusion  that 
large  wages  per  hour  are  necessarily  large  in  the  gross,  as  was 
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-  ictorily  explained,  by  unsuitable  weather  and  inevitable 
delays  from  causes  beyond  the  bricklayers'  control. 

I  deem  it  unnecessary  to  elaborate  further  the  arguments  or 
pleas  advanced  on  both  sides,  and  proceed  to  give  the  conclu- 
sion I  have  reached. 

If  the  hard  limes  and  the  dullness  in  building  were  caused 
by  excessive  waizes  paid  to  bricklayers  and  other  similar 
mechanics,  there  would  be  ample  reason  for  granting  the 
mason  builders'  request.  But  it  is  evident  that  such  is  not 
the  case,  and  that  some  undefined  cause  makes  the  lot  of  both 
parties  a  trying  one.  Attempting  to  curtail  the  earnings  of 
either  cannot.  Ihertfore.  lie  effective.  Moreover,  the  mason 
builders  have  this  advantage,  they  enjoy  opportunities  for 
profits  on  contracts  that  may  furnish  a  fund  with  which  to 
tide  over  such  times  as  the  present.  The  bricklayers  have  no 
chance  for  exceptional  profits,  and  while  their  wages  may  be 
adequate  to  support  themselves  and  families  in  prosperous 
limes,  they  are  in  trouble  when  work  fails  them. 

Again,  for  the  mechanic  to  raise  his  wages  is  a  hard  and 
slow  process,  and  if  lowered  to  meet  an  emergency,  involves 
great  exertion  to  recover  them  as  times  improve.  They  are, 
consequently,  the  last  item  of  expense  to  be  deliberately  re- 
duced. 


instituted  this  fair  and  reasonable  method  of  adjusting  your 
differences  of  opinion.    Respectfully. 

(Signed)  William  Lloyd  Garrison, 
Boston,  July  6,  1894.  Referee. 


THE  BROWN  TRAVELING  CRANE. 


The  illustration  on  page  408  represents  the  shipyards  of  F.  W. 
Wheeler  &  Co.,  at  We*t  Bay  City.  Mich.  The  building  at  the 
left  is  the  forging  and  bending  shop,  where  the  form  irons  for 
the  iron  vessels  are  bent  and  the  plates  rolled  to  shape.  <  >n 
the  right  there  is  shown  the  scantlings  of  a  vessel  in  course  of 
construction,  while  the  traveling  crane  used  for  carrying 
material  from  different  points  about  the  yard  to  vessels  on  the 
stocks  is  shown  in  the  act  of  conveying  a  sheet  from  the  shnp 
to  the  boat.  This  crane  was  huilt  by  the  Brown  Hoisting  & 
Conveying  Company,  of  Cleveland,  O.,  and  has  a  span  of 
101  ft.  from  center  to  center  of  supporting  piers,  with  a  canti- 
lever extension  over  the  vessel  on  the  building  berth  that  allows 
the  carriage  to  travel  53  ft.  beyond  the  center  of  the  pier. 
One  end  of  the  bridge  rests  on  a  single  pier  on  a  single-rail 
track,  while  the  cantilever  end  is  on  a  double  track  that  is 
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It  may  pertinently  be  asked,  if  wages  were  fixed  at  36  cents 
instead  of  42,  who  would  benefit  by  the  concession  ?  Chiefly 
the  mason  builders,  who  have  unfinished  contracts  estimated 
at  the  higher  figure.  It  would  lie  a  transfer  without  consider- 
ation from  the  laborer  to  the  employer.  New  contracts  would 
be  figured  on  the  cut  rate,  and  unless  increased  building  re- 
sulted from  diminished  wages,  nothing  would  be  gained. 

My  own  belief  is  that  the  primal  cause  of  the  cessation  of 
building  centers  in  the  excessive  and  speculative  advance  in 
land  values  (aggravated  by  the  financial  distrust  of  our  na- 
tional credit;,  and  that  the  return  of  better  times  must  be  pre- 
ceded by  I  he  decline  of  the  prices  demanded  for  land.  When 
they  fall,  capital  will  again  be  encouraged  to  invest  in  new 
buildings.  Land  values  are  the  last  thing  to  decline  in  a 
panic,  but  until  they  do.  enterprise  i*  checked  and  labor  waits. 
The  real  enemy  against  whom  both  builders  and  employes 
should  unite  is  land  speculation,  for  he  who  controls  the  op- 
portunity controls  also  the  profits  of  him  who  uses  it. 

Convinced,  therefore,  that  no  general  gain  will  accrue  to  the 
mason  builders  by  the  cut  of  the  bricklayers'  wage,  and  that 
the  amount  is  too  small  to  signify  for  the  stimulation  of  busi- 
ness. I,  therefore,  decide  that  no  abatement  from  the  current 
rate  be  made. 

Permit  me  to  express  my  gratification,  in  view  of  the  de- 
plorable labor  conflict  now  raging  in  the  West,  that  you  have 


10  ft.  from  center  to  center  of  rails.  The  engine  and  boiler 
house  is  located  over  ihe  double-track  pier.  The  house  is 
built  of  corrugated  iron,  and  contains  a  specially  designed 
double  engine  fitted  with  patented  band  friction  clutches. 
The  cylinders  are  84  in.  in  diameter,  with  a  piston  stroke  of 
19  in.  This  engine  drives  one  hoisting  drum  36  in.  in  diam- 
eter with  a  9-in.  face,  and  two  racking  and  traveling  drums 
each  with  a  diameter  of  36  in.  and  a  face  of  7  in.  Slearn  is 
supplied  by  an  upright  boiler  48  in.  in  diameter. 

The  entire  structure  is  of  iron  with  the  exception  of  the 
tramway,  track  stringers,  cross  beams  and  frame  of  the  engine 
house. 

The  capacity  of  the  crane  is  rated  at  6,000  lbs.,  and  the 
drums  are  so  geared  to  the  engine  that  a  hoisting  speed  of 
150  ft.  per  minute  is  obtained."  The  speed  of  the  trolley  is 
500  ft.  per  minute,  and  that  of  the  whole  structure  200  ft.  per 
minute. 

When  we  compare  the  ease  and  facility  with  which  all  parts 
entering  into  the  structure  of  a  vessel  can  be  put  in  position 
by  such  a  machine,  we  can  readily  see  the  force  of  the  claim 
on  the  part  of  the  owners  that  the  crane  paid  for  itself  in  si\ 
months— that  is,  the  difference  in  cost  of  handling  material 
by  machine,  compared  with  the  tost  of  handling  by  the  meth- 
ods previously  employed,  amounted  to  the  cost  of  the  machine 
in  six  months. 
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The  line  engraving  of  the  crane  shows  it  with  two  vessels 
beneath  it,  and  this  can  he  readily  done  where  end  launching 
is  used  ;  but  where  side  launching  prevails,  as  in  the  yards  of 
F.  W.  Wheeler  &  Co.,  no  vessel  can  he  located  where  the  one 
shown  by  the  dotted  lines  is  placed.  In  this  particular  in- 
stance the  central  vessel  is  not  built,  and  the  crane  travels 
down  a  long  line  ot  building  berths  from  which  the  vessel  is 
launched  sideways  into  the  water  that  is  iudicated  at  the  right 
of  the  engraving.  We  do  not  wish  to  he  understood,  how- 
ever, as  stating  that  the  end  or  stern  launch  is  not  used  in 
these  yards  as  it  is,  but  the  side  launch  has  also  been  employed 
for  many  of  the  largest  vessels  built  by  the  firm. 


THE  INFLUENCE  OF  CIRCULATION  ON  EVAP 
ORATIVE  EFFICIENCY  OF  WATER  TUBE 
BOILERS. 


Is  our  issue  for  June  we  published  a  paper  on  water-tube 
boilers,  and  the  discussion  thereon  by  the  members  of  the 
American  Society  of  Mechanical  Engineers.  Those  of  our 
readers  who  have  followed  the  matter  will  be  interested  in  a 
paper  recently  read  before  the  Institution  of  Naval  Architects 
by  Mr.  John  I.  Thorneycroft.  For  the  engravings  used  in 
illustration  of  the  paper  we  are  indebted  to  the  Engineer.  Mr. 
Thorneycroft  said  : 


:  Fig.  1.  • 

"  To  obtain  the  highest  evaporative  duty  from  a  given  tube 
service,  it  is  necessary  that  the  contents  of  the  tube  should 
consist  of,  as  far  as  possible,  water  only  ;  and  to  attain  this 
result  the  steam  must  have  the  freest  possible  egress  from  the 
tubes,  and  must  also  be  carried  from  them  by  an  energetic 
circulation  of  water  in  a  constant  direction.  To  some  of  the 
leading  features  which  affect  these  conditions  I  would  now 
call  your  attention.  Considering  the  boilers  shown  in  figs.  1 
and  2,  if  the  pressure  in  the  lower  vessel — that  is,  at  the  bot- 
tom ends  of  the  generating  tubes— is  due  to  the  full  depth  of 
water  in  the  boiler,  in  addition  to  the  steam  pressure,  then  any 
reduction  of  density  in  the  generating  tubes  will  all  be  avail- 
able tor  causing  circulation  ;  and  thus  any  reduction  in  press- 
ure in  the  lower  vessel,  below  that  due  to  the  head  of  water 
in  the  boiler,  is  a  direct  loss  to  the  energy  of  circulation,  so 
that  variations  of  this  pressure  are  of  great  importance.  These 
variations  can  be  conveniently  measured  by  a  pressure  column 
formed  of  a  long  gauge  glass  connecting  the  steam  of  the 
upper  vessel  witli  the  lower  vessel.  The  difference  of  the 
water-level  in  this  glass  from  the  water-level  in  the  upper  ves- 
sel is  a  direct  measure  of  any  reduction  of  pressure  in  the 
lower  vessel. 

"  I  have  made  experiments,  taking  observations  from  such 
pressure  columns  fitted  to  the  boilers  shown  in  figs.  1  and  2, 
when  they  were  working  under  different  conditions,  the 
rate  of  evaporation  anil  steam  pressure  being  varied  for  the 
several  arrangements  of  boiler,  which  were  :  1.  Generating 
tubes  delivering  above  water.  2.  Generating  tubes  delivering 
below  water.  3.  Generating  tubes  delivering  below  water— 
without  any  special  undertake  tidies. 


"  The  curves  given  in  diagram  3  show  graphically  the  re- 
sults of  these  experiments  ;  the  falls  of  pressure  in  the  lower 
vessel  are  plotted  as  ordinates,  and  rates  of  working  as  ab- 
scissa;. It  will  be  seen  that  the  rate  of  working  has  been 
taken  up  very  high,  probably  more  than  double  ordinary 
working,  the  object  of  doing  this  being  to  ascertain  up  to 
what  rate  each  arrangement  can  lie  worked  with  safety.  In 
the  first  series  of  curves  the  results  recorded  are  obtained  from 
the  boiler,  fig.  1,  with  the  generating  tubes  delivering  above 
water.  It  will  be  seen  from  the  curve  that,  as  the  rate  of  work- 
ing is  increased,  the  pressure  column  falls  slightly,  and  at  an 
evaporation  of  20  lbs.  of  water  per  square  foot  of  heating  sur- 
face stands  at  85  per  cent,  of  the  maximum  ;  and  by  halving 
the  working  pressure  the  results  are  not  sensibly  changed. 

"  The  next  series  of  curves  is  taken  from  the  boiler,  fig.  2, 
which  has  the  same  heating  surface,  etc.,  as  fig.  1,  but  the 
top  ends  of  the  lubes  deliver  below  water.  It  will  be  seen 
that  the  curves  fall  more  rapidly  than  the  first  series,  and  that 
by  halving  the  working  pressure  the  pressure  is  distinctly  re- 
duced in  the  lower  vessel. 

"  The  third  series  was  obtained  from  the  boiler,  fig.  2,  by 
plugging  up  the  down  tubes,  so  that  some  of  the  generating 
tubes  had  to  act  as  down  tubes  for  the  supply  of  the  others, 
the  feed-water  of  all  being  delivered  into  the  upper  vessel.  In 
this  case  the  character  of  the  curve  changes  from  the  first  two 
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Fig.  2. 

series  very  much.  A  diminution  in  pressure  of  working 
causes  the  pressure  column  to  fall  very  much  ;  in  the  case  of 
the  pressure  being  only  2S.75  lbs.  per  square  inch  absolute,  it 
fell  to  about  40  per  cent,  of  the  maximum.  The  most  impor- 
tant point,  however,  apart  from  this  low  pressure,  but  a  result 
of  it,  is  that  from  any  given  pressure  a  critical  rate  of  work- 
ing is  arrived  at  when  the  pressure  begins  to  rise  again  with 
increased  rate  of  working,  thus  showing  an  increased  pressure 
in  the  lower  vessel,  caused  by  the  steam  being  unable  to  get 
out  at  the  top  ends  of  the  tubes  fast  enough,  so  comes  out  at 
the  bottom  ends  as  well.  It  will  be  seen  from  the  curves  that 
the  lower  the  pressure  of  working  the  sooner  this  critical 
point  is  arrived  at,  and  I  found  that  when  the  evaporation 
was  pushed  beyond  the  critical  point  the  tubes  were  not  safe 
from  overheating  ;  but  by  taking  the  tubes  intended  for  down- 
takes,  and  extending  their  upper  ends  above  the  water  surface, 
so  that  water  could  not  go  down,  anil  the  steam  in  the  lower 
vessel  could  readily  get  away  to  the  separator,  it  was  possible 
to  increase  the  rate  of  evaporation  somewhat,  inasmuch  as  the 
facility  for  the  tubes  getting  rid  of  their  steam  was  increased. 

"  Contrasting  the  different  conditions  of  working  of  the 
water  tubes  in  the  three  series  of  experiments  I  have  described, 
and  noting  what  slight  differences  these  conditions  may  neces- 
sitate in  the  design  of  a  boiler,  the  nearness  to  success  which 
a  boiler  intended  for  hard  forcing  may  be,  and  yet  fail,  is 
clearly  shown. 

"  In  conclusion,  I  would  submit  that  the  absence  of  special 
down  tubes  limits  to  a  great  extent  the  amount  to  which  a 
boiler  can  be  safely  forced,  and  shows  to  obtainNhe  highest 
rate  of  working  with  safety  and  efficiency  these  special  down 
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tubes  must  not  be  neglected  ;  and  still  further,  the  tubes 
should  deliver  above  water,  as  then  the  circulation,  as  I  have 
previously  shown,  is  double  that  when  the  tubes  deliver  below 
water.  So  that  this  rapid  circulation  is  a  most  important  con- 
dition for  hard  working." 


CENTRIFUGAL  PUMPS.* 


By  John  RicnAitns. 


INTRODUCTORY. 

The  essay  to  follow  will  be  a  peculiar  one  in  some  respects, 
a  technical  subject  dealt  with  empirically,  and  in  many  cases 
by  controversion  of  assumed  data  respecting  centrifugal  pumps, 
perhaps  mistakably  now  and  then,  but  in  all  cases  from  ob- 
servation and  actual  experience  in  designing,  constructing  and 
operating  such  pumps. 

These  pumps  are  a  class  of  machines  sui  generis,  that  defy 
the  mathematician,  and,  as  an  old  workman  once  remarked  to 
the  writer,  "have  more  tricks 'than  a  circus  mule."     One  of 


These  proportions  are  almost  without  the  pale  of  comment, 
and  the  same  remark  applies  to  a  good  deal  besides,  including 
a  constant  rule  to  lay  out  the  curve  of  the  vanes  given  irre- 
spective of  the  head  or  speed,  also  the  statement  that  the  speed 
of  small  impellers  in  feet  per  second  is  8  V  H,  and  large  ones 
9.5  \TE.  As  all  these  things  will  be  referred  to  in  remarks  to 
follow  they  need  not  be  criticised  independently. 

In  other  authorities  are  found  tables  of  efficiency  attained 
with  concentric  and  volute  chambers,  giving  such  efficiencies 
as  1  to  11  ;  also  the  efficiency  of  vanes  due  to  their  form,  vary- 
ing from  20  to  40  per  cent.,  without  in  either  case  including, 
or  even  mentioning,  the  head  or  the  velocity  of  the  impellers, 
but  the  strangest  of  all  is  in  one  case  where  the  diameter  of 
impellers  is  made  a  function  of  the  diameter  of  the  suction 
pipe  or  the  inlet  at  the  sides  of  the  pump,  the  head,  and  con- 
sequently the  speed  of  revolution,  not  being  taken  into  ac- 
count. 

In  "  Hydraulic  Power  and  Hydraulic  Machinery,"  a  recent- 
ly issued  work  by  Professor  Henry  Robinson,  under  the  head- 
ing of  "  Centrifugal  Pumps,"  is  found  the  following  : 

"For  raising  large  quantities  of  water  a  small  height,  a 
'  centrifugal  pump  '  (which  is  practically  an  inverted  turbine) 
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these  tricks  is  to  [give  no  external  hint  of  the  complex  forces 
and  condition  set  up  in  operating.  For  this  reason,  and  for 
various  other  reasons,  they  have  no  literature  to  this  time  that 
has  much  aided  those  who  make  centrifugal  pumps. 

There  is,  perhaps,  not  in  the  whole  range  of  organized  ma- 
chines any  other  that  will  not  admit  in  greater  degree  of  rules 
that  have  general  application.  Formula?,  such  as  exist,  are 
ignored  by  the  practical  pump  maker,  who  soon  learns,  to  his 
cost  sometimes,  that  computations  will  not  supply  proportions 
or  define  the  working  conditions  required,  and  that  he  must 
proceed  tentatively  and  tediously  to  ascertain  the  best  forms 
of  construction  for  particular  uses,  and  for  the  head  or  pressure 
in  each  case.     This  statement  will  require  some  explanation. 

Lying  before  us  while  writing  this  is  'data  for  constructing 
centrifugal  pumps  by  M.  D.  Thompson,  taken  from  Vol. 
XXXII,  Transactions  of  the  Institute  of  Civil  Engineers,  Lon- 
don, in  which  it  is  stated  that  an  18-in.  centrifugal  pump  will 
work  well  with  a  20-ft.  lift,  and  a  36-in.  pump  will  do  the 
same  with  a  30-ft.  lift.  There  is  nothing  in  the  context  to  ex- 
plain this,  and  perhaps  need  not  be.     It  is  not  explainable. 

In  the  same  connection  is  a  table  in  which  the  diameter  of 
the  wheels  or  impellers  is  given  as  a  measure  of  capacity.  For 
example,  an  impeller  12  in.  diameter  will  discharge  1,200  galls. 
a  minute,  and  one  24  in.  diameter  4,800  galls,  a  minute.  These 
are  examples  of  centrifugal-pump  literature  as  it  now  exists, 
taken  from  Molesworth's  Pocket  Book,  edition  of  1893. 


*  Copyright,  1894,  by  the  author. 


is  a  very  suitable  form  of  pump.  Appold  constructed  the 
first,  and  it  has  been  the  basis  of  all  subsequent  ones.  In  this 
form  of  motor  it  is  necessary  to  bear  in  mind  that  the  greatest 
efficiency  can  be  only  obtained  when  it  is  applied  to  work 
under  a  constant  head.  The  calculations  on  which  the  shape 
and  design  of  the  motor  are  based  show  that  an  equally  good 
result  cannot  be  obtained  when  the  head  is  variable.  A"  veloc- 
ity of  about  5  ft.  per  second  for  the  Bow  of  the  suction  and  dis- 
charge water  is  generally  regarded  as  that  which  should  be 
aimed  at.  The  disk  friction  varies  as  the  square  of  the  diame- 
ter, and  the  loss  due  to  total  frictions  increases  as  the  cube  of 
the  velocity.  Experiments  with  centrifugal  pumps  have  estab- 
lished an  efficiency  of  about  50  per  cent,  in  the  small  pumps, 
and  about  70  per  cent,  in  the  large  pumps.  The  shape  of  the 
curved  vanes  of  the  fan  materially  affects  the  results,  the  best 
form  being  that  in  which  these  are  bent  backward." 

These  remarks  we  think  will  confirm  what  has  been  said  about 
the  literature  of  centrifugal  pumps.  The  "  inverted  turbine" 
suggests  carelessness  of  statement.  There  is  scarcely  any  anal- 
ogy between  a  centrifugal  pump  and  a  turbine,  in  so  far  as  the 
forces  at  work  in  the  two  cases.  The  other  propositions,  in- 
cluding the  invention  of  centrifugal  pumps  by  Appold,  will  be 
considered  in  a  future  place. 

One  other  circumstance  of  an  introductory  nature  requires 
mention  here.  The  intention  was  at  first  to  republish,  with 
revision  and  extension,  the  subject-matter  of  a  series  of  articles 
written  in  1886  for  the  Mining  ami  Scientific  Press,  San  Fran- 
cisco, giving  such  facts  as  could  be  gathered  respecting  the 
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origin  and  history  of  centrifugal  pumps,  A. second  conclusion 
blial  1 1 1  i^  matter  would  Lave  increased  interesi  if  preceded 
with  some  explanation  of  these  pumps,  and  the  methods  of 
their  construction  and  operation  for  various  purposes.  This, 
as  may  be  supposed,  even  in  as  con  tensed  a  form  as  p  issible, 
will  greatly  extend  the  space  at  first  contemplated,  but  the 
importance  of  the  subject  warrants  this,  and  even  more  than  it 
is  possible  for  the  writer  to  include  in  such  an  essay  at  this 
time. 

[.—CONSTRUCTIVE    FEATURES. 

In  preparing  designs  for  centrifugal  pumps  the  Brsl  element 

to  be  considered  is  capacity,  or  the  velocity  and  volume  of 
water  to  be  raised  or  forced.  Velocity  conies  lirst,  and  is  com- 
monly less  in  the  ease  of  large  pumps,  where  power  is  more 
considered,  than  foi  small  ones.  This  is  commonly  artanged 
the  same  for  both  inlet  and  discharge  ways  in  large  pumps, 
and  from  5  to  in  ft.  per  second,  as  the  permanency  of  the  duty 
may  warrant.  By  this  is  meant  that  if  only  intermittent  duty 
is  required,  as  in  irrigating  and  reclaiming  land,  there  is  a  point 
where  the  interest  on  investment  in  the  larger  machinery  and 
slower  flow  costs  more  than  is  gained  by  the  avoidance  of 
friction  in  larger  machinery  and  a  reduced  velocity. 

For  this  reason  the  velocity  of  flow  in  pump  orifices  is  usu- 
ally much  increased  over  that  in  suction  and  delivery  pipes 
when  these  latter  are  long.  A  desirable  rate  with  small 
pumps  of  C  to  12  in.  bore  is.  for  the  inlet  pipes,  5  to  6  ft.  per 
second,  and  lor  the  discharge  pipes,  7  to  8  ft.  per  second.  Be- 
tween the  inlet  and  discharge  are  the  waterways  of  the  pump. 
These  are  not  at  control  and  can  follow  no  mle,  as  will  appear 
further  on. 

The  velocit3'  or  flow  of  the  water  in  the  suction  and  dis- 
charge ways  of  a  pump  being  determined,  the  volume  or 
capacity  is  next  to  be  considered,  and  is  easily  found  by  sim- 
ple computation  expressed  in  gallons  or  cubic  feet  per  minute. 
The  next  element  to  be  determined  is  the  diameter  and  num- 
ber of  revolutions  of  the  wheel  or  impeller. 

THE   SIZE   OF    IMPELI.EKS. 

The  diameter  of  these  will  at  first  seem  to  depend  upon  the 
velocity  of  the  radial  flow  between  the  vanes,  so  the  water  will 
make  one  revolution  while  in  or  around  the  impeller,  the  flow 
being  uniform  with  that  of  the  inlet  and  discharge  ways,  but 
here  the  designer  is  first  called  upon  to  disregard  one  of  the 
laws  of  hydraulics  and  assume  dimensions  from  a  different 
standpoint. 

The  speed  of  the  periphery  of  an  impeller  is  governed  by  the 
law  of  acceleration  for  falling  bodies,  V=  V'Zglf,  or.  ex- 
pressed in  feet  per  second,  8.025  times  the  square  root  of  the 
head,  commonly  called  for  simplicity  eight  times  the  square 
root  of  the  head.  This  circumferential  velocity  of  the  im- 
pellers will  raise  a  column  of  water  to  the  assumed  head,  but 
the  additional  pressure  required  for  discharge  or  "  How"  must 
be  added,  so  it  is  common  to  estimate  the  velocity  of  impellers 
about  20  per  cent,  more,  or  10  \' II,  which  answers  as  a  general 
rule,  although  the  result  is  modified  by  the  form  of  the  vanes 
and  the  depth  or  width  of  the  discharge  chamber  beyond  the 
vane  tips. 

To  proceed  here  by  inference,  or,  as  we  may  say,  mathe- 
matically, the  diameter  of  the  impeller,  or  the  number  of  its 
revolutions,  as  before  mentioned,  should  depend  upon  the  path 
of  a  particle  of  water  through  anil  around  the  impeller,  and  as 
this  need  not  exceed  360",  or  one  revolution,  there  seems  to  be 
clear  ground  to  proceed  upon. 

Assuming,  for  example,  a  bead  of  36  ft.,  then  10  t/36  =  60 
ft.  per  second,  or  3,600  ft.  pel  minute,  will  lie  the  velocity  of 
the  perimeter  of  the  impeller,  and  if  the  pump  is  of  12  in. 
bore,  and  the  wheel,  as  is  common  in  practice,  is  '■'<  ft.  in  diame- 
ter, this  will  call  for  382  revolutions  per  minute,  which  is  a 
full  limit  for  the  endurance  of  tin-  spindle  bearings,  in  fact,  is 
ne. re  than  go  id  practice  will  permit.  If  the  diameter  is  made 
according  to  some  rules  given,  twice  that  of  the  inlet  pipe, 
then  the  number  of  revolutions  would  rise  to  ~>73  per  minute, 
and  the  result  would  probably  be  a  failure  of  the  spindle  bear- 
ings. 

At  the  slower  speed  of  382  revolutions  per  minute  for  the 
impeller,  and  assuming  thi  OW  in  the  pump  orifices  to 

iid.  or  420  ft.  per  minute,  we  find  that  if  the 
water  i^  to  In  carried  through  one  revolution  the  radial  flow 
will  be,  counting  from  the  axis,  at  the  rate  of  573  ft.  per  min- 
ute, then  the  waterway  through  the  impeller  would  be  reduced 
about  8  per  cent.,  and  the  velocity  increased  accordingly. 
Such  an  arrangement  would  cramp  the  inlet  How  and  cause 
obstruction  to  solid  substances  passing  through  the  pump,  so 
the  section  of  the  water  ducts  in  the  impeller  have  to  be  in- 


sed  and  the  water  carried  [through  500   to  800"  of  revolu- 
11  hi,  lor  mechanic  d  reasons. 

The  discharge  area  at  the  periphery  of  the  impellers,  if  made 
uniform  with  the  outlet  and  inlet  orifices  of  the  pump,  would 
be  liable  to  clog,  even  in  ordinary  service,  so  this  is  usually 
mile  of  double  area,  and  the  radial  flow  reduced  to  about  50 
per  cent,  of  its  velocity  in  the  inlet  and  discharge  ways  of  the 
pump. 

It  will  therefore  be  seen,  unscientific  as  it  may  seem,  that 
the  diameter  of  the  impellers  of  centrifugal  pumps,  and  conse- 
quent size  of  casing,  is  based  upon  mechanical  and  operative 
reasons,  and  not  on  any  hydraulic  law.  The  safest  way  is  to 
assume  a  limit  of  speed  for  the  spindle  bearing  surfaces  not 
exceeding  350  ft.  per  minute,  and  from  the  revolutions  thus  ob- 
tained lay  out  the  impeller  accordingly.  A  good  rule  is  to 
divide  1,000  by  the  diameter  of  the  spindles  in  inches  for  the 
number  of  revolutions  p?r  minute  ;  this  will  suit  in  all  cases 
for  water  pumps. 

The  waterways  ot  the  pump,  through  the  impeller  and 
throat  and  elsewhere,  must  also  be  arranged  to  suit  the  nature 
of  the  duty  to  be  performed.  In  some  cases,  as  in  dredging, 
for  example,  the  velocity  of  the  current  ma}'  have  to  be  re- 
duced by  enlargement  of  the  throat  to  one-fourth  what  it  is  in 
the  discharge  nozzle  or  inlet  to  avoid  danger  of  clogging. 

rrvip  CHAMBERS. 

The  bore  or  capacity,  diameter,  and  speed  of  revolutions 
being  determined,  the  next  element  is  the  casing  or  pump 
shell,  and  here  again  we  meet  with  complexity.  It  was  men- 
tioned that  one  authority  gave  for  volute  shells  an  advantage 
of  20  per  cent,  in  efficiency,  which  may  be  true,  and  less  than 
true  in  some  cases,  but  will  not  apply  at  all  in  other  cases. 
Tin  impelling  power  in  centrifugal  pumping  consists  of  two 
separate  forces,  centrifugal  force,  and  what  is  called  tangential 
energy,  or  "  mechanical  push,"  due  to  the  action  of  tin  vanes 
and  force  of  discharge  from  the  impeller,  but  these  forces  vary 
relatively  with  the  head,  and  in  such  degree  as  to  supplant 
each  other  at  high  and  low  heads,  and  on  this  circumstance 
depends  the  value  of  volute  or  spiral  pump  chambers  or  "  cas- 
ing," as  they  are  commonly  called. 

Referring  to  fig.  1,  it  will  be  seen  that  the  casing  is  in  effect 
a  portion  of  the  discharge  pipe,  and  may  be  thus  considered, 
so  a  constant  velocity  of  flow  therein  can  be  assumed  for  all 
heads.  This  being  constant,  and  the  tangential  energy  or 
velocity  of  discharge  from  the  impeller  being  as  the  square 
root  of  the  head,  it  is  easy  to  see  how  rapidly  the  conditions 
change  as  these  velocities  are  varied  relatively.  At  a  head  of 
40  ft.  the  tangential  discharge  will  be  63  ft.  per  second,  im- 
pinging on  a  body  of  water  flowing  at  a  tenth  of  this  rate. 
This,  expressed  mathematically  in  terms  of  mszira  momentum 
and  velocity,  will  show  a  considerable  impulsive  effect,  for 
example  :  If  .1/  is  the  weight  of  the  impinging  water,  and 
Fits  velocity  ;  -V  and  F  the  weight  and  velocity  respective- 
ly of  the  water  in  the  pump  shell,  and  the  lines  of  force  are 
coincident,  but  the  directions  of  flow  are  opposite,  then 
M  .1/ 

■ (V -\-  V'f  =  the  inductive  effect  of  the  tangential 

_V  +   1/ 

energy.  As  a  matter  of  fact,  however,  no  such  result  takes 
place  in  practice  ;  the  angle  of  impingement  is  uncertain,  de- 
pending on  several  circumstances,  such  as  the  velocity  of  radial 
How,  or  width  and  form  of  the  impeller,  also  the  form  ol  the 
vanes. 

The  thin  stratum  of  water  discharged  at  e,  fig.  2,  into  the 
main  discbarge  at  a  velocity  ten  times  as  great,  disturbs  ami 
breaks  up  the  solidity  or  normal  How  in  the  discharge  way, 
and,  as  experience  proves,  produces  no  useful  effect  that  need 
nsidered  in  designing  pumps  to  operate  against  heads  ex- 
ceeding -10  to  50  ft.  This  statement,  the  writer  feels  called 
upon  to  explain,  is  based  upon  experience  in  dealing  with 
1  in  100  ft.  in  a  large  number  of  eases  when- 
tangential  energy  was  provided  for,  and  in  other  cases  where 
ii  was  disregarded — that  is.  concentric  and  volute  casing  gave 
the  same  result.     This  may  be  called  one  extreme. 

Proceeding  now  to  the  other  extreme,  for  low  heads  of  2  to 
■"i  ft.,  there  is  found  a  wholly  different  set  of  conditions,  modi- 
fying the  form  of  the  pump  chambers,  and  various  other  feat- 
ures of  a  constructive  nature.  For  constant  low  heads,  sueh 
as  occur  frequently  in  draining  operations,  there  is  a  complete 
change  of  conditions,  so  much  so  that  centrifugal  force  us  an 
may  be  disregarded. 

For  low  heads  the  velocity  of  the  impeller  or  the  vain  s  need 
not  follow  the  rules  before  laid  down.  For  heads  from  2  to  5 
ft.  it  will  be  as  follows  :  10  V'2~=  14  ft.  ;  10  i'3  =  17.3  ft.  ; 
1  I  1  =  20  ft.,  and  10  Vo~=  22. 3  ft.  per  second.  With  these 
low  heads  it  i~  not  necessary  or  expedient  to  limit  the  discharge 
flow  to  8  ft.  per  second.     This  could  be  raised  to  correspond 
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with  the  velocities  above  noted,  but  should  not  exceed  12  ft. 
A  puinp  under  these  conditions  becomes  an  impact  or  '  push- 
ing" machine,  corresponding  to  and  almost  i  lentical  with  what 
is  called  a  scroll  impact  water  wheel  reversed,  the  action  com- 
parable also  to  common  water-lifting  wheels,  such  as  are  em- 
ployed at  New  Orleans  and  in  Europe  generally,  for  low  and 
nearly  invariable  heads. 

There  is  also  the  problem  whether  there  should  be  any  free 
or  discharge  space  beyond  the  tips  of  the  vanes  except  a  dis- 
charge-way carried  off  tangentially,  as  in  tig.  3.  In  this  case, 
taken  from  actual  praetice.for  a  head  of  31  ft  ,  the  centrifugal 
action  was  almost  entirely  isoored,  the  impeller  fitting  close  in  a 
concentric  chamber  and  the  blades  curved  forward  instead  of 
backward.  The  inlet  •/.  was  50  per  cent,  greater  in  area  than 
the  outlet  e,  and  the  section  of  the  latter,  as  well  as  that  of  the 
main  chamber,  rectangular.  The  pumps  were  vertical,  sub- 
merged, and  arranged  to  work  through  a  bulkhead,  c.  no 
valves  or  pipes  being  required.  The  result  fully  confirmed  the 
hypothetical  reasoning  on  which  the  scheme  was  based— name- 
ly :  That  under  the  circumstances  the  circumferential  velocity. 
or  the  vane  velocity,  would 
correspond  very  nearly  to 
the  discharge  flow. 

The  writer  has  em- 
ployed the  same  method 
with  success  for  river 
dredging  pumps  where  the 
head  was  but  little,  being 
only  the  difference  be- 
tween the  river's  surface 
and  the  point  of  discharge. 
The  advantages  gainetl  by 
such  construction  for 
pumping  stones  or  other 
solids  are  very  important, 
and  more  than  compen- 
sate for  any  loss  of  effici- 
ency, such  as  may  occur. 

The  impact  of  the  vanes 
against  bowlders  or  stones 
is  avoided  when  the  vanes 
are  moving  at  nearly  the 
same  speed  as  the  dis- 
charge flow,  and  solid  sub- 
stances are  not  thrown  out 
violently  against  the  cas- 
ing as  iu  the  case  of  a  com- 
mon centrifugal  pump.  There  is  also  an  avoidance  of  clog- 
ging, which  is  almost  sure  to  occur  with  a  volute  chamber, 
by  solids  becoming  ^lodged  or  wedged  in  between  the  vanes 
and  the  case  :  also  much  less  of  the  abrasive  effect  of  gravel 
or  sand  discharged  radially  that  w  ith  a  common  pump  will  cut 
through  the  shell  in  a  week  or  two  of  continuous  service.  Here 
we  have  another  wide  infraction  of  all  rules  laid  down  for 
pumps  of  this  class,  a  disregard  of  nearly  all  the  features  that 
apply  to  water  pumps  for  heads  of  10  ft.  or  more. 

The  efficiency  of  a  pump  made  in  the  manner  shown  in  fig. 
3,  or  with  a  concentric  chamber,  the  vanes  curved  either  for- 
ward or  backward  as  the  relation  between  their  speed  and  that 
of  the  discharge  flow  may  demand,  is  from  40  to  50  per  cent., 
as  nearly  as  observations  iu  practice  can  determine. 

VOLUTE    PUMP   CFTAMGEKS. 

The  next  element  to  be  considered  iu  centrifugal  pump  con- 
struction is  the  section  and  shape  of  a  volute  chamber  when 
the  conditions  of  service  demand  that  form — that  is,  for  heads 
from  5  to  40  ft.  or  perhaps  50  ft. 

A  theoretical  form  of  the  volute  or  spiral  casing  should,  to 
maintain  uniform  velocity  of  the  discharge  water,  begin  at 
nothing,  and  gradually  expand  to  the  discharge  bore  for  a 
finish,  but  here  again  we  are  compelled  to  abandon  the  theo 
relical  road  because  of  certain  operating  conditions. 

Referring  to  fig.  4,  which  is  a  diagram  showing  a  theoretical 
volute  chamber  such  as  is  employed  by  a  good  many  makers 
of  such  pumps,  it  seems  correct,  but  there  is  no  provision  for 
radial  or  outward  How  for  some  distance  at  ■(.  consequently 
thc  water  contained  and  flowing  between  the  vanes  is  checked 
in  its  course  once  on  each  revolution,  while  passing  this  point. 

The  writer  made  this  mistake  in  1883  in  designing  a  pump 
to  raise  the  surface  drainage  in  the  City  of  Sacramento.  The 
pump  is  yet  in  use.  giving  a  fair  efficiency  after  U  a  years  of 
service,  but  it  developed  a  queer  phenomenon  that  remained 
for  some  time  a  problem  for  which  no  clew-  could  be  found. 
The  pump,  when  started,  set  up  a  series  of  rhythmic  pulsa- 
tions, causing  vibration  of  the  timber  supports  on  which  it 
stood  that  made  it  disagreeable  to  stand  near  the  machinery. 
The  first  impression  was  that  the  impeller  was  not  balanced. 


but  it  was  soon  discovered  that  the  frequency  of  the  vibrations 
or  pulsations  did  not  corre.-pond  to  the  revolutions,  but  to  the 
revolutions  multiplied  into  the  number  of  vanes,  and  it  will  be 
no  disparagement  to  admit  that  the  real  cause  was  not  under- 
stood for  some  years  later  when  other  experiments  proved 
where  the  diffieultv  lay. 

Since  that  time  the  writer  has  in  all  designs  for  water-raising 
pumps  of  this  class  begau  the  volute  at  n,  fig.  1.  with  one- 
fourth  to  one-sixth  the  area  or  section  it  has  at  the  disci 
a,  thereby  sacrificing  a  considerable  portion  of  the  tangential 
energy,  and  causing  an  accelerated  flow  in  the  casing.  This 
necessity  for  space  in  the  discharge  chamber  at  n,  and  the 
throat  or  cut-off  plate  »,  is  well  understood.  Messrs.  Gwynne. 
of  London,  have  always  arranged  their  pump  chambers  in  this 
manner.  The  cut-off  or  baffling  plate  3  will  be  considered  in  a 
future  place. 

The  nearness  with  which  the  vanes  approach  the   volute 
chamber,  or  the  radial  depth  at  e,  fig.  2.  does  not  stem  to  be  a 
matter  of  importance  in  a  pump's  operation,  but  regular  - 
constructive  matter  of  some  importance  —  namely,  whether  the 


Fig.  2. 


pump  chamber  has  to  be  parted  through  its  axis  to  insert  the 
impeller,  or  whether  this  be  done  through  removable  side 
plates,  as  in  figs.  1  and  2. 

In  the  latter  case  a  pump  chamber  can  be  cast  in  one  piece. 
and  erected  so  the  discharge  will  be  at  any  angle,  the  side 
plates,  inlet  and  spindle  bearings  remaining  undisturbed.  This 
method  has  been  a  characteristic  of  the  practice  of  51  - 
J.  A  II.  Gwynne.  above  referred  to.  and  is  certainly  desirable 
in  nearly  all  cases,  the  exception  being  when  there  is  no  room 
at  the  side  to  remove  the  impeller,  and  when  the  shaft  must 
pass  through  the  pump,  as  in  the  case  of  circulating  pumps 
for  condensing  water  on  board  ships.  Convenience  and  sym- 
metry favor  the  solid  volute  casing  with  removable  side  plates. 

THE   VASE   CHAMBER. 

The  tapering  form  given  to  these  chambers  is  an  attempt  to 
maintain  uniform  area  and  consequent  velocity  of  the  water  in 
its  radial  flow  from  the  inlet.  This  is  a  rule  of  hydraulics,  the 
violation  of  which  causes  a  considerable  loss  of  power  if  not 
observed,  and  brings  us  again  to  a  point  where  centrifugal 
pump  construction  must  diverge  from  theory. 

Referring  back  to  tig.  2.  and  supposing  the  dimension  m  to 
be  30  in.,  the  area  will  be  701  in.,  and  to  maintain  a  uniform 
velocity  of  the  water  this  section  must  be  maintained  out  to 
and  through  the  throat  e.  For  an  impeller  60  in.  in  diameter 
the  perimeter  will  be  1SS.4  in.  ;  this  divided  hit  7.8  . 
width  of  0. 7t>  in.,  which  is  too  narrow  if  any  kind  of  debris, 
such  as  grass,  roots,  or  driftwood,  is  to  Ik-  passed  through  the 
pump.  This  difficulty  increases  with  the  diameter  of  the  im- 
pellers until  at  a  head  of  50  ft.  the  area  should  be  double  that 
of  the  inlet  n»,  and  for  higher  heads  in  proportion,  especially 
when  encased  impellers  are  employed,  as  will  be  explain* 
a  future  place. 

The  curves  in  the  water-ways  in  fig.  3  are  supposed  to  ' 
perfect  as  can  be  attained,  and  arc  taken  from  I 
the  writer  in   1886,  for  the  Westingbouse 
of  Pittsburgh.  Pa  .  also  for  Messrs.  \V.  T.  Garratl  &  C 
San  Francisco. 

IMI'ELLEKS   OK    WHI 

These  are  made  in  three  forms  ;  with  open  vanes  only  ;  with 
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a  disk  or  side  plate  open  on  one  side,  as  in  figs.  1  and  2  ;  and 
encased  or  with  two  side  plates,  as  in  fig.  5.  There  is  also  a 
type  baring  hollow  arms  that  set  the  water  around  them  in 
revolution,  and  thus  avoid  circulation  back  through  the 
inlet,  as  will  be  further  explained  in  future. 

The  function  of  the  impeller  being  to  set  the  water  in  revo- 
lution, its  construction  in  respect  to  efficiency  is  not  a  matter 
of  much  importance,  but  there  is  a  vast  difference  in  the  con- 
ditims  under  which  pumps  operate  with  open  and  encased  im- 
pellers. Leaving  out  for  the  present  the  plate  form  with  vanes 
on  one  side,  and  considering  the  open  and  encased  forms  only, 
the  difference  is  one  that  would  never  be 
supposed  from  inference. 

With  the  open  form  the  whole  mass 
of  water  within  the  pump  is  set  in  revo- 
lution, and  the  surface  friction  is  between 
this  mass  of  water  and  the  side  plates. 

With  the  encased  form  the  water  within 
the  impeller  is  set  in  revolution,  and  the 
sut face  friction  is  between  its  outer  sur- 
face and  the  stratum  of  water  between  it 
and  the  side  plates.  The  water  friction 
is  just  the  same  in  the  two  cases,  and  is 
always  as  the  area  of  sides  of  the  pump 
chamber,  but  there  is  this  difference  as  to 
construction.  The  surface  over  which  the  , 
whirling  water  flows  must  be  true  and 
without  deviation  in  a  radial  plane,  so 
that  with  an  open  impeller  the  side  plates 
should  be  turned  true  on  the  inside,  and 
with  an  encased  impeller  its  exterior  sur- 
face should  be  turned  true. 

The  object  of  encased  wheels  or  im- 
pellers is  mainly  to  secure  strength,  which 
is  vastly  increased  by  this  form,  and  is  necessary  at  high 
speeds  or  for  high  heads,  but  there  are  operating  conditions 
to  provide  for  that  considerably  complicate  the  method  and 
arc  open  to  objection.  With  an  encased  impeller  the  whole 
interior  of  a  pump  chamber  is  subjected  to  a  static  pressure 
J  to  the  discharge  head,  and  this  demands  heavy  side 
platesof  ribbed  section,  and  even  then  with  high  heads  flexure 
is  almost  unavoidable. 

In  the  case  of  what  are  rolled  pit  pumps  in  California,  one 
of  which  is  shown  in  section  at  fig.  5,  the  head  is  often  60  ft. 
or  more,  sometimes  reaching  80  and  90  ft.  At  60  ft.  the  press- 
ure is  about  26  lbs.  per  square  inch.  The  impellers  are  30  in. 
or  more  in  diameter,  and  the  sides  of  the  pump  case,  including 
the  discharge  volute,  when  that  form  is  employed,  will  make 
up  a  diameter  of  42  in.,  and  area  of  1,385  in.,  sustaining  under 
a  head  of  60  ft.  a  static  pressure  of  36,000  lbs.,  or  IS  tons  of 
internal  strain  on  each  side,  so  that  a  pump  chamber  not  well 
ribbed  will  expand  under  such  a  force  and  be  broken.  At 
lower  heads,  and  with  larger  pumps,  this  difficulty  is  less,  but 
remains  a  factor  to  be  carefully  taken  into  account  in  design- 
ing centrifugal  pumps  of  all  kinds. 


reached  almost  to  the  periphery  of  the  impeller,  which  was  40 
in.  in  diameter. 

In  another  case  a  small  pump  having  an  impeller  20  in.  in 
diameter  was  sold  to  a  miner  to  be  carried  into  the  mountains 
and  employed  to  raise  water  110  ft.  He  was  informed  that 
the  side  plates  were  only  j  in.  thick,  and  the  pump  would  cer- 
tainly burst.  He  replied  laconically  that  "the  pump  was  as 
heavy  as  he  wanted  to  transport  on  a  mule,  and  if  it  burst  he 
could  mend  it."  A  letter  from  him  informed  the  maker  that 
the  pump  was  "  all  right." 

This  difference  in  internal  pressure  between  open  and  encased 


Fig    5 

If  the  impeller  is  open  the  pressure  on  the  side  plates  is  in  a 
large  degree  removed,  because  at  the  center  of  the  pump,  or 
civ.  r  the  inlet  ana.  1.  only  no  internal  pressure,  but  a 

negative  or  inward   |  partial   vacuum,  which  gradu- 

and  in  some  ratio  ti't  understood,  changes  to  outward 
-  :re.  from  the  inlet  to  the  discharge  chamber.  Tbeoreti 
cally  such  change  of  pressure  would  be  a  constant  increase, 
but  in  an  experiment  made  some  years  ago,  holes  were  drilled 
through  side  plates  at  distances  of  three  inches  or  so  from  the 
inlet  pipe  outward,  and   no  water   was  discharged   until  it 


impellers  is  of  course  modified  by  revolution  of  the  stratum  of 
water  between  an  encased  impeller  and  the  side  plates,  and  as 
no  additional  friction  would  result  it  would  be  an  improvement 
no  doubt  to  employ  shallow  vanes  on  the  outside  of  such  im- 
pellers, so  as  to  set  the  water  in  revolution  against  the  side 
plates.  This  would  not  only  relieve  the  latter  of  most  of  the 
discharge  pressure,  but  would  meet  and  prevent  what  is  a  seri- 
ous objection  to  encased  impellers,  that  of  loss  by  circulation. 
With  an  encased  impeller  of  any  kind  having  no  vanes  on  the 
outside  there  must  be  a  running  joint  around  the  inlet  nozzle, 
maintained  against  the  discharge  pressure.  This  can  be  ex- 
plained by  referring  to  fig.  5. 

Supposing  the  inlet  •/  .1  to  sustain  a  negative  or  inward  press- 
ure due  to  a  suction  head  of  30  ft.,  or  8  6  lbs.  per  inch,  and  the 
discharge  throat  of  the  impeller  e  subjected  to  a  discharge 
pressure  of  40  ft.,  or  16.2  lbs  per  inch,  then  as  no  water  joint 
can  be  maintained  around  the  periphery  of  the  impeller,  the 
space  at  its  sides,  above  and  below,  will  be  filled  at  this  same 
pressure  of  16.2  lbs.,  which,  if  added  to  the  negative  "r  inward 
pressure  of  8.6  lbs.,  produces  a  force  of  24. v  lbs.  per  inch, 
tending  to  circulate  the  water  through  the  running  joint  at 

the  inlet  nozzle  of 
the  impeller.  What- 
ever water  can  pass 
here,  and  it  is  com- 
monly a  good  deal, 
is  only  circulated  in 
the  pump,  and  rep- 
resents  lost  work. 

The  writer  in  his 
practice  has  usually 
employed  several 
ledges  or  collars  and 
grooves  to  obstruct 
such  flow,  and  end- 
ed up  with  the 
abandonment  of  en 
1  impellers,  ex- 
cept when  a  fibrous 
packing  around  the 
nozzle  could  be  em 
ployed.  With  clear 
water,  where  no 
grit  or  sand  is  present,  these-  running  joints  can  be  maintained 
tolerablv  close,  but  this  loss  by  circulation  is  always  a  matter  of 
rtainty,  and  not  observable  or  even  ascertainable  after  a 
pump  is  once  erected  except  by  an  obvious  loss  of  efficiency. 
Unquestionably  the  Inst  way  is  to  have  vanes  on  the  outside 
of  an  encased  impeller,  so  as  to  cause  revolution  of  the  water 
there.  As  before  remarked,  there  is  no  difference  lietween  the 
friction  of  the  water  against  the  side  plates  of  the  pump_and 
the  friction  against  the  sides  of  the  impeller.  It  is  the  same 
thing  when  the  surfaces  are  alike.in  the  two  cases. 
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BALANCING    CENTRIFUGAL   PUMPS. 

We  have  now  reached  the  most  interesting  problem  in  centrifu- 
gal pump  construction— that  of  balancing  the  lateral  thrust 
upon  the  impellers.  It  is  a  matter  that  modifies  nearly  all  the 
constructive  features  of  practice,  and  is,  by  any  fair  standard 
of  comparison,  one  of  the  most  intricate  problems  in  hydraulic 
apparatus. 

Some  years  ago,  during  some  experiments  at  the  University 
of  California,  Professor  F.  G.  Hesse  discovered  the  force  de- 
veloped on  disks  having  different  degrees  of  centrifugal  action 
on  each  side,  and  prepared  an  essay  on  what  he  called  a  "  hy- 
draulic step"  to  resist  weight  or  thrust,  explaining  the  forces 
by  formulas.  This  paper  was  widely  circulated  and  remarked 
upon  by  Professor  Uuwin  and  others.  At  the  same  time,  how- 
ever, this  method  of  balancing  weight  and  thrust  was  in  prac- 
tical use  in  California,  for  sustaining  the  weight  of  shafts  in 
pits,  but  without  Professor  Hesse's  knowledge,  having  been 
discovered  in  practical  working. 

To  illustrate  the  nature  and  amount  of 
lateral  thrust  on  the  disk  form  of  impellers  ' 
for  pumps,  and  referring  to  the  diagram, 
fig.  6,  suppose  the  inlet  at  m  to  be  12  in. 
diameter  and  have  an  area  of  113  in.,  and 
that  the  head  to  be  operated  against  is  40 
ft.,  also  that  the  impeller  disk  a  on  the 
shaft  n  is  36  in.  in  diameter  and  provided 
on  one  side  with  a  series  of  vanes  e.  The 
pressure  in  the  discharge  chamber  will  be 
17.2  lbs.  per  inch  static,  or  in  operating  at 
least  18  lbs.  per  inch. 

To  find  the  unbalanced  pressure  and  in- 
ward pull  on  the  shaft  11,  the  difference  of 
pressure  on  the  two  sides  of  the  plate  a  is 
not  an  easy  matter.  On  the  front  or  vane 
side  there  is  the  impingement  of  the  en- 
tering water  against  the  plate,  which  if 
curved,  as  in  fig.  2,  would  amount  to  but  little,  certainly  not 
more  than  100  lbs.  for  a  flow  of  6  to  8  ft.  a  second. 

There  is  also  the  increasing  outward  pressure  from  the  inlet 
outward,  due  to  centrifugal  force,  but,  as  remarked  in  a  pre- 
vious place,  the  amount  of  this  force  is  not  known,  but  it  cer- 
tainly does  not  exceed  one  fourth  of  the  exposed  area  multi- 
plied into  the  discharge  pressure.  Deducting  the  area  of  the 
iulet  leaves  593  in.  of  area  for  the  disk  on  this  side,  which,  if 
multiplied  by  one  fourth  the  discharge  pressure,  gives  2,668 
lbs.,  and,  adding  for  impingement,  2768.5  lbs.  for  the  front  or 
vane  side. 

On  the  rear  side  of  the  plate  a  toward  the  chamber  c  c,  if 
there  is  no  rotation  of  the  water,  there  is,  by  reason  of  the  water 
passing  over  the  rim  at  s,  a  pressure  equal  to  the  discharge 
over  the  whole  surface,  except  the  area  of  the  shaft  n.  This 
pressure  or  thrust  will  be  706.8  X  18  =  12722.4  lbs.,  or,  less 
the  area  of  a  shaft  3  in.  diameter,  12,596  lbs.,  from  which  must 
be  deducted  the  counterbalancing  pressure  of  2768.5  lbs.  on 
the  front  side,  leaving  unbalanced  the  enormous  force  of  9953.9 
lbs.  This  is  an  extreme  case,  assumed  for  the  purpose  of  illus- 
tration. No  one  at  all  acquainted  with  the  matter  would  think 
of  designing  a  pump  in  this  manuer,  unless  this  lateral  thrust 
was  required  for  some  purpose.  It  cannot  be  safely  resisted 
by  thrust  collars  of  any  kind,  even  when  these  are  under 
water. 

It  is  not  an  easy  matter  to  determine  when  an  impell  r  is  not 
balanced,  or  the  amount  of  lateral  thrust  upon  it.  It  must  be 
remembered,  however,  that  it  is  always  in  proportion  to  the 
field  of  water  rotation  on  the  two  sides,  and  this  naturally  leads 
to  the  conclusion  that  a  pump  should  have  an  inlet  at  each 
side.  This  would  be  correct  if  it  were  not  possible  to  balance 
the  centrifugal  action  on  each  side  without  double  inlets,  and 
in  this  manner  secure  not  ouly  complete  equilibrium,  but  also 
attain  other  important  advantages  of  both  construction  and 
operation.  It  is  not  always  desirable  to  balance  centrifugal 
pumps  ;  on  the  contrary,  the  lateral  thrust  on  the  impellers 
becomes  essential  in  some  cases,  as  will  be  explained  further  on. 
In  deep  pits,  such  as  are  common  in  the  irrigated  districts  of 
California,  the  pumps  have  to  be  set  40  to  50  ft.  below  the  sur- 
face in  order  to  be  within  suction  distance  of  the  water.  Such 
pumps,  from  4  to  6  in.  bore,  are  driven  by  vertical  shafts  ex- 
tending up  to  the  surface  where  the  driving  power  is  applied. 
The  shafts  are  commonly  2A  in.  diameter,  and  weigh  with  the 
couplings  and  fittings  at  least  20  lbs.  per  foot,  or  for  50  ft. 
1,000  lbs.  These  shafts  with  the  impellerof  the  pump,  tooper- 
ate  well,  must  be  balanced  by  water  thrust,  which  in  the  case 
of  disk  impellers  is  provided  in  a  very  ingenious  manner,  shown 
in  fig.  7. 

The  water  enters  on  the  top  around  the  shaft  in.  The  im- 
peller disk  a  is  provided  with  working  vanes  e  on  top,  and  bal- 


ancing vanes  c  on  the  bottom,  the  latter  enough  shorter  than 
the  top  ones  to  produce  a  modified  centrifugal  action  beneath 
the  plate,  and  this  difference  when  adjusted  is  made  to  sustain 
the  weight  of  the  shaft  m  and  all  of  its  connected  parts,  weigh- 
ing from  800  to  1,600  lbs.  If  the  up  thrust  or  balancing  is  not 
enough  the  impeller  is  taken  out,  and  the  ends  of  the  bottom 
vanes  trimmed  off  at  n  until  an  equilibrium  is  obtained.  The 
bottom  vanes  c  are  commonly  one-third  shorter  than  the  top 
ones  e  when  the  disks  are  24  to  30  in.  diameter,  and  it  is  sur- 
prising to  see  what  an  effect  is  produced  by  cutting  off  even 
half  an  inch  from  the  ends  of  the  vanes  at  n.  This  method  of 
balancing  disk  impellers  for  centrifugal  pumps  is  also  applied 
to  encased  impellers,  as  in  the  case  of  pumps  illustrated  in  fig. 
5,  and  is  shown  in  its  most  complete  form  applied  to  a  hori- 
zontal pump  in  fig.  2. 

It  will  be  noticed  there  are  vanes  on  both  sides  of  the  disk, 
those  on  the  back  being  to  set  up  there  the  same  centrifugal 
action  and  force  that  exists  on  the  front  or  working  side.  It 
will  also  be  noticed  that  the  back  or  balancing  vanes  are  a  lit- 


tle shorter  than  the  front 
ones,  commonly  from  |  in. 
to  J  in.  for  pumps  to  10  in. 
bore.  This  slight  difference 
in  the  length  of  the  vanes, 
or  the  diameter  over  their 
tips,  permits  a  slight  excess 
of  pressure  on  the  front  or 
working  side,  and  conse- 
quently a  slow  flow  of  wa- 
ter over  the  periphery  of  the 
disk  into  the  chamber  be- 
hind ;  some  small  holes  r 
being  provided  for  circula- 
tion. If  the  rear  or  bal- 
ancing vanes  were  as  long 
as  the  main  ones,  and  cen- 
trifugal action  the  same  on 
each  side,  the  rear  chamber 
would  become  partially  or 
wholly  filled  with  air,  and 
the  equilibrium  destroyed. 

This  method  of  balancing  the  lateral  thrust  on  disk  impellers 
was  first  applied  by  the  writer  in  1886,  and  is  believed  to  be 
more  reliable  than  double  inlets.  It  may  be  described  as  pro- 
viding for  equal  centrifugal  action  on  each  side  of  the  plate  or 
disk,  but  performing  the  whole  work  of  propulsion  on  one 
side. 

Attention  is  called  to  the  curves  and  course  of  the  water 
through  the  pump  shown  in  fig.  2.  Such  easy  curves  are  not 
attainable  in  double-inlet  pumps,  but  very  nearly  so  in  another 
method  of  balancing  plate  or  disk  impellers  next  to  be  ex- 
plained. 

This  method,  shown  in  fig.  8,  is  one  of  recent  invention,  and 
apparently  the  most  complete  that  has  been  discovered.  It 
consists,  as  can  be  seen,  in  receiving  the  water  at  one  side  of 
the  pump,  thereby  attaining  the  several  advantages  of  that 
method  already  pointed  out,  and  has  the  same  balancing  effect 
that  is  attained  by  a  double  inlet,  but  avoids  the  short  curves 
and  consequent  obstruction  that  seems  inseparable  from  the 
double-inlet  method  ;  also  avoids  placing  the  shaft  or  spindle 
through  the  inlet  pipe  or  pipes.  The  water  passes  in  equal 
volume  on  each  side  of  a  disk  or  web,  a,  the  outer  and  inner 
annulus  in  and  n  being  equal  in  area.  The  curves  are  easj 
and  the  construction  strong,  because  the  disk  or  weh  a  acts  as 
a  continuous  brace  between  I  lie  vanes  , . 

The  distinction  from  the  method  of  balancing  last  described 
is  not  only  in  the  manner  oi  operating,  but  also  in  the  con- 
struction of  the  impeller  itself.  In  the  present  case  the  vanes 
rise  out  of  the  boss  or  hub  the  same  as  with  an  open  impeller. 


4i6 


THE    AMERICAN    ENGINEER 


[September,  1894. 


tin-  disk  a  forming  only  a  web  or  brace  for  the  vanes.  In  fig. 
2  the  disk  itseli  is  the  main  member,  the  vanes  being  set  thereon 
in  Ihe  form  of  ribs. 

BALANCING    ENCASED    IMPELLERS. 

When  the  impellers  of  centrifugal  pumps  are  encased,  as 
show  d  in  1  i lt .  5,  the  compensation  of  lateral  thrust  is  an  easier 
pmblem  in  one  iespeet,  and  a  much  more  difficult  one  in  an- 
other respect.  The  unbalanced  area  is  only  that  of  the  inlet  a 
less  the  area  of  the  driving  shaft's  section,  and  the  up-thrust 
in  this  case  is  as  these  areas  taken  with  the  discharge  pressure, 
but  there  is  the  difficulty  in  all  forms  of  encased  impellers  of 
maintaining  running  joints  that  permit  waste  by  circulation. 

Supposing  the  pump  shown  in  fig.  5,  which  is  repeated  here 
for  convenience  of  reference,  to  be  constructed  to  operate 
against  a  head  of  75  ft.  ;  to  be  of  6  in.  bore,  and  have  an  im- 
peller 30  in.  in  diameter,  and  Ihe  weight  of  the  shaft  and  other 
parts  lo  be  balanced  1,500  lbs.  These  pro- 
portions follow  average  practice  for  pit 
pumps  in  California,  and  the  type  as  drawn 
is  from  designs  by  the  writer  made  in  1886. 
The  discharge  pressure,  counting  5  ft.  of 
head  for  flow  or  frictioji,  will  be  34.4  lbs. 
per  inch.  Dividing  the  gravity  load  by  this 
pressure  gives  about  35  in.  of  unbalanced 
area  required  to  sustain  the  vertical  load. 
This  calls  for  an  inlet  area  11.2  in.  diameter, 
which,  taken  over  the  outside  of  the  impeller 
nozzle  at  a,  gives  a  bore  of  9|  in.,  an  average 
inlet  for  a  6-in.  pump  of  this  kind. 

It  is  a  circumstance  worthy  of  note  that 
with  pit  pumps  of  the  kind  here  illustrated 
the  thrust  due  to  an  inlet  nozzle  of  the 
proper  size  will  balance  a  shaft  of  the  re- 
quired dimensions  to  transmit  the  power, 
the  increment  of  weight  for  the  shaft  and 
increment  of  pressure  due  to  head  follow- 
ing in  the  same  proportion. 

In  the  case  of  horizontal  pumps  with  encased  impellers,  and 
an  inlet  at  one  side  only,  the  thrust  cannot  be  compensated  by 
weight  as  in  vertical  pumps,  and  is  attained  in  several  ways  ; 
for  example  :  by  leaving  the  center  around  the  shaft  open,  by 
a  balancing  plate  opposite  to  the  inlet,  or  by  revolving  hydrau- 
lic pistons. on  the  pump  shaft  subjected  to  pressure  from  the 
discharge  water. 

Since  the  above  was  written  there  has  been  received  from 
Mr.  CI.  W.  Price,  of  San  Francisco,  some  particulars  of  a 
method  of  balancing  impellers  by  means  of  pistons,  as  above 
mentioned,  that  has  the  advantage  of  ready  adjustment  for 
varying  heads  and  speed,  and  is  applicable  to  pumps  of  any 
kind. 

The  drawings  in  figs.  9  and  10  are  taken  from  the  patent 
specification  of  Mr.  Price,  tig.  9  showing  a  balancing  or  thrust 
piston  placed  above  the  pump,  and  in  fig.  10  placed  beneath 
tin-  pump,  the  force  of  the  pistons  being  upward  in  both  cases, 
and  receiving  pressure  from  the  discharge-way  by  means  of 
connecting  pipes  as  shown.  As  there  is  unavoidably  a  leak  of 
water  around  these  pistons,  it  follows  that  the  pressure  on 
them  can  be  regulated  by  adjustable  cocks  in  the  supply  pipes. 

In  fig.  9  the  piston  is  compound,  receiving  pressure  from  the 
discharge  way  on  an  annulus,  and  a  counter-force  for  adjust 
merit  from  the  suction  acting  on  the  central  piston.  As,  how- 
ever, pistons  thus  mounted  on  the  pump  spindle  and  fitting  in 
fixed  cylinders  arc  subject  to  wear,  Mr.  Price  has  adopted  a 
"  floating"  cylinder  for  the  balancing  piston,  as  shown  in  fig. 
11,  which  is  a  vertical  section  through  the  main  bearing  and 
balancing  piston  as  now  applied  to  a  number  ol  pumps  by  the 
San  Francisco  Tool  Company.  In  this  ease  it  will  be  seen  that 
the  balancing  piston  fits  into  a  short  cylinder  capable  of  lateral 
movement  in  case  the  pump  spindle  and  piston  do  not  run  true. 
The  pipe  below  connects  to  the  pump  discharge,  and  the  one 
above  carries  off  waste  water  that  passes  the  piston  anil  does 
nut  find  its  way  out  through  the  spindle  bearing,  which  is  in 
this  manner  flooded  with  water. 

In  pumps  having  encased  impellers  there  must  always  be,  as 
before  remarked,  a  good  deal  of  loss  by  reason  of  water  escap- 
ing "i'  circulating  around  inlet  nozzles.  Whatever  escapes 
over  the  periphery  of  the  impeller  Hows  back  to  the  inlet  and 
is  forced  through  there  with  the  whole  pressure  due  to  the  dis- 
charge head. 

The  salest  way  is  to  place  shallow  vanes  on  the  exterior 
sides  "f  the  impellers,  ami  set  upcentrifugal  action  against  the 
sideplates  of  the  pump.  This  will  prevent  back  How  and  cir- 
culation without  any  loss  whatever  if  the  side  plates  are  I  rue 
on  the  inside.  An  encased  impeller  of  any  form  must  either 
set  the  water  in  revolution  at  its  sides,  or  else  have  running 


joints  to  maintain  against  back  flow  and  circulation.  This  the 
writer  knows  is  not  a  commonly  accepted  fact,  or  understood 
by  milkers  of  centrifugal  pumps,  but  accounts,  no  doubt,  for 
the  very  uniform  practice  in  Europe  of  employing  open  or 
disk  impellers.  Balancing  by  double  inlets  will  be  noticed  in 
a  future  place. 

THE   FORM    OK    VANES. 

There  has  been  frequent  complaint  of  the  failure  to  derive 
useful  facts,  or  suggestion  even,  from  the  literature  such  as 
exists  on  the  subject  of  centrifugal  pumps.  Such  complaint 
must  continue.  In  a  work  on  pumps,  now  lying  at  band,  there 
is  a  table  to  show  the  increased  efficiency  attained  by  Appold 
with  curved  vanes.  "  These  experiments  of  Appold."  the  au- 
thor remarks,  "  showed  that  the  efficiency  of  a  pump  mainly 
depends  on  the  form  of  the  blades  of  the  fan."  A  table  shows 
that  radial  flat  vanes  gave  an  efficiency  of  24  per  cent.,  angulai 


flat  vanes  43  per  cent. , 
and  curved  vanes  Go 
per  cent.,  the  head  be- 
ing 18  ft. 

It  is  hard  to  conceive  what  the  circumstances  were  under 
which  such  results  were  obtained,  unless  it  was  within  what 
may  lie  called  the  flow  limit.  For  example,  a  certain  number 
of  revolutions  will  raise  the  water  to  a  given  head,  and  10  to 
15  per  cent,  of  added  speed  will  cause  a  normal  flow.  The 
form  of  the  vanes  may  have  a  good  deal  to  do  with  this  in  so 
far  as  modifying  speed  owing  to  the  friction  of  the  vane  tips 
and  some  other  causes.     The  results  stated  must  have  been 


caused  by  not  adapting  the  speed  of  the  vanes  to  their  form, 
Otherwise  there  is  no  alternative  but  to  call  them  nonsense. 

This  Appold  experiment,  and  Some  others  of  the  kind  as 
well,  give  wrong  inferences  to  those  not  able  to  understand 
the  nature  of  forces  at  work,  anil  have  led  to  a  widespread 
opinion  that  the  form  of  the  vanes  is  a  very  important  matter, 
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whereas  experience,  us  well  us  rational  inference  ami  analysis, 
must  show  that  aside  from  the  dragging  friction  of  the  vane 
tips  their  form  is  In  common  designs  a  matter  of  no  conse- 
quence, or  of  little  consequence. 

In  a  pump  operating  under  heads  from  10  to  50  ft.,  where 
the  tangential  energy  is  a  considerable  factor  in  the  effect,  the 
vanes  should  conform  as  nearly  as  possible  to  the  How  of  water 
from  the  center  to  the  periphery  of  the  impeller,  but  divergence 
from  this  is,  as  before  said,  of  little  consequence. 

The  function  of  the  vanes  is  to  set  the  water  in  revolution, 
and  at  heads  exceeding  40  ft.,  is  but  little  more  ;  the  most  im- 
portant matter  being  the  drag  or  friction  of  their  tips  on  the 
discharge  water  in  the  pump  chamber  beyond  the  vanes.  To 
make  this  understood  it  will  be  necessary  to  again  refer  to  the 
velocities  of  the  impeller  and  discharge  water  around  it.  The 
discharge  ilow  is  constant,  and  arranged  at  from  5  to  10  ft.  per 
second,  commonly  about  8  ft.  At  a  head  of  50  ft.  the  velocity 
of  the  impeller  will  be 
about  50  ft.  per  second, 
or  compared  to  the  dis- 
charge flow,  more  than 
six  times  as  great,  so  the 
tips  of  the  vanes  in  every 
50  ft.  of  movement  must 
drag  40  ft.  over  the  dis- 
charge water.  This  fric- 
tion is  a  frequent  source 
of  loss  in  centrifugal 
pumps,  and  in  one  ex- 
periment tried  by  the 
writer  showed  that  25 
per  cent,  of  the  power 
applied  was  consumed 
by  retardation  thus 
caused. 

This  is  a  reason  for 
reducing  the  dimension 
e  in  flg.  2  to  its  lowest 
limits,  narrowing  the  tips  of  the  vanes  and  reducing  the 
friction  accordingly,  but  the  point  to  be  presented  here  is  that 
as  the  head  and  velocity  of  the  impeller  increases,  the  vanes 
should  be  narrower  at  their  tips  and  terminate  more  tangen- 
tially.  The  tips  are,  in  fact,  all  that  need  be  considered. 
These  should  change  from  a  curve  forward  for  low  heads,  as 
shown  in  flg.  3,  to  a  true  tangent,  or  as  nearly  that  as  possible 
for  heads  of  40  ft.  or  more. 

To  show  the  absurdity  of  imputing  efficiency  to  a  form  of 
impeller  vanes,  one  need  go  no  further  than  the  practice  of 
Messrs.  J.  &  H.  Gwynne,  of  London,  and  of  Mr  Charles 
Brown,  of  Sulzer  Bros.,  Winterthur,  Switzerland.  Drawings 
of  the  vanes  designed  by  Mr.  Brown,  shown  in  tig.  12,  are 
taken  from  a  communication  by  him  to  Engineering,  London, 
about  eight  years  ago,  and  which  wc  reproduce  as  follows  : 

To  the  Editor  of  Engineering  : 

Sir  :  The  explanation  given  by  your  correspondent  in  No. 
1,602  of  the  reason  why  the  circumferential  velocity  of  cen- 
trifugal pumps  does  not  need  to  attain  the  value  V'i  g  h  may 
be  one  reason,  but  not  the  only  one.  About  1856  I  carried  out 
a  series  of  experiments  to  determine  the  best  forms  and  propor- 
tions of  centrifugal  pumps,  and  found  that  the  form  of  the 
blades  had  a  very  great  influence  on  the  circumferential  speed 
required.  The  annexed  sketch,  fig.  12,  shows  the  forms  of  vanes 
experimented  on  ;  the  total  lift  was  in  all  cases  45  it.,  the  inner 
and  the  outer  diameters  of  the  disks  as  1  and  3.  To  hold  the 
water  at  this  height,  but  without  any  discharge  : 

No.  1  required  just  V2  g  h. 

No.  2        "         considerably  more. 

No.  3         "        still  more. 


Fig.   12. 


No.  4 


0  82  X  V2  9  h. 


No.  4  form  was  the  best  in  every  respect,  and  I  continued 
to  use  it  from  the  time  the  experiments  were  made  to  the  pres- 
ent day.  C.  Brown. 

The  first  clause  of  this  communication  furnishes  the  secret 
of  the  Appold  tables  before  referred  to,  and  the  whole  indicates 
the  value  that  can  be  placed  on  the  form  of  vanes.  One  would 
be  at  a  loss  to  refer  to  any  higher  authority  than  the  able  en- 
gineer above  quoted,  and  to  suppose  that  Messrs.  Sulzer  Bros., 
one  of  the  most  eminent  firms  in  the  world,  would  construct 
centrifugal  pumps  of  low  efficiency  is  not  aupposable  at  all. 

The  writer  in  his  own  practice  has  not  made  experiments  to 
determine  the  efficiency  and  speed  resulting  from  vanes  of 
different  forms,  and  has  never  considered  it  necessary  to  do 
so.  It  is  one  thing  in  centrifugal  pump  construction  that 
seems  to  be  within  easy  and  rational  analysis.  The  main 
thing,  and  that  which  has  led  to  the  many  absurd  statements, 


is  the  change  required  in  circumferential  velocity  by  the  form 
of  the  vanes  and  the  effect  of  dragging  action  on  the  discharge 
water  by  vanes  not  terminating  in  a  proper  shape  where  pumps 
are  to  operate  against  high  heads. 

CUT-OFF   OR   BAFFLING    VANES. 

By  this  term  is  meant  the  web  or  vane  shows  at  s  in  tig.  1. 
These  have  also  been  set  up  as  an  important  element  govern- 
ing the  efficiency  of  centrifugal  pumps,  in  fact,  almost  every- 
thing has  been  so  considered  except  the  paint  on  the  outside, 
and  the  wonder  is  that  this  has  not  been  included  among  the 
factors  relating  to  pump  performance. 

The  value  of  these  cut-off  plates,  which  in  the  Parson's  ex- 
periments showed  an  effect  equal  to  one  third  of  the  duty,  is 
sufficiently  indicated  by  the  fact  that  one  of  the  principal 
makers  on  this  coast,  who  has  constructed  a  great  many  suc- 
cessful pumps  of  all  sizes,  discards  this  cut-off  vane  altogether. 
Like  the  form  of  vanes  it  is  one  thing  that  admits  of  rational 
treatment,  in  so  far  that  such  cut-off  plates  can  do  no  harm. 
Tangential  energy,  which  these  plates  or  throats  are  supposed 
to  intercept  and  direct,  does  not  take  place  at  the  point  of  dis- 
charge any  more  than  at  other  points  around  the  impeller,  and 
the  main  function  is  to  propel  the  "  slip"  between  the  impeller 
and  discharge  water  to  take  place  in  a  line  close  around  the 
periphery,  instead  of  in  a  volute  path. 

As  has  been  frequently  pointed  out,  the  circumferential 
velocity  of  an  impeller  is  much  greater  than  that  of  the  dis- 
charge water  arouud  the  impeller.  At  a  head  of  25  ft.  this 
difference  is  as  one  to  five,  or  thereabout,  and  the  "  slipping" 
velocity  is  four-fifths  that  of  the  impeller.  The  cut-off  vanes 
determine  the  situation  radially  of  this  line  of  slip,  and  whether 
it  takes  place  at  the  tip  of  the  blades  in  one  circle,  or  whether 
it  takes  place  in  what  may  be  called  volute  strata,  between  the 
impeller  and  discharge  water,  can  only  be  a  matter  of  immate- 
rial difference.  It  is  best  to  employ  such  vanes,  for  the  follow- 
ing reasons  :  It  meets  common  opinion  as  to  the  best  form  of 
construction.  It  can  do  no  harm,  and  makes  a  strong  tie  or 
connection  between  the  side  plates  at  that  point.  The  follow- 
ing circumstance  is  the  nearest  to  decisive  experiment  that  can 
be  referred  to. 

The  writer  in  1885  designed  for  a  San  Francisco  firm  a  dredg- 
ing pump  to  be  employed  in  lifting  silt  from  the  bay  and  send- 
ing it  ashore  in  long  pipes.'  The  pump  casing  was  of  rectangu- 
lar section  around  the  impeller,  volute  in  form  and  terminated 
at  the  discharge  with  a  throat  or  passage  of  6  in.  clear  of  the 
vanes.  The  engineer  of  the  firm  insisted  on  having  a  cut-off 
plate,  which  was  made  of  steel  \  in.  thick,  and  set  in  at  a 
proper  angle,  and  to  clear  the  vanes  by  |  in.  The  pump  was 
arranged  with  an  open  gauge  pipe  16  ft.  high,  by  means  of 
which  the  discharge  friction  head  could  be  observed  with  pre- 
cision. The  man  in  charge  of  the  machinery  was  informed 
that  the  throat  piece  or  cut-off  would  probably  "go  out"  as 
soon  as  a  bowlder  or  some  scrap  iron  went  through  the  pump, 
and  in  that  case  he  was  to  observe  the  speed,  friction  head,  and 
any  change  in  the  operation  of  the  pump. 

The  dredging  operations  were  being  carried  on  in  a  place 
where  a  great  deal  of  iron  scrap  had  been  unloaded  from  ves- 
sels, and  it  was  but  a  short  time  when  the  cut  off  throat  was 
carried  away,  and  sent  out  in  the  shore  pipes.  The  man  in 
charge,  a  good  mechanic,  and  now  a  member  of  a  well-known 
firm  of  hydraulic  engineers  in  San  Francisco,  reported  that  no 
change  could  be  detected  in  any  way  when  the  throat  piece 
was  knocked  out,  and  he  preferred  having  no  obstruction  of 
the  kind  in  the  pump  again. 

DOUBLE   INLET    I'UMPS. 

In  treating  upon  the  subject  of  balancing  the  impellers  of 
centrifugal  pumps,  double  inlets  were  not  included  among  the 
means  by  which  this  could  be  accomplished,  because  this  plan 
of  construction  involves  a  good  deal  besides  balancing.  There 
are  a  great  many  among  both  makers  and  users  of  such  pumps 
who  think  there  is  no  other  way  to  operate  an  impeller  in 
equilibrium  except  to  make  it  symmetrical  on  each  side  of  a 
pump,  and  provide  a  forked  suction  pipe  with  an  inlet  il  rath 
side.  This  opinion,  which  is  afler  all  not  to  be  wondered  at 
when  the  complexity  of  this  balancing  matter  is  considered, 
bus  been  the  cause,  no  doubt,  of  pumps  being  made  \\itli 
double  inlets,  against  all  the  objections,  mechanical  and  other, 
that  applies  to  this  system. 

The  objections  to' double  or  forked  inlets  are  :  1.  The  im- 
possibility of  securing  easy  entering  curves.  2.  inconvenience 
of  access'  and  expense  of  fitting.  3.  The  spindles  passing 
through  and  obstructing  the  inlet  pipes,  1.  inaccessibility  oi 
the  suction  pipe  by  reason  of  its  being  under  the  pump.  5. 
Reducing  the  inlet  areas  by  dividing  them  into  two  paits  with 
a  sharp  ledge  to  catch  obstructions.  6.  Preventing  the  dis- 
charge case  from  being  set  at  various  angles  independent  of 
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the  suction  pipes.  To  these  objections  can  be  added  general 
complication  and  expense  not  required.  In  land  drainage 
operations  on  the  Pacific  Coast,  and  presumably  everywhere, 
double-inlet  pumps  are  liable  to  obstruction  by  tule  roots,  bean 
straw,  weeds  and  other  kinds  of  debris  that  is  unavoidably  car- 
ried into  the  sumps. 

1  lu  the  case  of  double-inlet  pumps  where  the  suction  pipes 
are  separate,  and  constitute  framing  on  which  the  pump  cham- 
ber is  supported,  there  is  a  considerable  saving  of  material  and 
ral  of  the  objections  before  named  do  not  apply.  There  is 
the  advantage  for  low  heads  of  making  the  impeller  much 
smaller  in  diameter,  and  this  permits  smaller  dimensions  in  all 
parts,  the  general  dimensions  of  centrifugal  pumps  being  ap- 
proximately as  the  square  of  the  diameter  of  the  fans  or  im- 
pellers. 

As  to  balancing  by  a  double  inlet,  this  applies  only  to  hori- 
zontal pumps,  and,  as  has  been  explained,  can  be  attained  in 
other  ways  than  by  double  inlets,  at  less  expense,  with  easier 
curves  and  a  more  symmetrical  construction. 

CKNTRIF0GA1   DREDGING   PUMPS. 

One  of  the  most  successful  applications  of  centrifugal  pumps 
has  been  for  dredging  purposes,  raising  and  impelling  silt. 
sand  and  gravel  from  the  bottom  of  rivers  and  harbors.  This 
work  has,  to  a  great  extent,  been  done  with  what  may  be  called 
water  pumps,  such  as  have  been  heretofore  described,  but  for 
successful  working  a  very  different  type  is  required. 

The  casing  should  be  rectangular  so  as  to  avoid  to  a  consid- 
erable extent  the  friction  of  tenacious  material,  and  to  dis- 
tribute the  impingement  from  the  impeller  over  a  larger  area. 
also  to  permit  a  detachable  lining  that  is  easily  replaced.  As 
an  angular  section  for  the  pump  chamber  calls  for  an  impeller 
of  parallel  width,  there  is,  of  course,  some  loss  of  efficiency, 
because  of  the  change  of  velocity  from  the  inlet  to  the  dis- 
charge chamber,  but  in  dredging,  efficiency  is  not  the  first 
thing  to  be  considered  in  designing  centrifugal  pumps.  The 
main  thing  is  endurance  against  accident  and  wear.  The  pump 
itself  is  but  one  element  among  a  number  that  make  up  a  dredg- 
ing plant,  and  the  main  point  is  to  keep  ali  in  constant  operation. 

In  pumping  silicious  material  that  is  heavy,  especially  fine 
sand,  if  a  pump  stops  while  the  discharge  pipes  are  filled  with 
spoil,  it  settles  on  the  bottom  and  packs  so  as  to  be  difficult  to 
dislodge.  The  main  thing  is  to  "  keep  going,"  and  whatever 
tends  to  security  in  this  direction  is  more  important  than  a  high 
efficiency  of  a  pump.  An  open-vane  impeller  is  preferable, 
because"  it  affords  no  chance  for  the  lodgment  of  stones,  or 
other  obstructions  drawn  in.  also  because  the  vanes  can  be 
made  elastic,  which  is  a  very  important  matter,  as  it  avoids 
danger  of  fracture  when  solids  pass  through. 

The  discharge-way  should  be  at  the  bottom,  so  that  solids 
will  not  have  to  be  "  thrown  over"  but  may  pass  out  as  soon 
as  clear  from  the  vanes,  also  to  avoid  charging,  which  is  an 
annoyance  and  causes  delay.  Steel  or  wrought  iron  is  the  most 
suitable  material  for  dredging  impellers.  The  writer  has,  in 
two  cases,  one  for  a  pump  of  200  H.P.  and  one  for  a  pump  of 
400  H.P.,  used  successfully  five-vaned  impellers  of  cast  steel, 
but  these  are  open  to  the  objection  of  requiring  complete  re- 
newal if  worn  or  fractured,  and  it  is  proposed  in  future  cases 
to  employ  plates  of  steel  riveted  to  a  square  extension  of  the 
shaft,  as  shown  in  fig   3,  but  with  heavier  proportions. 

Iu  river  dredging,  such  as  is  carried  on  in  the  Clutha  River, 
in  Xew  Zealand,  the  Murray  River  in  Australia,  and  in  the 
rivers  of  California,  dredging  pumps  should  be  arranged  with 
large  catch  chambers  in  the  suction  pipes,  otherwise  the  pumps 
have  to  be  arranged  to  pass  without  injury  stones  as  large  as 
will  go  through  the  pipes.  This  is  possible,  but  produces  a 
good^leal  of  distortion  in  the  design.  In  no  case  is  there  such 
ill  adaptation  of  centrifugal  pumps  as  for  dredging,  which  is 
not  to  be  wondered  at  perhaps,  when  practice  is  so  diversified 
tor  common  purp 

EFFICIENCY    OF    CENTRIFUGAL   PUMPS. 

Under  this  head  is  to  be  noted  the  singular  fact  that  the 
commercial  efficiency  of  centrifugal  pumps  is  continually  con- 
sidi  red  in  their  sale,  and  stipulated  for  in  contracts  while  no 
such  guarantee  is  expected  or  even  inquired  about  in  the  case 
of  piston-pumps  of  the  trade  types.  The  reason  of  this  is,  no 
doubt,  mainly  accidental,  growing  out  of  the  new  pumps  being 
a  kind  of  mysterious  machine  that  can  be  driven  within  30  per 
cent  of  the  working  speed  and  produce  no  result. 

Positive  pumps  of  all  kinds,  or  indeed  all  but  centrifugal 
pumps,  discharge  water  in  proportion  to  their  rale  of  motion, 
hence  there  is  a  distrust  of  efficiency  in  centrifugal  pumps,  n<  it  t<  1 
In  wondered  at.  when  such  a  pump  may  l>e  driven  at  nine-tenths 
-  normal  speed  and  discharge  no  water  at  all.  In  most  of 
the  experiments  that  have  been  published,  the  main  element  of 
all,  the  speed  of  impellers,  has  not  been  varied  and  the  results 


included.  There  is,  in  fact,  no  way  of  predetermining  the 
speed  of  a  centrifugal  pump,  except  by  the  velocity  of  the  dis- 
charged water,  and  changes  of  this  velocity  may  greatly  vary 
the  working  efficiency,  or,  as  said,  stop  the  work  altogether. 

The  most  careful  and  extended  experiments  for  efficiency 
known  to  the  writer  have  been  those  at  Ferrari.  Italy  where 
six  laige  pumps  of  42  in.  bore  have  been  tested  for  efficiency  a 
number  of  times  over  a  period  of  years,  showing  a  result  of 
about  65  per  cent,  of  the  engine  power  in  water  raised.  Equal 
or  better  results  have  been  attained  with  some  of  the  recent 
plants  for  draining  purposes  erected  here  in  California,  and  it 
is  safe  to  assume  that  for  large  pumps  and  heads,  not  exceed- 
ing 20  ft.,  an  efficiency  of  70  per  cent,  should  be  realized  from 
this  time  forward.  For  greater  heads  and  smaller  pump^  the 
efficiency  falls  off  for  several  reasons.  The  f  rictional  surfaces 
of  the  pipes  and  waterways  increase  as  their  size  is  diminished, 
and  the  friction  of  impellers  as  the  square  of  their  diameter) 
One  authority,  before  quoted,  claims  that  the  sum  of  resistances 
in  centrifugal  pumps  increases  as  the  cube  of  the  velocity. 
What  this  may  mean  is  not  easy  to  discern.  If  velocity  of  the 
water  is  meant,  an  increase  from  6  ft.  to  8  ft.  per  second  would 
call  for  2.37  times  as  much  power  to  raise  a  given  amount  of 
water,  or  an  increase  from  5  ft.  to  10  ft.  per  second,  which  is 
within  the  working  range  of  such  pumps,  would  demand  an 
increase  of  power  as  8  to  1. 

If,  on  the  contrary,  the  velocity  of  the  impeller  is  meant, 
this  is  as  the  square  root  of  the  head,  and  its  cube  root  has  no 
application  supposable.  For  example,  for  heads  of  9  and  36 
ft.,  the  square  roots  will  be  3  and  6,  or,  conveited  to  impeller 
velocity,  24  and  48  ft.  per  second  respectivelv.  The  cubes  of 
these  quantities  are  13,824  and  110,592,  or  8  to  1. 

The  true  factor  of  resistance  is  the  head,  or  its  resultant  the 
velocity  of  the  impeller,  and  a  safe  rule  is  to  assume  a  possible 
efficiency  of  65  per  cent,  for  pumps  of  12  in.  and  more  in  bore, 
and  for  heads  of  20  ft.  or  less.  For  small  pumps  and  heads 
from  20  to  100  ft.,  deduct  1  per  cent,  from  efficiency  for  each 
2i  ft.  of  added  head.  This  may  not  be  scientific  or  mathe- 
matical, but  it  is  very  nearly  true,  which  is  the  important  point 
to  be  learned,  and  makers  of  centrifugal  pumps  will  find  it  to 
accord  with  fair  experiments.  As  the  question  may  be  asked, 
and  properly  too,  howT  such  a  rule  was  arrived  at,  the  answer 
is,  by  providing  steam  power  to  raise  water  for  irrigating  pur- 
poses in  California,  and  for  heads  from  40  to  127  ft.  There  are 
at  least  one  hundred  plants  of  the  kind  in  the  Santa  Clara  Val- 
ley, where  observations  can  be  made  to  determine  the  consump- 
tion of  power  in  proportion  to  the  head  of  resistance.  In  this 
increase  of  f rictional  resistance  lies  the  limitation  of  centrifu- 
gal pumping  in  respect  to  the  head.  In  piston  pumps  fric- 
tional  resistance  increases  but  little  with  added  head  and  press- 
ure, being  only  that  of  flow  and  of  machine  bearings.  But  in 
centrifugal  pumps  friction  at  the  sides  and  periphery  of  im- 
pellers increases  in  some  proportion,  as  indicated.  It  is  a  mat- 
ter not  very  well  understood,  and,  so  far  as  known,  the  only 
data  to  be  referred  to  are  the  experiments  of  Professor  F.  G. 
Hesse,  of  the  University  of  California,  which  will  be  referred 
to  in  his  contribution  before  noted. 

A  head  of  127  ft.  is  above  mentioned.  This  is  the  highest 
that  has  been  attempted,  and  is  for  raising  water  from  wells  at 
the  city  water  works,  San  Jose,  California.  The  limitation  in 
this  direction  is  not  known,  the  present  lifts  being  from  water- 
bearing strata  tolerably  uniform  in  depth,  and  from  which  the 
water  rises  to  within  the  distances  named  cf  the  required  dis- 
charge level. — Industries.', 

(TO  BE   CONTINUED.) 


POLE  AND  ROPE  CONSTRUCTION  STAGING. 


By  James  F.  Hobart,  Brooklyn,  N.  Y. 


A  form  of  staging  well  adapted  for  heavy  construction 
work,  such  as  brirk,  terracotta  and  small  cut  stone  material, 
is  illustrated  by  the  accompanying  engraving  (fig.  1).  This 
staging,  or  the  framework  thereof,  is  constructed  entiiely  of 
poles  and  ropes.  The  former  are  of  spruce,  from  12  ft.  to  50 
ft.  long,  and  are  inside  of  6  in.  in  diameter  at  the  large  end, 
and  not  less  than  2±  in.  in  diameter  at  the  top.  Spruce  poles 
are  preferable  in  sections  of  the  country  to  which  they  are  in- 
digenous. Spruce  poles  are  light,  stiff  and  strong.  They  are 
also  comparatively  cheap. 

Well-dried  pine  saplings  may  be  used  for  Btaging  purposes, 
but  they  are  not  as  strong  as  spruce,  therefore  the  staging  con- 
structed of  pine  will  not  carry  as  great  a  load  as  when  built  of 
spruce.  Yellow  pine  poles  make  an  excellent  stage,  but  the 
timber  is  much  heavier  than  spruce,  consequently  the  labor  of 
building  is  greater.  Ordinary  white  birch  (gray  birch)  has 
been  employed  to  advantage  in  localities  where  that  wood 
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abounds.  The  resulting  stage  is  very  strong,  but  the  wood  is 
fully  as  heavy  as  yellow  pine.  In  tropical  countries,  where 
bamboo  abounds,  a  more  desirable  timber  for  "  rope  and  pole" 
stagings  could  not  be  conceived. 

The  rope  usually  employed  is  "  three- eighths"  or  "  half- 
inch"  hemp.  Cotton  rope  is  good  ;  but  Manilla  rope  seems  to 
be  avoided  by  the  stage  builder — this  kind  of  rope,  being 
harder,  does  not  adapt  itself  to  the  work  as  readily  as  the  softer 
varieties,  which  cling  like  a  glove  to  the  smoothest  pole.  If 
the  staging  is  to  stand  for  a  long  time,  say  several  months  be- 
fore removal,  tarred  rope  may  be  used  to  advantage.  This 
kind  of  Manilla  rope  will  "  cling  ;"  but  if  a  rope  is  to  be  used 
in  its  natural  state,  choose  one  of  the  "  soft"  vaiieties  men- 
tioned above. 

"The  staging  illustrated  by  rig.  1  has  not  a  nail  in  it,  and  the 
material,  when  removed,  will  be  just  as  good  for  another  stage 
as  it  was  when  new.     There  are  no  nails  to  pull  out,  break  off 


light  work  and  for  walls  not  very  high.  For  high  or  heavy 
work  girts  should  be  lashed  on  at  every  staging. 

Another  girt  has  been  started,  as  shown  at  the  upper  left- 
hand  corner  of  tig.  1.  This  girt  will  come  about  right  to  re- 
ceive a  set  of  ledgers  after  the  wall  has  been  built  up  bj'  a 
double  tiei  of  the  horses  shown  at  the  left.  It  is  supposed  that 
the  stage  to  be  built  on  the  top  girt  terminates  the  height  of 
this  stage.  It  will  not  stand  building  to  a  greater  height,  be- 
cause there  will  be  nothing  to  stay  the  poles  between  the  upper 
and  lower  girls  after  the  planking  has  been  removed  from  the 
second  tier  of  ledgers.  In  order,  then,  to  make  this  stage 
available  for  heavy  work,  every  tier  of  ledgers  must  be  sup- 
plied with  a  row  of  girt  poles.  Indeed,  for  the  very  heaviest 
work  girt  poles  are  lashed  on  for  every  second  stage,  using  only 
one  row  of  horses  between. 

P.racing  may  be  applied  when  necessary,  and  the  bracing 
may  be  lashed  on  and  consist  of  poles  of  a  smaller  size  if  they 


Fig.  1. 
POLE  AND  ROPE  CONSTRUCTION  STAGING. 


or  to  split  the  material,  as  is  the  case  when  the  ledgers  are  made 
of  boards  or  plank  and  nailed  or  spiked  to  the  parts.  As 
shown  in  the  illustration,  the  staging  consists  of  four  parts  be- 
side the  ropes — viz.,  the  posts,  girders,  ledgers  and  flooring. 

There  are  two  good  methods  of  erecting  this  form  of  staging, 
but  one  of  which  is  shown  in  fig.  1  ;  the  other  method  consists 
of  putting  the  first  row  of  girt  poles  8  ft.  from  the  ground  in- 
stead of  4  ft.,  as  in  the  example  illustrated.  Either  way  is 
good,  according  to  circumstances  and  material.  In  the  exam- 
ple illustrated  the  poles  are  set  into  the  ground  about  6  in., 
merely  to  sustain  them  in  a  vertical  position  until  the  second 
row  of  ledgers  has  been  put  in  place. 

The  method  illustrated  is  preferable  with  short  poles,  but 
when  long  ones  are  to  be  used  the  wall  may  be  built  up  about 
8  ft.  by  the  use  of  a  double  tier  of  horses  and  planking,  then 
the  first  ledger  poles  knotted  on  at  the  right  height  to  receive 
ledger  poles  for  the  third  staging.  That  would  bring  the  first 
row  of  girt  poles  up  to  where  the  second  row  of  ledgers  in  fig. 
1  are  lashed  directly  to  the  post  poles  without  the  use  of  a  girt. 
This  method,  shown  by  tig.  1,  answers  well  for  comparatively 


are  to  be  had.  In  general  practice,  however,  the  same  size  of 
pole  is  used  alike  for  post,  girt  and  brace.  Near  the  center  of 
the  illustration  a  tower  is  shown,  which  was  constructed  to  ac- 
commodate the  "  steam  Irishman,"  or  power  hod  carrying  de- 
vice. The  construction  of  the  tower  is  very  plainly  shown  in 
the  engraving,  and  no  description  is  necessary  except  to  state 
that  sometimes  the  pole  girts  of  the  tower  are  omitted  and 
board  girts  nailed  on  instead.  But  theie  is  no  need  of  this, 
and  the  "  all  pole"  tower  can  be  made  to  fill  the  bill  com- 
pletely. 

Usually  but  one  brick  is  left  out  of  the  wall  for  each  ledger, 
the  small  end  of  the  short  piece  of  pole  being  let  into  the  wall, 
the  larger  end  being  lashed  to  the  post.  A  thin  wedge  driven 
in  on  top  of  each  ledger  pole  docs  away  with  any  possibility 
of  the  pole's  coming  out  of  the  wall.  It  also  stiffens  the  entire 
staging  to  a  great  extent.  This  staging  may  be  extended  to 
any  required  height  within  limits  of  the  strength  of  the  mate- 
rial used,  and  as  soon  as  the  staging  gels  high  enough  to  en- 
able the  workman  to  reach  the  top  of  a  pole,  it  should  be  spliced 
by  holding  up  another  pole  aud  lashing  it  securely  to  the  lower 
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pole.    Three  men  are  needed  to  do  this— two  to  hold  the  pole 
in  position  and  one  to  apply  the  rope. 

A  fastening  like  that  shown  by  fig.  2  is  the  proper  way  to 
apply  the  rope.  It  will  be  seen  that  the  fastening  is  com- 
menced at  the  bottom,  and  ends  at  the  top,  where  the  end  of 
the  rope  is  fastened  by  tucking  it  down  between  the  winding 
and  the  poles,  then  "pulling  the  rope  end  tightly  under  the 
winding  as  shown.  The  beauty  of  this  style  of  rope  hiteli  is 
that  heat,  cold,  rain  or  sunshine  has  no  effect  upon  the  hold- 
ing power  of  the  fastening.  When  the  rope  gets  wet  it  sim- 
ply shrinks  a  little,  making  the  fastening  all  the  lighter. 
When  sunshine  dries  and  stretches  the  ropes,  the  poles  sag  a 
very  little,  and   this  tightens  the  coils  again  at  once.     The 


horizontal  pole  can  roll  in  the  rope,  and  a  pull  on  the  rope, 
accompanied  by  a  twist  on  the  pole  by  the  assistant  who  is 
holding  it  in  position,  makes  the  rope  strain  up  very  tight.  A 
turn  of  the  rope  around'  the  post  must  tiext  be  taken,  then  a 
turn  around  the  ledger,  another  around  the  post,  and  so  on, 
alternating  from  one  to  the  other  until  from  five  to  ten  turns 
have  been  put  on,  according  to  the  requirements  of  strength, 
etc. 

The  girts  should  be  attached  to  the  posts  in  this  manner  and 
the  ledgers  made  fast  to  the  girts  in  a  similar  manner.  When 
no  girt  is  used,  the  ledger  poles  should  be  attached  directly  to 
the  posts  by  the  same  kind  of  a  knot.  Indeed,  it  is  only  neces- 
sary to  use  the  two  hitches  illustrated.     The  workmen  are 

often  tempted  to  make  a  simple  hitch 

"'•..  in  fastening  ledgers  to  girts,  but  don't 

v.  do  it.    It  is  easy  to  wind  the  rope  right 

,\  around  both  poles  without  taking  the 

'--_ --'    !  "  alternate"  hitches  shown   bv  fig.  4; 

but  a  stage  cannot  be  too  well  or  strong- 
ly built,  and  the  man  who  "  scamps" 
work  of  this  kind  should  be  run  out  of 
the  business. 

Fig.  •">  illustrates  a  completed  vertical 
or  post  splice,  and  also  shows  the  back 
or  opposite  side  of  the  ledger  or  girt 
hitch  1  tig.  4  showing  the  front  side  of 
the  knot.  fig.  4  the  back  side).  In  put- 
ting on  the  rope  lashings  care  must  be 
taken  that  there  is  no  loose  bark  to  slip 
after  the  rope  is  in  place.  Knots  or 
other  rough  parts  should  be  trimmed 
smooth.  If  a  girt  or  a  ledger  comes 
where  there  is  a  vertical  or  a  horizontal 
splice,  pay  no  attention  to  either,  but 
put  the  rope  lashing  right  over  the  hitch 
already  made,  just  as  if  it  was  the  mid- 
dle of  a  single  stick  instead  of  a  joint 
between  two  poles.  Do  the  work  thor- 
oughly and  no  accident  will  ever  happen 
on  your  job  through  failure  of  the  con- 
struction staging. 


THE  AUXILIARY  MACHINERY 
OF  A   MODERN  CRUISER.* 


Bt  Frederick  Arsexits. 


effect  of  many  weeks'  exposure  to  alternation  of  temperature, 
moisture  and  dryness,  is  perhaps  only  to  lower  the  upper  stag- 
ings an  inch  or  two  at  the  most. 

It  will  be  quite  a  task  for  the  novice  to  put  up  a  fastening 
like  that  illustrated  by  fig.  2.  The  first  step  is  to  make  the 
hitch  shown  by  fig.  3— something  like  the  ordinary  "  timber 
hitch  ' — two  complete  turns  of  the  rope  being  made  around  the 
top  of  the  pole,  and  the  ends  of  the  rope  being  disposed  of  as 
shown  in  the  engiaring.  The  second  pole,  or  "  top-mast."  is 
next  placed  in  position  and  a  turn  of  the  rope  taken  around  it. 
after  which  the  rope  is  wound  alternately  around  each  pole 
until  it  carries  from  three  to  six  tarns  (according  to  strength 
"f  .-'  .  then  the  ceils  are  passed  around  both  poles, 

as  shown  in  tig.  2,  from  four  to  eight  turns  being  made  and  the 
rope's  end  f ;i-t  ied. 

For  patting  on  a  ledger  pole,  the  hitch  shown  by  fig.  4  i- 
used.  This  is  started  in  precisely  the  same  manner  that  the  ver- 
tical splice  was  commenced— the  double-turn  hitch  being  put 
on  and  the  ledger  pole  liid  on  top  of  it.  Next,  one  turn  is 
taken  around  the  ledger  pole  and  the  rope  pulled  very  taut ;  the 


While  there  is  some  difference  in  the 
amount  and  arrangement  of  auxiliary 
machinery  in  cruisers  of  the  same  class, 
the  description  of  one  will  suffice  for 
the  whole  class,  and  I  have  chosen  for 
this  sketch  a  cruiser  which,  through  her 
wonderful  speed  performance  a  short 
time  ago.  is  well  known  to  everybody 
— the  protected  cruiser  —the 

greatest  triumph  for  our  Navy  Depart- 
ment and  for  her  builders,  William 
Cramp  &  Sons'  Ship  and  Engine  Build- 
ing Company.  It  is  astonishing  what 
a  number  of  different  steam  engines  it 
takes  to  run  one  of  these  great  ships, 
although  they  haveacrewof  a  number 
that  would  seem  sufficient  to  handle 
almost  anything,  yet  there  is  such  a  variety  of  work  to  be  per- 
formed constantly  that  modern  practice  is  to  depend  on  the  crew 
mainly  for  the  fighting  part  of  the  business,  and  to  feed  and  regu- 
late that  mass  of  machinery  which  makes  the  ship  inhabitable 
and  gives  it  motion.  To  lift  the  heavy  anchors,  to  hoist  shot 
and  shell,  and  to  lift  the  ashes  from  the  depths  of  the  stokehold 
would  be  too  slow  a  process  if  done  by  hand,  and  speed  is  now 
the  motto.  Tbe  systems  of  draining  and  pumping  to  keep  the 
ships  free  from  water,  to  feed  the  boilers  ami  supply  water  for 
various  purposes  to  different  parts  of  the  ships,  and  the  electric 
lighting  and  ventilation  must  to  a  great  extent  lie  duplicated, 
so  that  no  ordinary  breakdown  will  disable  the  interior  work- 
ings of  the  ship*.  Let  us  make  a  trip  through  the  ship.  Com- 
mencing down  in  the  engine  rooms  we  find,  first,  some  para- 
to  the  three  colossal  main  engines  1 42,  59  and  92  in.  X 
42  in.  stroke  .  1  Ine,  the  turning  engine,  consists  of  two  verti- 
cal single-cylinder  engines  8  in.  diameter  and  6  in.  stroke. 
They  have  a  common  shaft  with  a  worm  in  the  middle,  while 

1       •  Paper  read  at  the  Swedish  Engineers'  Clnb  of  Philadelphia. 
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through  gearing  turns  the  main  shaft  to  a  suitable  position  for 
starting.  Another  one  is  the  reversing  engine,  a  single  up- 
right cylinder  l(i  in.  x  22  in.  This  has  on  top  a  hydraulic 
controlling  cylinder,  which  can  be  used  in  case  of  breakdown, 
but  which  in  ordinary  running  serves  as  an  excellent  guide  for 
tin'  piston-rod  which  acts  through  a  lever  on  the  high-pressure 
valve  liners.  Independent  of  the  main  engine  stands  in  each 
of  the  three  engine-rooms  one  air  pump  connected  to  the  re- 
spective condensers.  They  are  known  as  Blake's  vertical 
'•  twin"  air  pumps,  each  having  two  steam  cylinders  16  in. 
diameter,  two  air  cylinders  314  10-  diameter,  21  in.  stroke. 
They  work  slowly  and  steadily,  about  lb  double  strokes  per 
minute,  and  are  remarkably  economical,  as  they  require  only 
about  i  of  1  per  cent,  of  the  total  H.P.  ;  tbey  are  very  reliable, 
and  need  very  little  attention.  Then  in  each  engine-room  are 
two  circulating  pumps  for  forcing  cold  water  through  the  con- 
denser, and  also  for  discharging  bilge  water  directly  over- 
board. They  are  centrifugal  pumps,  each  driven  by  a  vertical 
single-cylinder  engine,  but  they  go  in  pairs  and  rest  on  the 
same  bedplate.  The  pair  can  drive  14,000  galls,  or  54  tons  of 
water  per  minute  through  the  condenser  tubes,  or  pumps  out 
the  bilge  at  that  rate  in  case  of  a  leak.  These  pumps,  as  well 
as  the  turning  and  reversing  engines,  are  furnished  by  the 
builders. 

At  the  outside  bulkhead  in  each  engine-room  is  a  double 
horizontal  Blake  pump.  A  fire,  feed  and  bilge  pump,  with 
12-in.  steam  cylinder,  8Ain.  water  cyliuder,  and  12  in.  stroke. 
These  pumps  connect  with  the  feed  water  tanks  for  feeding 
the  boilers,  with  sea  valves  for  pumping  water  into  the  fire 
main,  also  through  valve  boxes  with  the  different  drains  for 
discharging  bilge  water  overboard.  Each  engine-room  has 
hanging  on  the  dividing  transverse  bulkhead  a  Blake  duplex 
vertical  fire  and  bilge  pump.  Those  in  the  forward  engine- 
rooms  are  12  in.  X  7i  in.  X  12  in.,  and  in  the  after  one  14 
in.  X  9  in.  X  12  in.  Their  purpose  is  also  to  supply  the  fire 
main  from  the  sea  and  to  discharge  outboard  from  valve-box 
connections  with  main  and  secondary  drains,  bilge,  and  water- 
bottom  suctions.  There  are  also  on  the  same  bulkhead  three 
sets  of  pumps  of  the  same  make  as  the  former,  but  much 
smaller,  having  7A-in.  steam,  4f  in.  water  cylinder  and  10  in. 
stroke.  They  are  called  water  service  pumps,  for  their  duty 
is  to  furnish  a  cold  shower  to  the  main  journals,  thrust  bear 
ings  and  other  parts  likely  to  be  heated  by  running.  They 
also  supply  the  tire  service.  In  the  after  engine-room  is  a 
Sturtevant  blower  or  ventilating  fan.  36  in.  diameter  and  17 
in.  wide,  driven  by  a  31  in.  X  21  in.  double-enclosed  engine  of 
about  4  I.  H.P.  It  will  exhaust  8,000  cub.  ft.  of  air  per  minute 
at  600  revolutions.  Overhead  in  the  two  forward  engine- 
rooms,  right  under  the  armor  grating  and  nearly  covered  from 
sight  by  twisted  masses  of  pipe,  hang  two  Wheeler  auxiliary 
condensers,  really  condensers  for  auxiliary  machinery.  They 
are  9  ft.  long  and  30  in.  diameter,  directly  mounted  upon  com- 
bined air  and  circulating  pumps,  each  having  12-in.  sleam  cyl- 
inders, 10-in.  air  cylinders,  10-in.  water  cylinder  and  12  in. 
stroke,  which,  running  at  100  ft.  piston  travel,  have  a  capacity 
of  400  galls,  per  minute  each.  In  one  boiler-room  we  find  at 
its  forward  end  on  each  side  a  large  vertical  Blake  duplex 
pump,  with  two  steam  cylinders  12  in.  diameter,  two  water 
cylinders  71  in.  and  12  iu.  stroke.  On  the  starboard  side  is 
the  main  feed  pump,  which  takes  water  from  the  tank  feed 
pipe  connecting  with  the  feed  tanks,  and  pumps  it  into  the 
boilers  at  the  rate  of  500  galls,  per  minute.  The  one  on  the 
port  side  is  the  auxiliary  feed  pump,  for  while  it  has  the  same 
duty  as  the  main  feed  pump,  it  has  also  valve-box  connections 
with  sea  for  supplying  fire  mains  and  flushing  boilers,  with 
main  and  secondary  drains  and  bilge  suctions,  and  for  empty- 
ing boilers.  They  can  discharge  either  upward  through  feed 
pipes  to  outboard  delivery  or  down  through  a  bottom  valve. 
They  are  placed  in  each  boiler-room,  and  there  are  eight  in  all. 
In  each  boiler-room  are  four  large  blowers,  16  in  all,  used 
to  force  air  into  the  fire-room  according  to  the  closed  stokehold 
forced-draft  principle.  They  are  5  ft.  diameter  and  14  in. 
wide  at  outlet,  driven  by  5  in.  X  4  iu,  double-enclosed  engines, 
and  are  capable  of  delivering  25,000  cub.  ft.  of  air  per  minute, 
with  4-oz.  pressure  and  650  revolutions,  requiring  about  37 
I. H.P.  each.  They  are,  however,  only  expected  to  supply 
240,000  cub.  ft.  per  minute  altogether,  under  a  pressure  of  1  in. 
of  water.  These,  as  well  as  all  other  blowers  in  the  ships,  are 
of  the  well-known  Sturtevant  make. 

On  the  platform  deck  forward  we  find  there  first  two  small 
double-hoisting  engines,  41  in.  X  41  in.,  located  in  the  passing 
room  in  the  midst  of  magazines,  and  used  to  hoist  powder  and 
shell  to  the  gun  deck.  Aft  of  the  magazines,  and  forward  of 
the  boiler  space,  is  the  dynamo-room  or  electric  light  plant. 
The  ship  has  an  installation  of  about  512  lights,  16  and  5(1  can- 
die-power,  and  search  lights.  The  generating  plant  consists 
of  two  32-kilowatt  marine  generators  with  attached  dynamos, 


of  the  General  Electric  Company's  make,  having  a  speed  of 
400  revolutions,  and  supplying  400  amperes  at  a  pressure  of 
80  volts.  There  are  also  two  small  electric  fans  21  in.  X  5  in. 
Aft  of  the  engine-room  on  platform  deck  are  two  ammunition 
hoists,  similar  in  design  and  size  to  the  forward  ones.  After 
this  we  come  across  the  immense  steering  engine— a  double- 
cylinder  horizontal  engine  13  in.  diameter  X  10  in  stroke.  It 
is  geared  to  a  very  large  screw  which  works  two  nuts  connect- 
ed by  rods  to  the  secondary  tiller,  which  again  turns  the  main 
tiller  on  the  compound  lever  principle.  Tins  steering  engine 
can  be  worked  from  below  protective  decks,  from  bridge  deck, 
pilot  house,  conning-tower,  and  flying  bridges. 

On  the  protective  deck  we  come  across  a  variety  of  blowers. 
Two  of  them,  4  ft.  diameter,  stand  at  the  head  of  the  forward 
engine  hatch,  draw  the  hot  and  foul  air  out  of  the  engine- 
rooms,  and  blow  it  up  through  the  ventilators  ;  capacity,  9,000 
cub.  ft.  The  two  donkey  boiler-rooms  and  the  dislilling-room 
have  each  one  blower  about  3  ft.  diameter,  and  they  are  need- 
ed to  keep  the  air  fresh.  About  midships  on  each  side  are  em- 
bedded among  the  coal  bunkers  the  ship's  blower  rooms,  each 
containing  two  blowers  4  ft.  diameter  and  15  in.  wide  at  the 
outlet,  with  4  in.  X  3  in.  double-enclosed  engines,  capable  of 
600  revolutions  and  10,000  cub.  ft.  per  minute  at  a  pressure  of 
2  oz.  They  are  the.  heart  and  pulse  of  the  ship's  ventilation. 
They  draw  tbrough  the  main  ducts  and  pipes  with  their  hun- 
dred of  arms  reaching  into  every  coal  bunker,  every  magazine, 
and  every  state-room  above  and  below.  They  draw  the  vitiated 
air  out,  or,  if  necessary,  can  blow  in  fresh  air.  The  two  don- 
key boiler-rooms  have  each  two  pumps,  small  duplex  vertical, 
6  in.  X  44  in.  X  7  in.,  one  a  main  feed  pump,  the  other  an 
auxiliary  feed  pump. 

The  distilling-room  is  quite  an  interesting  little  museum  of 
various  steam  pumps.  One  large  horizontal  single-cylinder  is 
a  circulating  pump  for  the  distiller,  taking  water  from  sea 
valve  at  bottom,  and  after  forcing  it  through  the  distiller,  dis- 
charges into  the  head.  This  is  a  Davidson  pump  Sin.  X  9  in. 
X  12  in.,  capable  of  200  galls,  at  100  revolutions.  Another 
pump  has  two  water  cylinders  2^  in.  diameter,  one  steam  cyl- 
inder 31  in.  diameter  and  a  common  stroke  of  4  in.  One  end 
of  this  takes  sea  water  from  discharge  of  large  pumps  and 
feeds  into  the  Baird  evaporator.  The  other  end  takes  the  dis- 
tilled water  from  the  filters  and  delivers  to  the  ship's  tanks, 
and  another  small  pump,  single  horizontal,  3i  in.  X  '2{  in.  X  4 
in.,  takes  the  drain  from  the  traps  and  delivers  it  to  the  feed 
tanks.  There  stands  also  the  large  wrecking  pumps,  whose 
sole  duly  is  to  pump  from  connection  with  the  main  drain, 
directly  overboard,  water  collecting  in  the  lower  compart- 
ments,* which  the  other  pumps  are  unable  to  handle.  It  is  a 
Blake  horizontal  single-cylinder,  10  in.  steam,  14  in.  water  and 
18  in.  stroke,  and  can  at  ordinary  speed,  through  its  8-in.  de- 
livery pipe,  force  840  galls,  per  minute.  To  finish  this  deck, 
there  is  an  upright  engine  for  driving  the  machine  tools  in  the 
engineer's  workshop. 

Going  up  to  the  gun  deck  forward  our  attention  is  first 
called  to  a  mass  of  20  tons  of  machinery  which  we  find  to  be  a 
windlass,  of  the  American  Ship  Windlass  Company's  make, 
generally  known  as  the  Providence  windlass.  It  is  driven  by 
two  vertical  engines  with  12-in.  cylinder  diameter  and  14  in. 
stroke,  built  for  2i-in.  chain  and  10,000-lbs.  anchors.  It  also 
diives  a  capstan  located  on  the  upper  deck.  On  this  deck  are 
also  located  the  ash  hoists,  which  hang  a  few  feet  above  the 
deck  of  the  boiler-room  and  dividing  bulkheads.  They  are 
double-cylinder  engines  4J  in.  X  4J  in.,  with  a  drum  and  re- 
versing gear.  They  are  very  neat  and  clever,  and  can  be 
worked  from  the  upper  or  gun  deck  from  eithei  side  as  re- 
quired. Williamson  Brothers  are  the  makers  of  these  as  well 
as  all  other  hoists  and  the  steering  engine.  There  are  eight  of 
these  ash  hoists.  On  the  upper  deck  is  only  one  engine,  and 
that  is  the  Allen  dense  air  ice  machine.  This  consisls  of  an  air 
compressor  5f  in.  diameter  X  10  in.  stroke,  which  compresses 
air  60-210  lbs.,  and  passes  it  into  a  cooler,  which  takes  off  the 
heat  of  compression,  and  thence  into  the  expander,  a  regular 
cut-off  machine,  where  the  air  is  admitted  during  part  of  the 
stroke,  then  cut  off,  and  the  air  is  expanded  as  the  stroke  is 
finished.  During  this  expansion  the  air  is  cooled  to  a  very  low 
temperature— practically  60°  F.  below  zero  The  return  stroke 
pushes  this  cold  air  through  the  pipes  that  encircle  the  re- 
frigeratingroom  and  coils  through  the  scuttle  butt,  and  is  then 
returned  to  the  machine  to  go  through  the  same  process  over 
and  over  again.  The  steam  cylinder  for  driving  is  7  in.  diame- 
ter X  10  in.  stroke,  and  uses  50  lbs.  of  steam.  Above  the  deck 
is  the  bridge  deck,  and  there  stand  two  deck  hoists  8  in.  X  8 
in.  double-cylinder  reversible  engines.  This  finishes  the  steam 
machinery  with  the  exception  of  engines  for  small  boats  stand- 
ing on  this  deck.  They  are  fitted  with  very  complete  but 
diminutive  marine  engines  of  the  compound  type,  but  these 
have  of  course  their  own  steam  generators.     The  30-ft.  cutter 
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has  an  engine  31  in.  X  7  in.  X  6  in.  stroke  ;  and  the  33-ft.  steam 
barge  one  4  in.  X  7  in.  x  7  in.  stroke. 

In  addition  to  steam  machinery,  one  capstan  is  worked  by 
hand,  as  are  live  7  in.  Calkin's  deck  pumps  that  draw  from 
principal  compartments  in  the  hold,  the  valve  boxes,  the  sea, 
and  deliver  it  to  the  rite  main  or  discharge  overboard.  There 
is  also  one  51  in.  force  pump  to  supply  water  to  baths,  cis- 
terns, etc.,  and  one  3  in.  pump  for  fresh-water  service  ;  a  num- 
ber of  small  hand  pumps,  hand  steeling  gear,  and  machinery 
for  working  the  heavy  guns. 

Summing  up,  we  find  39  steam  pumps  with  60  steam  cylin- 
ders, '20  blowers  or  ventilating  fans  with  52  steam  cylinders,  3 


THE 


BEAUMONT-WALLINGTON    HIGH  SPEED 
ENGINE. 


1  ink  of  the  most  interesting  adaptations  of  the  type  of  valve- 
gear  that  is  operated  from  the  connecting-rod  that  we  have 
ever  seen  was  illustrated  in  a  recent  issue  of  the  Engineer 
(London),  to  whom  we  are  indebted  for  the  engravings  and 
description  of  the  engine.  The  engine  illustrated  is  of  the 
single-acting  description,  with  central  valve  contained  in  a 
hollow  extension  of  the  piston-rod,  which  is  actuated  by  a 
new  radial  gear.     The  latter  is  also  a  new  departure  in  this 


starting  engines  and  5  reversing  engines,  with  9  steam  cylin- 
ders, S  ash  hoists  with  10  steam  cylinders,  4  ammunition 
hoists.  2  deck  hoists,  1  steering  engine,  1  windlass,  1  shop,  1 
air  and  2  electric  light  engines  with  23  steam  cylinders,  mak- 
ing a  tolal  <>f  SS  engines  with  100  steam  cylinders  outside  and 
separate  from  the  3  main  engines  with  their  9  cylinders. 

It  takes,  of  course,  a  great  deal  of  steam  to  run  these  auxil- 
iary engines.  From  trial  trips  of  the  United  States  steamships 
Philadelphia  and  San  Francisco  I  find  that  the  auxiliary  ma 
chinery  took  a  little  over  3  per  cent,  of  the  total  I.H.P.,  and 
that  the  proportion  would  give  for  this  ship  about  050  I. II. P. 
Hut  they  are  not  all  run  at  the  same  time  ;  those  running  dur- 
ing tie  ('itlmithin'*  trial  trip  took  only  about  600  I.H.P.  This 
not  include  the  ship's  or  engine  room  blowers,  no  hoists 
of  any  kind,  no  distilling-room  pumps,  nor  many  others,  so 
that,  if  they  are  all  working  at  the  same  time  they  would  re- 
quire 1,200  I.H.P.,  which  is  as  much  as  it  lakes  to  drive  a 
steamer  254  ft.  x  35  ft.,  and  2,800  tons,  at  a  speed  of  12.3  knots 
an  hour.  There  are  pumps  enough  to  discharge  515,000  galls., 
or  193  tons  of  water  per  minute,  and  blowers  enough  to  blow- 
in  or  out  481,000  cub.  ft.  of  air  per  minute. 


Ticket-Selling  on  the  North  London  Railway.— The  En 
T  says  that  the  penny  in  the-slot  system  of  selling  tickets 
has  teen  adopted  by  the  Xorth   London  Railway.     The  ar 
rangement  is  for  workmen's  tickets  only. 


class  of  engine.  This  gear  gives  to  the  valve  a  motion  which 
causes  a  very  perfect  distribution  of  steam  in  the  cylinder. 
During  one  revolution  of  the  crank  there  are  four  distinct 
movements  of  the  valve  :  (1)  A  quick  upward  movement  open- 
ing the  valve  for  admission  ;  (2)  a  quick  downward  motion 
performing  cutoff  ;  (3)  a  longer  period  of  comparative  slow 
movement  during  expansion  ;  (4)  another  quick  movement 
opening  the  exhaust  port,  which  remains  open  till  nearly  the 
top  of  the  return  stroke,  when  it  closes,  forming  the  steam 
cushion.  On  referring  to  the  illustration,  it  will  be  seen  that 
the  connecting-link  D  is  attached  to  the  extremity  c  of  a 
vibrating  lever,  A  ;  an  intermediate  point  rf  in  this  lever  is 
connected  by  a  link,  E,  to  a  short  arm,  G,  at  right  angles  to, 
and  forged  solid  with,  the  connecting-rod  II  at  the  cross-head 
end. 

All  the  functions  of  lead,  cut-off,  expansion,  eshaust  and 
compression  are  performed  thereby  in  a  simple,  quick  and  ac- 
curate manner.  In  order  to  show  how  this  is  attained,  we 
may  suppose  the  connecting-rod  //  to  be  disconnected  from 
the  crank-pin,  and  moved  from  its  top  position,  as  shown  in 
the  illustration,  to  the  center  of  the  stroke  in  a  straight  line, 
without  swinging  the  lower  end  to  either  side;  it  is.  evident 
that  the  arm  0  would  move  down  the  same  distance  as  the 
piston,  consequently  the  intermediate  point  d  on  the  lever  A 
would  also  travel  the  same  distance,  but  the  extreme  point  c 
would  move  a  greater  distance  ;  the  difference  of  the  distance 
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of  the  travel  of  these  two  points  e  and-  d  respectively  being 
equal  to  the  lap  and  lead  of  the  valve.  Now,  if  the  connect- 
ing-rod lie  swung  to  the  right  until  it  comes  to  its  proper  posi- 
tion in  the  crank  circle,  it  is  evident  that  the  end  of  the  lever  G 
would  move  upward,  carrying  with  it  the  link  K,  lever  A  and 
the  valve-link  1),  together 
with  the  valve.  The  ac- 
tual movement  of  the 
valve  relatively  with  that 
of  the  piston  in  half  a  rev- 
olution is  therefore  equal 
to  the  difference  between 
the  travels  of  the  points 
d  and  c,  together  with  the 
motion  imparted  by  means 
of  the  arm  G.  The  amount 
of  the  steam-port  opening 
is  determined  by  the 
length  of  this  arm  together 
with  the  distance  between 
d  and  c,  and  by  varying 
these  any  degree  of  expan- 
sion can  be  obtained.  It 
will  be  seen  that  the  link 
D  is  always  in  compression 
with  the  link  E  in  tension, 
so  (hat  an}'  slight  wear  in 
the  one  is  compensated  by 
wear  in  the  other.  The 
gear  is,  therefore,  self-ad- 
justing. 

These  engines  are  made  either  simple,  compound  or  triple- 
expansion,  with  either  one  or  two  cranks.  The  cranks  are  of 
steel  and  the  bearings  of  phosphor-bronze.  The  crank-cham- 
ber is  closed,  as  shown  in  the  engravings,  and  forms  a  recepta- 
cle  for  the  lubricant,  in  which  the  crank  revolves,  as  is  usual 
in  this  class  of  engines.  The  engines  are  made  under  the  pat- 
ents of  Messrs.  Beaumont  and  Wellington  by  the  Blair  Engi- 
neering Company,  Bellenden-road,  Peckham,  S.  E. 


COAL     CONSUMPTION;    EMPIRE      STATE     EX- 
PRESS. 


Statement  Relative  to  Mileage,  Speed  and  Fuel  Consumption  of 
the  New  York  Central  &  Hudson  River  Railroad  Class  N  Engine, 
Drawing  the  Empire  State  Express  Train  in  Jult,  1894. 

Weight  of  engine  and  tender  in  working  order 01  tons.  0  cwt.* 

Average  weight  of  train,  passenger,  baggage  and  mail 

(exclusive  of  engine  and  tender) 180    "       10  " 

Average  weight  <>f  train,  passenger,  baggage  and  mail 

(including  engine  and  tender) 277    "        1(1" 

Time  schedule  (deducting  stops  1 77  hrs.    81  min. 

Deduct  time  made  up 79  " 

Actual  running  lime 76    "  12" 

Total  train  miles 3,848 

"      light    "    (without  cars)  26 

"      mileage 3.874 

Average  speed  per  hour 50 /aJj  miles. 

Total  weight  of  coal  consumed  (exclusive  of  kindling) 53  tuns.     6  cwt.* 

Actual  consumption  per  train  mile  31   fgg  lbs. 

Consumption  per  train  mile  (including  kindling! 32  ^q  " 

Total  ton  miles,  including  passenger,  baggage  and  mail 

(exclusive  of  engine  ana  tender) 717,504 

Total  ton  miles,  including  passenger,  baggage  and  mail 

(including  engine  and  tender) 1,067,968 

Consumption  per  mile  per  ton  of  train,  including  passen- 
ger, baggage  and  mail  (exclusive  ot  engine  and  ten- 
der)  2tf,V,oz. 

Consumption  per  mile  per  ton  of  train,  including  passen- 
ger, baggage  and  mail  (including  engine  and  tender) 1  {fflQ  oz. 

Statement  of  Light  Trip  (without  Carsi  of  Class  N  Engine  999,  be- 
tween Albany  and  Syracuse  and  Return,  Run  on  same  Schedule 
Time  as  above. 

Weight  of  engine  and  tender 91  tons.    newt. 

Total  mileage 296 

"     weight  of  coal  consumed ..   .      1  ton.    14  cwt. 

Actual  coiiMiniption  per  mile 1*2  iVj 

Total  ton  miles,  engine  and  tender S6.936 

Consumption  per  mile  per  ton 2  ,9nBH  oz. 

ANALYSIS  OP   COAL    t'SKD    IX    TEST, 

Water 25 

Volatile  matter 32.01 

Fixed  carbon 62.96 

Sulphur 48 

Ash 4.30 


Total 100.00 


•Tons  of  ■.'.210  li.s. 


On  July  24  the  same  engine  referred  to  above  ran  from 
Syracuse  to  Albany,  148  miles,  in  144  minutes,  and  stopped  :i 
minutes  at  Utica,  making  the  average  rate  of  speed  while  run- 
ning 62.98  miles  per  hour.  Between  Utica  and  Albany  it  ran 
95  miles  in  90  minutes,  or  at  the  rate  of  63.33  miles  per  hour. 
The  run  from  Albany  to  New  York,  142.88  miles,  was  made 
in  2  hours  and  57  minutes.     The  train  consisted  of  four  cars. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 

The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publications  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  to  help  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  the  infor- 
mation which  will  help  make  our  list  more  complete  or  correct, 
or  who  will  indicate  the  causes  or  the  cures  for  any  kind  of 
accidents  which  occur,  they  will  not  only  be  doing  us  a  great 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  July,  has 
been  made  up.  Of  course  we  cannot  report  those  of  which  we 
have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS  IN   JULY. 

Fort  Scott,  Kan.,  July  1.— A  freight  train  on  the  Pittsburgh  & 
Gulf  Railroad  ran  into  a  stock  train  on  the  Fort  Scott  &  Mem- 
phis Railroad  at  Last  Chance  Crossing  this  morning.  The  en- 
gine of  the  freight  went  over,  and  the  fireman,  Jack  Dobbins, 
fell  under  the  engine  and  was  crushed  to  death. 

Greenville,  Me.,  July  1.— An  express  train  on  the  Canadian 
Pacific  Railroad  was  wrecked  on  a  bridge  near  this  place  to- 
day. Engineer  Fred  Leavitt  was  killed,  and  Angus  McDon- 
ald, fireman,  fatally  injured. 

Pine  Bluff,  Ark.,  July  2.— A  freight  train  on  the  St.  Louis 
Southwestern  Railway  went  through  a  trestle  2  miles  south  of 
New  Louisville.  Engineer  Ferguson  was  killed  outright  and 
Fireman  O'Neil  fatally  scalded.  The  trestle  had  been  fired 
and  burned  nearly  through. 

Chicago,  July  3.— A  passenger  train  on  the  Baltimore  & 
Ohio  Railway  was  ditched  at  Rock  Island  Junction  to-day  by 
strikers.     The  engineer  was  badly  hurt  in  jumping. 

Pueblo,  Col.,  July  2.— Engineer  Loftus  and  his  fireman,  who 
were  running  on  the  Denver  &  Rio  Grande  Railroad,  were  hung 
b}r  a  mob  south  of  here  to  day. 

West  Superior,  Wis.,  July  6.— Strikers  ditched  a  train  on 
the  Chicago,  St.  Paul,  Minneapolis  &  Omaha  Railroad  to- 
night, derailing  the  engine  and  seriously  injuring  the  engineer. 

Ottumwa,  la.,  July  7. — A  passenger  train  on  the  Chicago, 
Fort  Madison  &  Des  Moines  Railroad  struck  an  obstruction 
this  evening.  The  engine  was  ditched,  killing  the  engineer 
and  fireman. 

New  York,  July  8. — The  limited  express  on  the  New  York 
Central  &  Hudson  River  Railroad  struck  a  car  door  which  had 
fallen  from  a  south-bound  train  across  the  north-bound  tracks, 
and  the  engine  was  derailed.  The  engine  ran  for  some  dis- 
tance and  finally  struck  an  iron  water  tank  ;  the  engineer  and 
fireman  jumped  before  the  engine  struck  the  tank  and  escaped 
with  slight  injuries. 

St.  Louis,  Mo.,  July  9.— An  express  on  the  Big  Four  Rail- 
road ran  into  a  freight  train  at  Wann,  111.,  to-night.  Oliver 
Davis,  the  fireman,  was  fatally  injured  and  the  engineer  seri- 
ously hurt.  The  freight  train  had  not  pulled  on  to  the  switch 
far  enough  to  clear  the  main  line. 

Bethlehem,  Pa.,  July  10.— The  Buffalo  Express  on  the  Phila- 
delphia &  Reading  Railroad  was  wrecked  this  evening  by  a 
misplaced  switch.  The  engineer,  Matthew  Bickel,  was  fatally 
injured.  Fireman  James  Hutchinson  was  seriously  scalded", 
but  in  spite  of  this  he  pulled  Bickel  from  the  wreck  and  then 
drew  the  fire  from  the  fire-box. 

Sacramento,  Cab,  July  11.— A  passenger  train  on  the  South- 
ern Pacific  Railway  was  derailed  by  strikers  3  miles  from  here 
to-day.  Some  timbers  were  loosened  from  the  trestle,  which 
caused  the  engine  and  two  mail  cars  to  go  over.  Engineer 
Samuel  B.  L.  Clarke  was  killed. 

Neosho,  Mo.,  July  12.— A  freight  (rain  on  the  Kansas  City, 
Pittsburgh  it  Gulf  Railroad  was  derailed  5  miles  south  of  here 
to-day  by  an  open  switch.  The  engine  was  turned  over  and 
caught  Engineer  Traver  under  it,  killing  him  instantly.  Fire- 
man Grant  Grattis  was  badly  scalded  and  cut. 
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Terre  Haute,  Ind.,  July  12.— A  passenger  train  on  the  Big 
Four  Road  was  wrecked  111  miles  east  of  here  to-day.  The 
engine  was  derailed  and  went  into  a  ditch.  Engineer  Norman 
was  killed.     The  disaster  was  caused  by  train  wreckers. 

Peoria.  III.,  July  12.— A  double-header  freight  train  on  the 
Toledo,  Peoria  &  Western  Road  was  ditched  by  running  into 
a  cow  between  Canton  and  Bushnell  to-night.  William 
Schwartz,  one  of  the  engineers,  was  killed,  and  John  Quinlan, 
the  other  engineer,  and  William  Schellbager  and  Ed.  Beam, 
firemen,  were  injured. 

Columbus,  ()..  July  13.— An  engine  on  a  freight  train  on  the 
Baltimore  &,  Ohio  Railroad  jumped  the  track  at  Pan  Handle 
Crossing  this  evening  and  rolled  down  a  10-ft.  embankment  : 
the  engineer  was  caught  underneath  the  engine  and  crushed. 
Fireman  Thomas  Carr  was  slightly  injured. 

Terre  Haute,  Ind.,  July  13. — The  Big  Four  passenger  train 
was  wrecked  at  Fontainet  by  strikers  this  morning.  Engineer 
Moorman  and  his  fireman  were  killed. 

Momenee,  III..  July  13. — An  express  train  on  the  Chicago  & 
Eastern  Illinois  Railroad  was  wrecked  here  to-day  by  a  mis- 
placed switch.  Willi, in  H.  Lunt,  engineer,  was  seriously  in- 
jured, and  Fireman  Albert  Lester  bad  his  leg  broken  and  shoul- 
der dislocated. 

Salida,  Col.,  July  13. — A  train  on  the  Denver  &  Rio  Grande 
Railroad  was  wrecked  at  Marshall  Pass  to-day.  The  engineer 
was  fatally  injured  and  the  fireman  seriously. 

Lynn,  Mass.,  July  13.— A  passenger  train  on  the  Boston,  Re- 
vere Beach  &  Lynn  Railroad  ran  into  a  gravel  train  this  after- 
noon. The  engineer  of  the  gravel  train,  Charles  S.  Reach,  was 
thrown  from  his  cab  and  injured  about  the  head. 

Louisville,  Ky.,  July  14.— There  was  a  headend  collision  on 
the  Louisville  ifc  Nashville  Railroad  at  Colesburg  to-night  ; 
both  engines  were  badly  wrecked.  Engineer  Frank  Dudley 
was  killed  and  Fireman  Fay  McCormick  was  slightly  injured. 

Easton,  Pa.,  July  16. — A  freight  train  on  the  Lehigh  Valley 
Railroad  ran  into  a  gravel  train  at  Kennedy  to-day,  and  later  a 
west-bound  mixed  train  ran  into  the  wreck.  Robert  Cline,  en- 
gineer, and  Samuel  Filkenson,  fireman,  were  seriously  injured. 
The  accident  was  due  to  the  carelessness  of  a  flag  man. 

Battle  Creek,  Mich.,  July  16. — A  passenger  train  on  the 
Grand  Trunk  Railroad  was  wrecked  here  this  morning  ;  the 
fireman  was  killed  outright  and  the  engineer  was  badly  bruised 
about  his  face  and  head.  Tbe  wreck  was  caused  by  the  re- 
moval of  fishplates  from  the  rails,  and  it  is  said  to  have  been 
done  by  strikers,. 

Mobile.  Ala.,  July  17. — There  was  a  rear-end  collision  be- 
tween two  freight  trains  on  the  Louisville  ifc  Nashville  Rail- 
road to-night,  and  the  fireman  had  his  leg  crushed  so  that 
amputation  was  necessary. 

Oakland,  N.  J.,  July  17. — A  rear  end  collision  occurred  by 
a  passenger  train  running  into  a  freight  on  the  New  York, 
Susquehanna  &  Western  Railroad  to-night.  Engineer  John 
Beatty  was  painfully  injured  by  splinters  of  wood  striking  him 
in  the  face. 

Clinton,  Ind  ,  July  18. —An  engineer  on  the  switching  en- 
gine ran  into  a  lot  of  coal  cars  on  the  Chicago  &  Eastern  Illi- 
nois Railroad  to-day.     The  fireman  was  the  only  one  hurt. 

Esperance,  N.  Y.,  July  19. — An  express  train  on  the  Dela- 
ware &  Hudson  Canal  Company's  Railway  ran  into  an  open 
switch  here  to-day,  striking  several  box  cars  on  the  side  track. 
Fireman  Palmer  was  killed  and  Engineer  Truman  Austin  was 
fatally  injured. 

Macon,  Ga.,  July  20.  — A  head-end  collision  occurred  be- 
tween a  passenger  aud  a  freight  train  at  Dame's  Ferry  on  the 
East  Tennessee,  Virginia  &  Georgia  Railroad  here  to-night. 
Fireman  Pat  Rogers  and  Doyle  Thorn,  engineer,  were  killed. 

Leadville,  Col.,  July  21.  — While  rounding  a  short  curve 
here  this  morning  Edward  Malloy,  a  fireman  on  the  Colorado 
Midland  Railway,  was  thrown  from  his  engine.  Hisskull  was 
fractured,  and  he  was  otherwise  fatally  injured. 

Colorado  Springs,  Col.,  July  21. — A  passenger  train  on  the 
Atchison,  Topeka  &  Santa  Fe  Railroad  ran  into  a  steer  this 
morning  ;  the  engineer  and  fireman  jumped  aud  were  slightly 
injured. 

Norwich,  Conn.,  July  22. — Dwight  Beebe,  fireman  on  a 
freight  train  of  llie  New  York  &  New  England  Railroad,  was 
struck  by  another  train  to-day.  His  left  hand  was  severed, 
his  skull  fractured  and  right  arm  broken  ;  he  died  shortly 
afterward. 

Texarkaua,  Tex.,  July  23. — There  was  a  collision  on  the 
Texas  Pacific  Railway  between  two  fast  trains  this  morning. 
Edw  ml  Grimm,  an  engineer,  and  Allen,  a  fireman,  were  killed. 

Sauduskv,  <>.,  July  23. — A  passenger  train  on  the  Colorado, 
Sandusky  &  [locking  Railroad  collided  with  a  swifeb  engine 
to-day.  John  Van  Horn,  engineer  of  the  passenger  train,  was 
killed. 

North  Bend,  0.,  July  23.— The  Chicago  Express  on  the  Big 


Four  collided  with  a  freight  train  at  Griffiths  this  morning. 
The  fireman  of  the  freight  engine  was  killed,  and  Engineer 
Differ,  of  the  freight  engine,  was  badly  injured,  as  was  also 
Frank  Driver,  engineer,  and  a  fireman  named  Lam  pier. 

Ilantsport,  N.  S.,  July  23.— A  collision  occurred  on  the 
Windsor  &  Annapolis  Railway  between  an  excursion  train  and 
the  special.  Fred.  Miller,  an  engineer,  was  injured  in  jump- 
ing from  the  engine,  he  hail  his  face  cut.  his  nose  broken  ;  fire- 
man McNair  was  cut  about  the  face  and  slightly  injured  about 
the  bead  and  shoulders. 

Lima,  O.,  July  23.— An  attempt  was  made  to  wreck  the  pay 
train  on  the  Cincinnati,  Hamilton  &  Dayton  Road  to  day.  The 
engine  was  partly  wrecked  and  engineer  Sweetman  and  fire- 
man Kirehner  badly  injured.  The  work  was  done  by  running 
freight  cars  down  on  tbe  main  track. 

Dunkirk,  N.  Y.,  July  23. — A  special  on  the  Dunkirk,  Alle- 
gheny Valley  &  Pittsburgh  Railroad  ran  into  an  open  switch 
at  Fredonia  to-night  and  was  wrecked.  Fireman  Keppell  and 
Engineer  Kimball  jumped,  the  fireman  sustaining  serious 
injuries,  while  the  engineer  escaped  with  a  sprained  ankle 
and  slight  bruises. 

White  Cloud,  Kan.,  July  24.— A  freight  train  on  the  Chi- 
cago, Burlington  &  Quincy  Railroad  ran  into  a  landslide  at 
Gibraltar  to-day.  The  engine  tipped  over  and  tbe  engineer 
was  slightly  injured  by  baving  his  fingers  cut. 

Pittsburgh  Pa.,  July  2."i.  — Spreading  of  the  rails  in  the 
yards  of  the  Edgar  Thompson  Steel  Works  at  Braddock  caused 
an  engine  and  cars  belonging  to  the  Carnegie  Company  to  be 
derailed.  Fireman  McCauley  and  Engineer  John  McCauley 
were  seriously  injured. 

Lafayette,  Ind.,  July  26.— A  collision  occurred  between  two 
trains  on  the  Wabash  Railroad  4  miles  from  here  to-night. 
Engineer  Clarke  and  Fireman  Brown  jumped  ;  the  engineer 
was  fatally  injured,  the  fireman  seriously. 

Ashland,  Wis.,  July  27. — The  relief  train  on  the  Wisconsin 
Central  Road  for  the  sufferers  of  the  forest  fires  was  burned 
to-day.     Both  engineer  and  fireman  were  injured. 

Portage,  Wis.,  July  27.  — A  passenger  train  on  the  Wisconsin 
Railroad  collided  with  a  switch  engine  here  to-day.  Engineer 
O.  L.  Blanchard  was  badly  bruised. 

St.  Paul,  Minn.,  July  27.— A  freight  transfer  on  the  Chi 
cago,  Milwaukee  &  St.  Paul  Railroad  was  side-tracked  near 
Mendotta  to-night.  The  engineer  and  fireman  were  immedi- 
ately attacked  by  strikers,  though  neither  were  seriously  hurt. 

Dansville,  111.,  July  28.— Jo  Burns,  an  engineer  on  the  Chi- 
cago &  Eastern  Illinois  Railroad,  was  shot  this  afternoon  by 
strikers.  He  was  shot  through  the  lungs,  and  died  from  the 
effects  of  the  wound. 

Columbus,  O.,  July  28. — Two  Hocking  Valley  engines  col- 
lide! on  account  of  a  misplaced  switch  to-night  Engineer 
Thomas  Burke  was  caught  and  badly  injured. 

Chattanooga,  Tenn.,  July  29  — Engineer  John  Lynch,  on  the 
Queen  &  Crescent  Line,  saw  an  open  switch  just  ahead  of  him 
while  running  a  fast  mail  train  to-night  ;  he  stuck  to  his  train 
and  saved  it.  The  fireman  jumped  and  was  badly  injured. 
The  switch  was  misplaced  by  train  wreckers. 

Cincinnati,  O. ,  July  30. — An  express  train  on  the  Baltimore 
&  Ohio  Southwestern  ran  into  a  freight  train  2  miles  west  of 
Aurora,  Ind.,  this  afternoon.  Tbe  engineer  and  fireman  of  the 
passenger  train  were  killed. 

Cochran,  Ind.,  July  30. — An  express  train  on  the  Ohio  and 
Mississippi  Railway  ran  into  a  freight  train  here  to-night.  John 
Little,  engineer  of  the  passenger  train,  was  fatally  injured  ; 
Daniel  Cadden  was  also  caught  in  the  wreck  and  lost  a  leg. 

Ithaca.  N.  Y.,  July  30. — A  loaded  coal  train  on  the  Lehigh 
Valley  Railroad  collided  with  a  passenger  train  near  here  to- 
day. "  Engineer  Hawkins  was  badly  hurt  and  Fireman  C.  B. 
Minor  instantly  killed. 

Columbus,  O.,  July  30. — A  serious  freight  wreck  occurred 
in  tbe  Columbus,  Rocking  Valley  &  Toledo  Yards  today  by 
a  switch  having  been  left  open,  causing  two  engines  to  jump 
the  track.  Tom  Burke,  one  of  the  engineers,  was  painfully 
injured. 

Field,  B.  C,  July  30.— The  boiler  of  the  locomotive  on  the 
Canadian  Pacific  Railway  freight  train  exploded  on  a  grade 
near  here  to-night.  Engineer  Wheatley  and  Fireman  Hunt 
were  killed. 

Our  report  for  July,  it  will  be  seen,  includes  50  accidents,  in 
which  21  engineers  and  15  firemen  were  killed,  and  25  engineers 
and  25  firemen  were  injured.  The  causes  of  the  accidents  may 
be  classified  as  follows  ; 

Boiler  explosion 1 

Cattle  on  track 2 

Collisions 19 

Derailments 1 

Falling  from  engine 1 
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Killed  by  strikers 2 

Landslide 1 

Misplaced  switch G 

<  instruction  on  track 2 

Hails  spreading 1 

Struck  liy  train 1 

Train  burned 1 

Train  wreckers 9 

Trestle  burned 1 

Unknown 2 

Total 50 

♦ 

PROCEEDINGS  OF  SOCIETIES. 


Association  of  Engineers  of  Virginia,  at  the  midsummer 
meeting,  held  on  July  14,  Mr.  Staples  gave  a  talk  on  the  con- 
struction of  the  canals  connecting  the  head  waters  of  the  Wis 
consin  and  those  of  the  Illinois  rivers.  The  special  feature  of 
the  work  is  the  entire  use  of  concrete  masonry  in  the  walls, 
locks,  etc. ,  which  were  put  in  at  a  cost  averaging  about  $8  per 
yard. 

Master  Car  &  Locomotive  Painters'  Association.— The 
twenty-fifth  annual  convention  of  the  Master  Car  &  Locomo- 
tive Painters'  Association  will  be  held  at  Buffalo,  N.  Y.,  on 
the  12th,  13th  and  14th  of  this  month,  convening  at  10  o'clock 
a.m.,  on  Wednesday  the  12th.  The  headquarters  of  the  Asso- 
ciation will  be  at  the  Genesee  Hotel,  where  thorough  arrange- 
ments have  been  made  for  all  in  attendance.  The  following 
arc  the  lists  of  subjects  that  will  be  presented  in  the  papers 
and  discussed  :  1.  What  is  the  best  method  of  keeping  accounts 
in  the  paint  shop  ?  Labor  and  material '!  2.  What  methods  and 
materials  produce  "best  results  in  repainting  passenger  cars  that 
are  badly  cracked,  and  is  there  any  method  by  which  cracks 
in  old  paint  can  be  obliterated  without  burning  off '!  3.  In 
adopting  a  classification  of  repairs  to  passenger  cars,  what  are 
the  various  conditions  of  the  paint  or  surface  that  should  de- 
termine the  class  of  repairs,  or  what  standard  can  be  adopted 
by  which  to  determine  when  the  condition  of  the  paint  re- 
quires a  certain  class  of  repairs  Y  4.  An  essay  on  Painting  Pas- 
senger Cars,  in  the  form  of  questions  and  answers.  5.  What 
is  the  best  method  of  computation  and  establishing  rates  for 
piece-work  on  the  different  classes  of  painting  repairs  for  pas- 
senger equipment  cars  ?  0.  What  is  the  best  method  of  com- 
putation and  establishing  rates  for  piece-work  on  the  different 
classes  of  painting  repairs  fur  locomotives?  7.  What  is  the 
best  method  to  adopt  to  insure  the  proper  care  of  and  prevent 
loss  of  paint  shop  tools — namely,  brushes,  chamois  skins, 
sponges,  dusters,  buckets,  cups,  etc.  ?  8.  What  advantages 
if  any  arc  there  in  using  ready  prepared  primers  and  surfacers 
011  cars  and  locomotives  in  preference  to  those  prepared  from 
our  own  formulas,  convenience,  time  and  durability  consid- 
ered '.'  !i  What  primers  and  surfacers,  or  formulas  for  the 
same,  which  do  not  contain  white  lead,  have  proven  satisfac- 
tory substitutes  for  lead  primers  and  surfacers  on  the  outside 
of  passenger  cars  and  locomotives  ?  10.  What  style  of  finish 
in  the  construction  of  passenger  equipment  cars  is  the  most 
desirable  from  a  painter's  standpoint— namely,  the  easiest 
painted  or  cleaned  and  kept  in  repair,  durability  and  economy 
considered '!  The  panel  sliding  with  battens,  or  a  2  or  2|-in. 
beaded  or  tongue  and  groove  sliding. 
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THE  KNOWLES  AUTOMATIC  EXHAUST  RELIEF 
VALVE. 


The  folic, wing  appointments  have  recently  been  made  on 
the  Great  Northern  Railway  Line  :  Mr.  G.  II.  Jenks.  Super- 
intendent Northern  Division,  vice  C.  C.  Ponsonby,  trans 
ferred.  Mit.  0.  O.  Winter,  Superintendent  Willmar  Divi- 
sion. Mr.  Winter  will  also  continue  in  charge  of  the  Breck- 
enridgc  Division  as  Acting  Superintendent  until  further  notice. 
Mr.  ('.  II.  Cannon  is  hereby  appointed  Superintendent  of 
Car  Service. 

Mr.  I).  McLaren  is  appointed  General  Superintendent  of 
the  Montana  Central  Railway  and  operated  lines. 

Mr.  R.  W.  Bryan  having  resigned,  the  following  appoint- 
ments are  made,  in  effect  August   !■"">,  1*!»4  :  Mr.  E.  W.  M< 
Henna,  General  Superintendent  Eastern  District.    Mr.  J.  D. 
Fakhei.i.,  General  Superintendent  Western  District. 

E.  L.  Corthell  announces  that  he  has  removed  his  offices  to 
No.  71  Broadway,  New  York. 


TrrE  valve  shown  by  the  accompanying  engraving  Is  one  of 
the  latest  improvements  applied  to  an  engine  and  its  condenser. 
It  is  intended  to  be  placed  in  a  branch  leading  from  the  main 
exhaust  pipe  to  the  atmosphere.  The  application  of  this 
valve  is  very  necessary  to  an  engine  whose  stoppage  caused  by 
failure  of  the  vacuum  in  the  condenser  would  meet  with  serious 
results.  Sometimes  through  air  leaks,  accident  to  the  air  pump 
or  the  cessation  of  the  injection  water  supply,  the  exhaust 
steam  from  the  engine  accumulates  in  the  condenser  and  ex- 
haust pipe,  increasing  the  pressure  and  shortly  stopping  the 
engine.  Also  the  hot  steam  passing  into  the  air  pump  de- 
stroys the  rubber  valves  and  removes  the  load  from  the  air 
pump,  causing  it  to  race  and  do  serious  damage.  To  prevent 
this  and  give  the  accumulated  steam  free  admission  to  the  at- 
mosphere, the  Knowles  automatic  exhaust  relief  valve  was 
designed.  The  valve  proper  is  practically  a  cheek  valve  com- 
posed of  a  material  unaffected  by  steam  heat  and  fitting  per- 
fectly air-tight  on  a  brass  seat  contained  within  a  cast  iron 
spherical  chamber.  This  valve  remains  seated  and  perfectly 
inactive  as  long  as  the  engine  is  running  with  a  vacuum,  but 
as  soon  as  this  is  lost,  due  to  the  above  reasons,  the  pressure  in 
the  exhaust  pipe  immediately  opens  the  relief  valve,  allowing 
the  engine  to  run  non-condensing.  When  the  condensing  ap- 
paratus is  again  in  working  order  and  the  vacuum  obtained, 


the  valve  closes  automatically  without  shock  or  jar.  At  fiist 
thought  it  would  seem  as  if  an  ordinary  check  valve  would 
answer  the  same  purpose,  but  this  would  soon  hammer  itself 
out  of  shape  from  the  intermittent  action  of  the  engine's  ex- 
haust, and  allow  the  air  to  enter  and  spoil  the  vacuum.  To 
prevent  this  pounding  and  save  wear  and  tear  on  the  valve,  a 
dash  pot  is  provided,  whose  piston  is  connected  by  a  double 
lever  to  the  valve,  and  moving  simultaneously  with  it.  In  the 
bottom  of  the  dash  pot  cylinder  is  a  small  hole  covered  by  a 
valve  opening  to  the  interior  of  the  cylinder.  As  soon  as  the 
main  valve  rises  the  piston  follows,  allowing  the  air  to  enter 
tJte  cylinder  through  the  small  valve.  When  the  vacuum  is 
again  obtained,  the  atmospheric  pressure  forces  the  main  valve 
back  on  its  seat,  thereby  compressing  the  air  in  the  dash  pot, 
which,  on  account  of  the  closure  of  the  small  valve,  slowly  es- 
capes between  the  piston  and  cylinder,  allowing  the  main  valve 
to  seat  itself  without  shock  or  jar.  This  valve  offers  little  or 
no  obstruction  to  the  exhaust  steam  in  case  the  engine  is  to 
run  non  condensing,  and  can  be  held  wide  open  for  this  pur- 
pose by  an  attachment  shown  on  the  engraving. 

These  valves  are  manufactured  in  various  sizes  to  suit  all 
requirements,  and  are  for  sale  by  the  Knowles  Steam  Pump 
Works,  93  Liberty  Street,  New  York. 
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MOSHER  WATER-TUBE  BOILER 


Ix  the  designing  of  a  water-tube  boiler  for  marine  work  it 
is  necessary  that  it  should  be  so  arranged  that  it  will  occupy 
the  least  possible  space  and  at  the  same  time  have  its  parts  so 
related  to  each  other  that  the  expansion  and  contraction  of  the 


FROST  MEW  OI  Mu-HER-   WATER-TUBE  MARINE  BOILER 

heated  metals  have  the  chance  for  a  free  movement.     All  of 
the  generating  parts  should  be  of  so  small  a  diameter  that  in 
case  any  of  them  should  be  ruptured  it  will  not  necessarily  in- 
volve a  disaster.     Circulation  should  be  provided  for  sotbat 
not  only  the  water  will  pass  freely  from  the  cooler  to  the  more 
heated  "portions  of  the  boiler,  but  that  the  steam  should  have 
an  opportunity  to  liberate  itself  freely  from 
the  water.     It"  is  also  very  desirable  that  the 
passage  of  gases  in  going  from  the  fire  to  the 
stack  should  move  as   nearly  as   possible  at 
right  angles  to  the  heating  surfaces.     The  feed 
water  should   not   come  in  contact  with  the 
boiler  plates,  and  ample  facilities  should  be 
provided  for  cleaning  the  tubes  and  other 
parts.     In  addition   to   the  above  the  boiler 
should  show  an  economical  efficiency  in  work- 
ing condition  " 

The  boiler  which  we  illustrate  in  this  con- 
nection is  one  that  has  been  designed  by  Mr. 
C.  D:  Mosher.  and  has  been  applied  to  the  fast 
yachts  Feiuen  and  Norwood,  which  have  a 
record  of  31.06  miles  and  30.5  miles  respec- 
tively. They  also  have  been  used  in  more 
than' half  of  the  torpedo  boats  of  the  United 
States  >~avy. 

Fig.  1  is  a  cross-sectional  elevation  of  a 
boiler,  showing  the  general  construction  ;  from 
this  it  will  be  seen  that  the  boiler  consists  of 
two  practically  independent  boilers,  either  one 
of  which  can  be  used  separately  and  inde- 
pendently of  the  other.  The  brick  wall  which 
rises  between  the  two  grates  carries  a  coil  of 
pipe  through  which  water  is  made  to  circulate. 
These  pipes  are  connected  at  each  end  by 
return  bends  and  absorb  a  large  portion  of 
the  heaf  existing  in  the  brick  wall,  thus  greatly 
increasing  the  durability  of  the  latter.  The 
generating  tubes  start  from  the  upper  portion 
of  the  water  drum  and  are  open  to  form  the  sides  and  top  of 
the  furnace  :  they  are  then  bent  upward  and  outward  to 
where  they  connect  the  upper  portion  of  the  water  drum. 

They  extend  the  full  length  of  the  drums,  and  are  bent  so  as 
to  form  a  wall  protecting  the  casing  from  the  heat  of  the  fur- 
nace ;  these  tubes  are  spaced  their  own  diameter  apart,  longi- 


tudinally, but  in  staggered  rows,  where  they  enter  the  steam 
and  water  drums.  While  in  the  circumferential  rows  the}"  are 
spaced  a  somewhat  greater  distance  apart.  In  this  way  the 
lower  rows  of  tubes  are  so  bent  and  interlocked  with  one  an- 
other that  they  form  a  solid  wall  over  and  along  the  sides  of 
the  furnace,  as  shown  in  the  sectional  plan,  fig.  3.  The  same 
thing  is  done  with  the  outward  tubes,  forming  a 
similar  wall  along  and  under  the  whole  length  of 
the  boiler,  as  shown  in  fig.  3.  The  back  portion  of 
the  inner  row  of  tubes,  however,  is  left  staggered 
for  the  passage  of  gases,  as  is  also  shown  in  fig.  3. 
Fig.  2  is  a  longitudinal  section  of  the  boiler  with 
the  brick  wall"  removed,  showing  the  passage  of 
gases.  It  will  be  seen  that  just  forward  of  the 
center  of  the  boiler  there  is  a  baffle  plate  extending 
down  from  the  top.  beneath  which  the  gases  must 
pass  on  their  way  to  the  stack  ;  the  object  of  this 
is  to  cause  the  gases  to  come  more  intermediately 
in  contact  with  the  tubes  that  are  filled  with  solid 
water. 

Circulation  takes  place  down  through  the  out- 
ward rows  of  tubes  to  the  water  drum  and  up 
through  the  generating  tubes,  where  it  is  converted 
into  steam  and  delivered  above  the  water-line  into 
the  steam  drum  against  a  baffle  plate  under  which 
the  steam  is  caused  to  flow  thence  through  the  sep- 
arators shown  in  fig.  1.  where  any  entrained  water 
is  removed  before  entering  the  steam  pipes. 

The  separator  consists  of  a  spiral  tube,  as  shown 
in  fig.  1,  made  of  sheet  metal,  with  the  edges  over- 
lapping and  forming  a  slot  which  opens  downward. 
This  tube  extends  nearly  the  full  length  of  the 
steam  drum,  and  contains  a  worm.  One  end  is  at- 
tached to  the  steam  pipe,  while  the  other  is  left 
open. 

A  perforated  hood  surrounds  the  upper  portion 
of  this  tube,  and  the  lower  portion  forms  a  trap  ex- 
tending only  a  short  distance  in  length,  while  the 
upper  portion  extends  somewhat  beyond  the  en- 
closed tube,  both  ends  of  the  hood  being  closed,  one 
end  allowing  the  tube  to  pass  through  it  where 
is  attached  to  the  steam  pipe.  5T3 

In  action  the  steam  or  vapor  enters  the  perforations, 
which  extend  the  whole  length  of  the  top  side  of  the  hood,  and 
passes  back  through  the  space  between  the  hood  and  the  tube, 
then  enters  the  end  of  the  slotted  tube,  where  the  steam  is  caused 
to  take  a  rotary  motion  by  the  worm  or  auger- formed  screw,  the 
centrifugal  motion  thereby  created  causing  the  water  to  be 
thrown  to  the  outside,  where  the  overlapping  lips  of  the  tube 


Fig.   I. 
TRANSVERSE  SECTION. 

catch  any  entrained  water  and  deliver  it  to  the  trap  below, 
where  it  overflows.  It  will  be  seen  that  this  separator  really 
consists  of  several  separators  contained  in  one,  as  each  convo- 
lution of  the  worm,  in  combination  with  the  overlapping  edges 
of  the  tube,  forms  a  separator  of  itself.  A  special  feature  of 
this  separator,  wherein  it  differs  from  all  others,  is  that,  after 
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ibe  BeparatioD  has  once  taken  place,  the  water  of  separation 
in  come  in  contact  with  the  currents  of  steam. 

one  advantage  claimed  for  this  boiler  is  the  independence 
of  the  two  halves,  so  that,  should  one-  half  Ik-  injured  by  a  shot, 
the  other,  by  continuing  to  work,  ;i  >  c->  the  vessel  an  oppor- 
tuniiy  to  escape.  The  center  of  gravity  is  very  low,  which  is 
a  feature  which  will  be  appreciated  in  marine  boilers. 

In  some  ti  sts  made  with  these  boilers  on  an  8-hour  run, 
where  there  was  1. 100  sq.  ft.  of  heating  surface,  with  a  . 
area  of  33  sq.  ft..  235  lbs.  of  coal  were  burned  per  hour,  or  7.1 
lbs.  per  square  foot  of   grate.     The  water  evaporated   at   185 
lbs.  pressure  from  73    F.  was  it  the  rate  of  2.143  lbs.  per  hour. 


This  figuresoul  that  the  useful  effect  or  efficiency  of  evaporated 
water  is  76  per  cent. 
Boilers  of  this  type  are  now  being  built  for  several  vessels, 
t  \v  hieh  is  guaranteed  to  be  a  ri  cord  breaker,  and  is  being 
constructed  by  the  builders  of  the  Yanket  DootlU, 


THE  THURMAN  FUEL  OIL  BURNER 


1  up,  engraving  herewith  (fig.  li  represents  this  burner,  and 
the  sketch  (fig.  2)  shows  its  application  to  a  boiler,  forges  and 
a  glass  furnace.  The  operation  of  the  burner  is  as  follows  : 
The  oil  is  stored  in  an  underground  tank,  D,  shown  by 
dotted  lines  in  fig.  2.  Compressed  air  is  carried  to  this 
tank  through  the  pipe  B,  which  forces  the  oil  up 
through  the  pipe  V  totheburncis  F  F  F.  Oil  is  ad- 
mitted to  the  burner,  shown  in  fig.  1  by  a  pipe,  J/,  and 
steam  or  compressed  ait  by  the  pipe  N.  The  stream 
of  oil  and  stream  of  air  mingle  in  the  burner,  and  the 
oil  is  thus  thoroughly  "atomized."     A  stream  of  hot 


Fig    2. 

I.0N1UTTDINAL   SECTION     FIRE-BRICK  WALL  REMOVED. 


-: 


Fig 


F'g-  3 
I  [ORAL  PLAN 

The  temperature  in  the  ^tai  k  was  44:!  F.  and  the  water  evap- 
orated per  pound  of  coal  was  918  lbs.  ;  reducing  this  to  water 
evaporated  per  pound  of  coal  and  at  212  ,  we  have  10.92  lbs. 
per  pound  of  coal,  or  11. 117  lbs.  per  pound  of  combustible. 


air  is  also  conducted  to  the  burner  by  the  pipe  0.  This 
hot  air  is  intimately  mingled  with  the  atomized  oil,  and 
escapes  from  the  mouth  of  the  burner  into  the  furnace, 
aud  then  contains  within  itself  all  the  elements  of  com- 
bustion, and  when  lighted,  perfect  combustion  results, 
and  continues  uninterruptedly  so  long  as  the  mingled 
stream  of  atomized  oil  and  air  is  delirered  into  the  fur- 
nace. 

In  fig.  2  J  is  the  air  compressor.  Through  pipe  li 
the  compiessed  air  presses  on  the  surface  of  the  oil  in 
tank  D.  forcing  the  oil  through  the  pipe  C  direct  to  the 
burners  F  F  F,  where  it  is  met  by  the  pi 
ure  of  air  from  the  same  source  of  power. 
.V  3"  .V  JV  is  the  hot-air  pipe  from  furnace. 
The  proportions  of  oil  are  regulated  by  the 
burner  valves  K  E  K  K,  and  proportions  of 
air  are  regulated  by  the  valves  .T.J  J  J.  The 
burner  under  the  boiler  M  can  be  operated 
by  either  air  or  steam.  L  is  the  steam  valve, 
P  is  the  inlet  to  tank  and  R  is  the  vent. 
The  air  pressure  thoroughly  atomizes  the 
oil.  and  the  oil  atoms  and  air  atoms  inti 
mately  commingle  with  the  hot-air  atoms 
from  the  furnace,  and  pass  from  the  mouth 
of  the  burner  in  a  highly  combustible  and 
vaporous  form  with  perfect  combustion.  In 
this  system  steam  can  be  substituted  to  at- 
omize the  oil  instead  of  air  by  substituting 
an  oil  pump  and  stand  pipe  instead  of  the 
air  compressor  and  receiver. 

This  system  of  burning  crude  oil  is  ada]  ited 
to  all  classes  of  work,  such  as  boilers,  re- 
verberatory  furnaces  of  all  kinds.  Copper 
and  brass,  it  is  said,  are  melted  in  crucibles 
atone-half;.  [  coal,  and  the  crucibles 

are  more  permanent.  Puddling,  forges,  dry- 
ers of  all  descriptions.  Qlass  making  and 
working  are  successfully  accomplished  with 
large  savings  in  fuel.  Burning  brick,  tile 
and  pottery  of  all  kinds.  The  burneis  gen- 
erate pure  hydro-carbon  gas,  and  wherever 
used  every  unit  of  heat  the  oil  contains  is 
utilized  and  applied  without  any  expensive 
intermediate  process  of  treatment. 

The    numerous    advantages    of    oil   over 

coal    for    fuel   will   readily    be   appreciated 

from    the    following    facta  :    It    diminishes 

the  expense  of  handling  coal.     It  .costs  at  least  5  cents  per 

ton  to  unload  it.  providing  you  have  a  switch  to  your  bins, 

before  it  &  distributed  about  the  plant.     There  is  a  shrin: 

!< r  cent,  in  weight,  and   about   the   same   in  waste  by 
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handling.  It  is  an  impossibility  to  burn  and  not  consume  a 
certain  amount  of  coal  from  which  no  benefit  is  derived,  caused 
by  the  necessity  of  opening  the  doors,  and  cold  air  rushes  in, 
causing  an  immediate  and  reverse  change  to  take  place,  while 
with  oil,  if  your  tiies  are  too  hot,  turn  a  valve,  save  your  fuel. 

The  labor  of  feeding  the  tires,  clinkering  the  boxes,  taking 
care  of  ashes  and  the  wear  on  boilers,  kilns  are  not  needed  in 
the  use  of  oil. 

One  car  of  oil  is  said  to  be  equal  to  thiee  cars  of  coal,  and 
by  attaching  a  rubber  hose  or  gas-pipe,  in  2  hours  you  have 


the  cock,  one  behind  the  other,  and  one  of  which  is  cast  in  one 
piece  with  the  central  stem  as  shown,  having  a  pin  projecting 
from  its  center,  designed  to  strike  against  the  face  of  the  sec- 
ond valve. 

The  operation  is  as  follows  :  Steam  being  on  the  boiler,  the 
pressure  would  force  both  valves  to  their  seats  as  shown.  To 
open  the  valve,  turn  the  handle— which  is  attached  to  the  sleeve 
outside  of  the  screw — from  right  to  left,  which  will  unscrew 
on  the  central  stem  ;  then  by  pushing  the  handle  in  toward  the 
boiler,  the  central  stem  would  slide  inward,  forcing  the  first 


SHOP  EQUIPPED  WITH  THURMAN'S  FUEL-OIL  BURNERS. 


obtained  the  results  of  ihe  labor  of  one  man  for  H  days,  and 
only  consumed  about  10  minutes  in  preparing  for  the  operation 
of  unloading,  which  afterward  needs  no  attention.  Bvthe  aid 
of  a  pump  your  fuel  is  distributed  and  always  ready  tor  use. 

The  Thurman  Fuel  Oil  Burner  Company,  of  Indianapolis, 
Ind.,  are  desiguers.  contractors  and  engineers  for  complete 
fuel  oil  equipment. 


ASHLEY'S  AUTOMATIC  GAUGE  COCK. 

ASHLEY'S   SAFETY  AUTOMATIC  GAUGE-COCK 


Tin-  gauge-cock  is  especially  adapted  t"  locomotive  and 
portable  boilers,  as  will  appear  from  the  description.  It  sen  »  - 
into  the  boiler  or  water  column,  as  shown  in  the  engraving. 
The  sectional  view  shows  two  valves,  and  two  valve  seats  in 


valve  from  its  seat  a  short  distance,  when  the  pin  attached  to 
the  back  of  the  first  valve  would  strike  the  face  of  the  second 
valve  and  force  it  from  its  seat.  The  steam  would  then  flow 
through  the  spiral  wings  of  the  second  valve  and  through  the 
first  valve  into  the  atmosphere,  in  its  passing  causing  the  sec- 
ond valve  to  rapidly  revolve  by  its  action  on  the  spiral  wings 
or  flanges,  thus  cutting  loose  all  scale  or  sediment  which  may 
have  lodged  in  the  valve  chamber ;  the  steam 
blowing  through  would  carry  the  sediment  with  it 
and  cleanse  the  valve.  If  the  engineer  lets  go  of 
the  handle,  the  pressure  of  steam  would  instantly 
force  the  valves  to  their  seats  ;  but  as  the  second  or 
flanged  valve  comes  to  its  seat  a  little  before  the 
first  valve,  ami  as  it  is  being  rapidly  rotated  by  the 
action  of  the  steam  on  its  flanges,  it  strikes  the 
seat  while  revolving  and  regrinds  the  valve  seat 
slightly  each  time  the  valves  arc  closed.  The 
next  feature  is  the  arrangement  ot  the  second 
valve  and  its  seat.  Suppose  the  gauge-cock 
should  be  broken  oft  of  the  boiler  in  a  collision  or 
by  a  blow,  it  would  of  course  break  just  outside 
of  the  boiler  sheet,  the  weakest  part,  which 
would  leave  the  second  valve,  which  is  within 
the  boiler,  closed,  and  consequently  the  engineer 
would  not  be  scalded  ;  and  if  it  should  happen 
when  his  engine  was  running,  he  would  not 
have  to  stop  his  engine,  as  he  would  other- 
wise be  forced  to  do.  The  screw  ■_'  tits  into 
the  groove  of  the  central  stem  and  keeps  the  stein  from  re- 
volving. After  the  valves  have  automatically  closed  by  the 
pressure  of  steam,  the  engineer  can  screw  up  the  handle  which 
would  draw  the  first  valve  to  its  seat,  and  it  could  not  be  acci- 
dentally forced  opeu  by  being  pressed  against.  .Manufactured 
and  for  sale  by  Frank  M.  Ashley,  M.K..  136  Liberty  Street, 
New  York  City. 2 
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NOTES. 


A  Correction. — Owing  to  a  typographical  error,  the  price  of 
oil  tallow  and  waste  for  the  Ffint  &  Pere  Marquette  Railroad 
was  placed  at  1.63  cente  per  mile  in  our  locomotive  returns 
for  April.  It  should  hare  been  0.163  cent.  This  includes 
illuminating  and  lubricating  oils  and  waste. 

The  "New  York."— Since  a  recent  examination  of  the 
cruiser  Nat  York  has  been  made  it  has  been  decided  that  the 
midship  ammunition-room  is  too  near  the  boilers,  and  it  is 
probable  that  this  room  will  hereafter  be  used  as  a  coal  bunker 
in  accordance  with  the  recommendation  made  by  the  Board  of 
Inspection. 

Six-Camera  Telescope— A  new  instrument  in  the  form  of 
a  photographic  telescope  with  six  cameras  has  recently  been 
completed  for  the  Yale  Observatory.  By  means  of  it,  it  would 
be  possible  to  take  six  simultaneous  photographs  ;  one  of  the 
applications  being  to  take  simultaneous  photographs  of  meteors 
by  closing  electrical  circuits  at  different  points  where  single 
telescopes  are  erected. 

The  East  River  Tunnel.  —  The  tunnel  under  the  East 
Rivet  from  East  Seventy-first  Street,  in  New  York,  to  Ravens- 
wood,  a  section  of  Long  Island  City,  has  just  been  completed. 
It  was  built  for  the  East  River  Gas  Company.  The  tunnel  is 
arched  with  heavy  steel  plates  in  all  places  where  it  was  not 
excavated  through  solid  rock.  It  will  be  concreted  to  make  a 
perfect  floor  for  the  company's  purposes.  From  the  genera- 
tors at  Ravenswood  three  immense  mains,  one  48  in.  in  diame- 
ter and  two  36  in.  each,  will  carry  gas  to  New  York,  where 
it  will  enter  the  service  pipes  of  the  "company  and  be  distributed 
throughout  the  city.  The  level  of  the  tunnel  is  135  ft.  below 
the  surface  at  the  New  York  end  and  14?  ft.  at  Ravenswood. 
In  length  it  is  2,541.4  ft.;  in  width,  10  ft.,  and  in  height,  8i  fL 
in  thecenter  of  the  arch.  There  were  about  216,000  cub.  ft- 
of  earth  and  rock  removed  from  the  excavation. 

The  "  Minneapolis."— The  Trial  Board  have  made  their  re- 
port to  the  Secretary  of  the  Navy  regarding  the  recent  trial 
trip  of  the  Minruapdlu!  reported  in  our  last  issue.  According 
to  the  report,  the  least  water  of  the  44-knot  course  was  30 
fathoms.  There  are  a  few  little  deficiencies  incident  to  an  in- 
complete ship,  such  as  pumps,  cellulose  fillings,  etc.  On  start- 
ing on  her  trial  trip  the  displacement  was  7.475  tons.  The 
speed  attained  after  making  tidal  corrections  was  23.53  knots 
per  hour  :  the  report  states  that  the  performance  of  the  ma 
ohinery  was  highly  satisfactory,  that  the  engines  ran  smoothly, 
and  that  there  was  no  tendency  to  heating  except  the  high- 
pressure  cross-head  bearings  of  the  intermediate  cylinder  of 
the  port  engine  ;  boilers  worked  under  forced  draft  and  showed 
no  evidence  of  priming.  The  collective  indicated  H.P.  of  the 
main  engines  during  the  trial  run  was  20,366  ;  that  of  all  the 
machinery  in  use.  20,812.  It  seems  that,  owing  to  a  lack  of 
power  or  a  great  reduction  of  steam  by  the  reducing  valve,  the' 
requirement  that  the  helm  be  put  hard  over  from  port  to  star- 
board cannot  be  done  in  the  time  required.  The  Board  recom- 
mended that  hereafter  vessels  are  not  to  have  their  speed  trial 
until  completely  fitted  in  all  respects  excepting  the  armament 
fittings  and  paint  inside  and  out. 

Standard  Brake  Company.  —This  company  has  been  per- 
fecting a  new  triple  valve  for  air  brakes  that  does  not  infringe 
on  any  other  patents  and  that  is  perfectly  interchangeable  with 
thosenow  in  use.  It  has  also  these  valuable  improvements  : 
1.  It  will  release  the  brakes  on  long  trains  with  certainty.  2. 
The  auxiliary  reservoirs  can  be  recharged  while  the  brakes  are 
still  applied  as  well  as  while  they  are  off.  3.  By  the  addition 
of  one  part  to  the  above-mentioned  triple  valve  (which  we 
have  named  the  "  accelerator"  1  we  are  enabled  to  apply  the 
brakes  much  more  quickly  than  is  done  at  present.  While  the 
"  accelerator"  forms  a  part  of  the  triple  valve,  it  is  also  manu- 
factured separately,  so  that  it  can  be  attached  to  other  com- 
pressed air-brake  systems.  This  company  has  sent  us  indicator 
diagrams  showing  that  with  their  accelerator  the  brakes  are 
applied  very  much  more  quickly  than  they  are  with  the  ordi- 
nary triple  valve.  Mr.  Dudley,  in  his  report  to  the  New  York 
Central  i  Hudson  River  Railroad  Company  on  the  air-brake 
tests  made  by  him  two  years  ago,  states  that  it  is  more  difficult 
now  to  decrease  the  time  of  application  of  the  brakes  «n  a  50- 
car  train  by  -}T,  second  than  it  was  some  years  ago  to  decrease 
it  from  10  seconds  to  'A~_.  as  Mr.  \YV stiDghouse  did  when  he  in- 
vented his  "  quick-action"  device. 

University  of  California. — This  free  university  was  incor- 
porated by  the  Legislature  of  California  in  1868.     The  United 


States  gave  the  State  land  valued  at  $2,500,000.  of  which  over 
$2,000,000  in  value  have  been  sold  and  invested,  the  interest 
upon  which  is  annually  applied  toward  the  expenses  of  this 
university,  which  has  colleges  of  letters  (classical  and  literary 
courses  1.  agriculture,  mechanics,  mining,  civil  engineering  and 
chemistry,  all  located  at  Berkeley.  The  colleges  of  law,  den- 
tistry, medicine  and  pharmacy,  and  the  Mark  Hopkins  Art  In- 
stitute are  located  in  San  Francisco,  and  the  Lick  Astronomi- 
cal Department  is  located  at  Mount  Hamilton. 

The  location  at  Berkeley  is  unsurpassed,  and  the  buildings 
and  grounds  first-class  and  ample.  The  library  and  Bacon 
Art  Hall  are  gems  of  literature  and  art.  One  hundred  and 
thirty-five  professors  with  1,400  students  of  both  sexes  are  all 
doing  good  woik  in  giving  and  obtaining  the  benefits  of  a  lib- 
eral education  to  the  coining  bright  men  and  women  of  this 
progressive  age,  while  the  classical  and  literary  departments 
are  well  provided  for.  The  engineering,  mechanical,  electri- 
cal and  chemical  departments,  which  number  35  per  cent,  of 
the  students,  have  recently  been  enlarged  and  endowed  in  one 
instance  by  $400,000  in  one  bequest,  so  that,  with  the  excep- 
tion of  Chicago  and  Cornell,  no  free  university  in  America 
surpasses  this.  Its  long  list  of  able  professors,  from  President 
Martin  Kellogg  down,  are  an  honor  to  any  university,  and 
each  succeeding  year  will  make  it  more  honorable  to  have 
graduated  at  this  institution. 

Ruskin  on  Locomotives.— The  locomotive  has  been  the  in- 
centive for  a  good  deal  of  extraordinary  eloquence,  but  it  is 
thought  that  it  will  be  difficult  to  find  anything  equal  to  the 
following  quotation  from  a  volume  of  recently  published  lec- 

-   -    y  Ruskin  : 

"  I  cannot  express  the  amazed  awe,  the  crushed  humility, 
with  which  I  sometimes  watch  a  locomotive  take  its  breath  at 
a  railway  station,  and  think  what  work  there  is  in  its  bars  and 
wheels,  and  what  manner  of  men  they  must  be  who  dig  brown 
ironstone  out  of  the  ground  and  forge  it  into  that  !  What 
assemblage  of  accurate  and  mighty  faculties  in  them  ;  more 
than  fleshly  power  over  melting  crag  and  coiling  fire,  fettered 
and  finessed  at  last  into  the  precision  of  watch-making  ; 
Titanian  hammer  strokes,  beating  out  of  lava  these  glittering 
cylinders,  and  timely  respondent  valves,  and  fine-ribbed  rods, 
which  touch  each  other  as  a  serpent  writhes  in  noiseless  glid- 
ing, and  omnipotence  of  grasp  ;  infinitely  complex  anatomy 
of  active  steel,  compared  with  which  the  skeleton  of  a  living 
creature  would  seem,  to  a  careless  observer,  clumsy  and  vile — 
a  mere  morbid  secretion  and  phosphatous  prop  of  flesh.  What 
would  the  men  who  thought  out  this,  who  beat  it  out,  who 
touched  it  into  its  polished  calm  of  power,  who  set  it  to  its  ap- 
pointed task  and  triumphantly  saw  it  fulfill  this  task  to  the 
utmost  of  their  will,  feel  or  think  about  this  weak  hand  of 
mine,  timidly  leading  a  little  strain  of  water-color  which  I  can- 
not manage,  into  an  imperfect  shadow  of  something  else — 
mere  failure  in  every  motion,  and  endless  disappointment ! 
What,  I  repeat,  would  these  iron-dominant  genii  think  of  me, 
and  what  ought  I  to  think  of  them  ': 

Chinese  Railroad  Employes  — The  correspondent  from 
China  writes  to  an  exchange  that  if  the  Government  at  Peking 
should  decide  to  build  roads  all  over  China  there  would  be  no 
trouble  in  their  construction,  and  the  wages  and  labor  are  such 
that  they  could  be  laid  and  equipped  more  cheaply  here  than 
in  any  other  part  of  the  world.  Ordinary  coolie  labor  costs 
about  8  American  cents  a  day,  and  the  farm  wages  in  this  part 
of  China  are  about  4  of  our  cents  for  10  hours'  work.  The 
brakemen  on  the  trains  get  6  silver  dollars,  or  not  much  more 
than  3  American  dollars,  a  month  as  wages  ;  firemen  receive 
from  $5  to  $10  in  silver, 'and  engineers  get  from  8  to  30  Ameri- 
can dollars  a  month.  The  best  engineers  and  the  best  work- 
men come  from  the  south  of  China,  and  these  receive  the  high- 
est wages.  The  Cantonese  engineers  start  in  at  30  silver 
dollars,  and  they  can  rise  in  9  years,  if  they  are  good  work- 
men, as  high  as  $60  a  month,  but  they  cannot  make  more  than 
this.  Northern  men  begin  at  $15  and  can  rise  to  S35  a  month. 
These  wages  are  for  60  hours  a  week,  anything  over  that  being 
paid  for  at  the  rate  of  1 5  cents  an  hour.  Conductors  receive 
less  than  the  engineers,  and  certain  classes  of  workmen  get  two 
Sundays  off  in  each  month  as  holidays.  In  ordinary  labor 
there  are  no  holidays  in  China,  and  the  contractor  expects  his 
hands  to  work  Sunday  and  every  day,  except  a  week  or  so  at 
the  Chinese  new  year.  In  the  works  here  there  are  a  great 
number  of  blacksmiths,  carpenters  and  miners  employed. 
The  northern  carpenters  get  from  5  to  8  silver  dollars,  aid 
Canton  carpenters  receive  from  $20  to  $30  a  month.  Black 
smiths  get  all  tte  way  from  5  to  40  silver  dollars  a  month,  and 
the  wages  of  miners  are  1*  cents  a  day.  At  such  wages  skilled 
men  can  be  gotten  by  the  thousands  in  any  part  of  China,  and 
the  building  of  railroads  is  merely  a  matter  of  decision  on  the 
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part  of  the  Government  that  they  shall  be  built,  and  of  the  lit- 
tle time  and  comparatively  little  money  required  to  make 
them. 

The  French  Battleship  "  Le  Carnot."— The  great  French 
battleship,  which  was  laid  down  at  the  Arsenal  of  Le  Mouril- 
lon,  Toulon,  in  July,  1891,  as  the  Lazare  Carnot,  but  which 
henceforth,  in  memory  of  the  assassinated  President  as  well  as 
of  bis  grandfather,  is  to  be  called  Le  Carnot,  was  launched  on 
Thursday,  July  12.  She  is  practically  a  sister  ship  to  the 
Charles  Martel,  which  was  launched  at  Brest  on  August  28, 
1893.  The  lenglh  of  the  vessel  is  396  ft.,  her  beam  71  ft.,  her 
draft  aft  27£  ft.,  and  her  displacement  11,882  tons.  She  has  a 
complete  steel  belt  with  a  maximum  thickness  of  17.7  in.,  and 
a  curved  steel  deck  2.75  in.  thick.  Above  the  water-line  belt 
there  rises  for  an  additional  height  of  4  ft.  a  steel  belt  of  4-in. 
armor.  The  machinery  of  the  ship  consists  of  a  pair  of  com- 
pound vertical  engines  with  three  cylinders,  fed  by  24  Lagra- 
felle  and  D'Allest  boilers.  At  95  revolutions,  with  forced 
draft,  13,500  II. P.  should  be  developed,  giving  a  speed  of  18 
knots,  and  with  85  revolutions,  with  natural  draft,  9,500  H.P., 
giving  a  speed  of  about  17  knots.  The  machinery  weighs 
1,178  tons.  The  normal  coal  capacity  is  800  tons,  or  enough 
for  4,000  knots'  steaming,  but  when  ail  subsidiary  bunkers  are 
full,  coal  for  5,000  knots  can  be  carried.  The  cost  of  Le  Car- 
•not  will  be,  for  the  ship,  £960,000  ;  for  her  gun  and  torpedo 
armament,  £104,000  ;  and  for  machinery  and  boilers,  £127,200, 
or,  in  all,  £1,191,200.  The  armament  will  consist  of  two 
11.8-in  guns,  one  in  a  14.6-in.  turret  forward  and  the  other  in 
a  similar  turret  aft,  the  forward  gun  being  26  ft.  and  the  after 
gun  19.5  ft.  above  the  water  line  ;  two  10.6-in.  guns,  one  in  a 
14  6-in.  turret  on  each  beam,  eight  5.5-in.  quick-firing  guns, 
mounted  singly  in  3.9-in.  turrets,  four  on  each  beam  ;  four 
2.5-in.  quick-tiring  ;  twelve  1.8-in.  quick-firing,  and  eight 
1.45-in.  quick-firing  or  Maxim  automatic  guns.  There  will 
also  be  four  above-water  and  two  submerged  torpedo-launch- 
ing tubes.  The  most  significant  feature  of  the  vessel  is  the 
enormous  power  of  her  right  ahead  and  right  astern  fire.  In 
each  case  this  is  furnished  by  one  11.8-in.,  two  10.6  in.  and 
four  5.5-in.,  besides  smaller  guns.  Beam  fire  is  furnished  by 
two  11.8-in.,  one  10.6  in  and  four  5.5-in.  guns,  so  that  in  every 
direction  the  ship  is  offensively  strong  to  an  exceptional  de- 
gree. In  this  respect  we  have  nothing  that  can  compare  with 
her. 


Recent  Patents. 


WIGHTMAN  S    STARTING   APPLIANCE   FOR   COMPOUND    ENGINES. 

"  The  object  of  my  invention  is  to  provide  simple  and  effective 
means  for  positively  actuating  the  converting  valve  mechanism 
of  a  compound  machine,  either  by  fluid  pressure  or  by  manu- 
ally applied  power  as  desired,  in  order  to  enable  the  engineer 
to  operate  the  engine  as  a  simple  or  non-compound  engine, 
whenever  and  during  such  periods — of  any  desired  length — it 
may  become  necessary,  or  be  deemed  advisable,  to  so  operate 
it,  as  when  starting  a  train  or  ascending  a  long  and  heavy 
grade,  and  to  immediately  reinstate  it  in  normal  operation  as  a 
compound  engine  when  the  conditions  are  such  as  to  make 
compound  operation  proper  or  desirable. 

"  This  invention  consists  in  the  combination  of  a  fluid  pressure 
cylinder,  a  piston  working  therein,  a  valve  operating  rod  con- 
nected to  said  piston  and  to  a  converting  valve  mechanism,  a 
distribution  valce  controlling  the  action  of  motive  fluid  upon 
said  piston,  a  stem  connected  to  said  distribution  valve  and 
connections  for  positively  actuating  said  stem  by  the  reversing 
gear  of  a  compound  engine. 

"  My  invention  is  more  particularly  designed  for  application 
in  two  cylinder  compound  locomotive  engines,  in  which  provi- 
sion has  heretofore  been  made  for  the  direct  admission  of  boiler 
steam  to,  and  the  independent  exhaust  of  steam  from,  both 
cylinders  of  the  engine  in  the  manner  of  a  simple  or  non-com- 
pound engine,  when  a  temporary  increase  of  power  is  required, 
as  in  a  starting  train.  The  converting  valve  mechanisms  em- 
ployed for  this  purpose,  which  are  of  various  constructions, 
are  adapted,  in  many  instances,  to  be  automatically  operated  by 
variations  of  pressure,  and  in  others  to  be  operated  by  hand 
through  connections  to  a  lever  moved  by  the  engineer.  Inas- 
much as  it  is  desirable  to  avoid  .is  far  as  possible  the  use  of 
levers  additional  to  those  required  in  the  normal  operation  of 
the  engine  as  compound,  starting  valves  have  been  actuated 
through  connections  to  the  ordinary  reverse  lever,  as  in  the  so- 
called  Under  system  and  others  ;  but  it  will  be  obvious  that  in 
such  cases  the  friction  and  unbalanced  pressure,  if  any,  which 


resist  the  movement  of  the  valve  or  valves  actuated  by  the  en- 
gineer, impose  additional  labor  upon  him  in  moving  the  reverse 
lever. 

"  Under  my  invention  the  converting  valve  mechanism  is  nor- 
mally and  ordinarily  actuated  by  fluid  pressure,  which  is  ap- 
plied by  the  engineer,  preferably  in  and  by  the  movement  of 
the  reverse  lever,  and  the  only  additional  manual  power  exert 
ed  by  him  is  that  required  to  effect  a  short  traverse  of  a  small 
distribution  valve  which  is  so  slight  as  not  to  be  appreciable. 
In  the  event  of  damage  or  derangement  of  any  of  the  fluid 
pressure  members  of  the  appliance,  the  mere  detachment  of 
the  bolt  connecting  the  piston  thereof  with  the  rod  which  oper- 
ates the  converting  valve  mechanism,  enables  the  latter  to  be 
operated  by  hand  whenever  desired. 

"  In  the  accompanying  drawings,  fig.  1  is  a  diagrammatic  side 
view  of  a  compound  locomotive  engine,  illustrating  an  appli- 
cation of  my  invention  ;  fig.  2,  a  side  view  in  elevation,  show- 
ing the  fluid  pressure  cylinder,  the  reverse  lever,  and  the 
intermediate  connections  from  the  reverse  lever  to  thedistribu- 
tion  valve  ;  fig.  3,  a  view,  partly  in  elevation  and  partly  in  sec- 
tion, and  on  an  enlarged  scale,  of  the  fluid  pressure  cylinder, 
the  distribution  valve  and  its  ehest. 

"  In  the  practice  of  my  invention,  as  applied  in  connection 
with  a  two-cylinder  compound  locomotive  engine  of  the  gen- 
eral type  now  employed  in  American  railroad  service,  I  pro- 
vide a  fluid  pressure  cylinder,  1,  which  may  be,  as  shown,  lo- 
cated within  the  cab  2  and  secured  to  the  side  of  the  fire-box  5. 
The  cylinder  1  is  provided  with  a  properly  packed  piston,  6, 
secured  upon  a  rod,  7,  which  passes  through  a  stuffing  box,  8, 
in  one  end  of  I  he  cylinder.  A  valve-chest,  9,  is  formed  upon 
or  secured  to  the  cylinder  1,  and  communicates  therewith  near 
each  of  its  ends  by  induction  and  eduction  passages  10  and  12 
leading  respectively  to  supply  ports  13  and  14  in  a  valve  face, 
15,  within  the  valve  chest  9.  A  supply  pipe,  16,  leads  into 
the  valve  chest  above  the  valve  face  15  from  any  suitable 
source  of  fluid  pressure  supply,  being,  in  the  instance  shown, 
a  chest,  17,  communicating  by  a  pipe,  18,  with  the  dome  19  of 
the  boiler,  and  an  exhaust  pipe,  20,  leads  from  an  exhaust 
port,  21,  located  in  the  valve  face  between  the  supply  ports  13 
and  14  to  any  convenient  point  of  discbarge,  as,  for  example, 
the  ash-pan,-22.  It  will,  however,  be  obvious  that  in  engines 
which  are  provided  with  an  air-brake  equipment,  as  is  now 
generally  the  case,  the  supply  pipe  16  maybe  readily  connect- 
ed with  the  main  air  reservoir  or  other  suitable  member  of  the 
air-brake  apparatus,  so  as  to  admit  of  the  employment  of  com- 
pressed air  for  the  actuation  of  the  piston  6  in  lieu  of  steam, 
as  in  the  specific  construction  shown  ;  and  such  connection, 
which  is  preferable  when  facilities  therefor  are  available,  I  in- 
clude in  my  invention  as  the  mechanical  equivalent  of  that 
shown. 

"The  piston-rod  7  is  connected  by  a  detachable  pin  or  bolt, 
23,  to  a  yoke,  29,  and  by  rods  24*  to  a  valve  operating  rod  24, 
which  extends  toward  the  smoke-box  4  of  the  engine,  and  is 
coupled  by  suitable  intermediate  connections,  in  this  instance  a 
double  armed  lever,  25,  and  a  link,  26,  to  the  stem  11  of  a  con- 
verting valve  mechanism  of  any  suitable  and  approved  con- 
struction, which  is  fitted  to  reciprocate  in  a  chest  in  one  of  the 
saddle  sections  3  on  which  the  smoke-box  4  is  supported  and 
to  which  the  cylinders  of  the  engine  are  connected.  The  lever 
25  is  journaled  on  or  by  a  pin,  27,  and  the  relative  lengths  of 
its  arms  are  such  as  may  be  proper  to  impart  the  desired  range 
of  reciprocating  movement  to  the  stem  11  and  the  converting 
valve  mechanism  connected  thereto. 

"  Inasmuch  as  any  suitable  and  preferred  mechanism  may  be 
employed,  and  as  the  same  does  not  in  and  of  itself  constitute 
part  of  my  present  invention,  it  will  not  be  herein  at  length 
described . 

"  In  order  to  insure  the  rectilineal  movement  of  the  valve 
operating-rod  24,  said  rod  is,  adjacent  to  the  fluid  pressure 
cylinder  1,  bifurcated  or  fixed  to  two  parallel  guide  rods  24*, 
which  pass  through  guides  28  on  the  cylinder  1,  and  are  con- 
nected at  their  rear  ends  by  a  block,  29,  which  receives  the 
connecting-pin  oi  bolt  23  of  the  piston  rod  7.  and  is  provided 
with  a  handle,  38.  In  the  event  of  the  derangement  or  breakage 
of  any  member  of  the  fluid  pressure  apparatus,  or  of  the  fail- 
ure of  supply  thereto,  the  connecting-pin  23  may  be  detached 
and  the  rod  24  and  connected  converting  valve  mechanism  be 
operated  by  the  engineer  by  the  application  of  manual  power 
to  the  handle  38. 

"  The  supply  and  exhaust  of  motive  fluid  to  and  from  each 
end  of  the  cylinder  1  are  effected  and  controlled  by  a  distribu- 
tion valve,  30,  which  is  preferably,  as  shown,  of  the  short  D 
slide  type,  and  is  fitted  to  be  reciprocated  on  the  valve  face  IS 
of  the  chest  9.  The  stem  31  of  the  distribution  valve  passes 
through  a  packed  Btufflng-box,  32,  in  one  end  of  the  chest,  and 
is  normally  actuated,  through  intermediate  connections,  by  the 
reversing  gear  of  the  engine,  said  connections  being  so  organ- 
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ized  that  when  the  reveise  level  is  moved  to  or  near  its  full 
forward  or  its  full  backward   position,  Ihe  distribution  valve 

30  will  be,  in  cither  ease,  and  in  and  by  such  movement  of  the 
reverse  lever,  moved  into  the  position  shown  in  fig.  5,  thereby 
admitting  motive  Quid  on  the  rear  side  of  the  piston  (i  and  ex- 
hausting it  from  tin-  front  sitle  thereof,  while,  in  anil  by  the 
movement  of  the  reverse  lever  to  any  intermediate  position, 
the  distribution  valve  will  be  moved  backward  so  as  to  uncover 


from  the  cam  ways  42  and  4:),  as  the  reverse  lever  39  is  moved 
into  or  out  of  cither  its  extreme  forward  or  its  extreme  back- 
ward position. 

"The  entrance  of  the  pin  40  into  either  of  the  cam  ways  42  or 
43  depreSBea  the  arm  of  the  cam  lever  85  in  which  said  cam 
ways  anil  tin-  intermediate  slot  41  arc  formed,  and  elevates  the 
opposite  arm,  thereby  moving  the  distribution  valve  lit)  to  the 
right,  and  effecting  file  movement  of  the  piston  0  in  the  same 


FIG.I. 


WIGHTMAN'S  STARTING   APPLIANCE  FOR;.COMPOUND  LOCOMOTIVES. 


the  forward  supply  port  13  and  place  the  rear  supply  port  14 
iu  communication  with  the  exhaust  port  21  through  the  ex- 
haust recess  of  the  valve,  thereby  admitting  motive  fluid  on 
the  front  side  of  the  piston  7  and  exhausting  it  from  the  rear 
side  thereof.  The  piston  7  will  correspondingly  be  forced  to 
ami  remain  at  the  front  or  the  rear  end  of  the  cylinder  1,  and 
the  converting  valve  mechanism  lie  moved  into  position  for  the 
operation  of  the  engine  as  a  simple  or  as  a  compound  engine, 
as  the  case  may  be. 

"  In  the  instance  exemplified,  the  stem  31  of  the  distribution 
valve  30  is  shown  as  coupled,  either  directly  (as  in  fig.  1)  or 


FiG-2 


intermediately,  through  a  bell  crank  lever,  33,  and  link  34,  as  in 
figs.  -  and  :'.,  to  one  end  of  a  cam  device  consisting  of  a  double 
armed  cam  lever,  35,  which  is  journaled  on  a  pin,  30.  below 
and  adjacent  to  the  segment  37  of  the  reverse  lever  89.  A 
curved  slut,  4  I ,  is  formed  in  the  arm  of  the  cam  lever  85  op- 
posite lo  thai  which  is  coupled  to  the  distribution  valve  stem, 
sail  1  slot  being  located  below  and  eccentric  to  the  segment  :;; 
of  the  reverse  lever,  and  having  upwardly  curved  ram  ways 
42  and  43  at  its  ends.  A  pin  or  bolt,  I').  tixed  to  the  reverse 
lever  89,  traverses  in  the  slot  41  and  moves  tin-  cam  lever  :;"> 
about  its  pivot  36  by  its  engagement  with  and  disengagement 


direction  by  the  admission  of  motive  fluid  thereto  through  the 
then  open  passage  12.  Such  movement  of  the  piston  moves 
the  connected  converting  valve  mechanism  into  the  position 
proper  for  the  operation  of  the  engine  as  a  simple  or  non-com- 
pound engine,  which  operation  is  continued  so  long  as  the  re- 
verse lever  remains  at  or  closely  adjacent  to  either  extremity 
of  its  arc  of  traverse.  By  the  movement  of  the  reverse  lever, 
in  either  direction  toward  the  middle  of  its  arc  of  traverse,  for 
the  purpose  of  cutting  off  steam  at  a  desired  point  in  the  stroke 
of  the  pistons,  as  is  practiced  ordinarily  after  the  train  has 
been  started,  the  pin  40  is  moved  into  the  portion  of  the  slot  41 
between  tin-  cam  ways  42  and  43,  elevating  the  arm  of  the  cam 
lever  35  in  which  said  slot  and  cam  ways  are  formed  and  de- 
pressing the  opposite  arm,  thereby  moving  the  distribution 
value  30  to  the  left,  and  effecting  the  movement  of  the  piston 


7  in  the  same  direction  by  the  admission  of  motive  fluid  thereto 
through  tin-  then  open  passage  10.  Such  movement  of  the  pis 
ion  moves  tin-  connected  converting  valve  mechanism  into  the 
position  propel  for  the  normal  operation  of  the  engine  as  a 
compound  engine,  which  operation  is  continued  so  long  as  the 
rse  lever  stands  in  such  position  oris  so  moved  that  the 
pin  40  remains  out  of  contact  with  eithei  of  tin-  cam  ways  I'.' 
Hi-  48.  The  cam  ways  may.  if  desired,  be  so  proportioned  that 
the  pin  40  will  remain  in  contact  therewith  when  tin-  reverse 
lever  is  moved  one  or  more  notches  out  of  either  of  its  extreme 
ions,  and  it  will  In-  noted  that  tin-  rear  cam  way  42  is 
made  of  greater  depth  than  the  forward  one  48  to  accommo- 
date tin-  increased  degree  of  movement  of  tin-  cam  level  35  at. 

and  near  its  rear  end,  due  to  the  greater  distance  thereof  from 
I  In-  pivot  3G  of  the  lever.'' 

The  above  device  is  tin  invention  ol  !.\Ir.  Daniel  A.  Wight- 
man,  ol  tie-  Pittsburgh  [Locomotive  Works.  His  patent  Is 
dated  July  3,  1894,  and  is  numbered  .7,'2,.j44. 
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ANNOUNCEMENT. 


Among  the  many  "congresses"  which  were  held  last  sum- 
mer in  Chicago  was  an  International  Conference  on  Aerial 
Navigation,  which  proved  to  be  successful  and  interesting  be 
yond  expectation.  In  order  to  make  the  Proceedings  of  that 
Conference  accessible  to  readers  who  were  interested  in  the 
subject,  the  American  Engineer  issued  a  monthly  supple- 
mentary publication  called  Aeronautics.  As  these  Proceed- 
ings have  all  been  printed,  and,  owing  to  insufficient  support, 
that  journal  has  been  discontinued,  and  as  many  of  its  subscrib- 
ers and  others  have  manifested  a  great  deal  of  interest  in  the 
paper,  and  have  expressed  a  desire  that  some  publication  of 
that  kind  should  be  continued,  and  as  the  science  and  art  of 
Aerostation  is  attracting  more  attention  from  intelligent  peo- 
ple, Aeronautics  will  hereafter  be  made  a  supplementary  sub- 
ject in  the  American  Engineer.  Under  that  heading  it  is  in- 
tended to  give  the  most  recent  reliable  information,  relating  to  the 
science  or  art  of  Aerostation,  which  indicates  any  real  advance 
in  that  direction,  or  any  increase  in  our  knowledge  of  either 
the  theory  or  the  art  of  navigating  the  air.  As  special  space 
will  be  devoted  to  that  subject,  those  readers  who  are  not  inter- 
ested in  it  can  exercise  the  inestimable  privilege  of  skipping  it, 
and  of  vituperating  those  who  are  as  lunatics  and  "  cranks." 

To  those  engaged  in  the  investigation  of  the  principles  or 
practice  of  Aerostation  an  invitation  is  extended  to  send  us 
data  and  reports  of  the  results  of  their  researches  and  experi- 
ments, or  drawings,  photographs,  or  other  illustrations  of  in- 
teresting apparatus.  The  subjects  concerning  which  we  de- 
sire contributions  do  not  include  mere  speculative  schemes 
or  mathematical  calculations  ;  and  it  is  intended  especially  to 
emphasize  the  fact  that  the  publisher  of  this  paper  is  not  in 
any  sense  a  "  promoter"  of  such  or  any  other  projects  except- 
ing his  own,  and   that  he  has  no  facilities  nor  aptitude  for 


raising  money  for  purposes  of  that  kind,  and  has  never  ac- 
quired the  peculiar  faculty  by  the  exercise  of  which  the  confi- 
dence of  capitalists  is  secured. 

The  paper  is  his  sole  and  exclusive  property,  and  it  is  not 
the  organ  nor  under  the  influence  or  control  of  any  association 
or  interest  whatsoever,  and  will  represent  only  the  views  and 
opinions  of  its  owner  and  editor  ;  and  the  injunction  of  a  dis- 
tinguished journalist  "  never  to  print  a  paid  advertisement  as 
news  matter"  will  lie  scrupulously  observed. 

The  co  operation  of  its  subscribers  and  readers  is  solicited, 
to  extend  the  circulation  of  the  paper,  during  the  coming  year, 
into  wider  fields  of  influence  and  usefulness.  They  can  aid 
materially  by  sending  in  either  new  subscribers  or  the  names 
and  addresses  of  persons  likely  to  be  interested  in  a  journal 
such  as  it  is  hoped  and  intended  the  American  Engineer  will 
hereafter  be. 

M.  N.  Forney,  47  Cedar  Street,  New  York. 


EDITORIAL   NOTES. 


In  another  column  we  reprint  a  letter  written  to  a  contempo- 
rary regarding  the  electrical  distribution  of  power.  It  pre- 
sents a  fair  summary  of  the  advantages  of  the  new  method  of 
transmission  of  power  over  the  old  ;  but  the  writer  allows 
himself  to  be  carried  away  by  his  enthusiasm  when  he  states 
that  80  per  cent,  of  the  power  developed  by  the  engine  "  is 
usefully  employed  by  the  machines."  This  percentage  is  so 
far  above  anything  ever  obtained  in  practice,  that  the  state 
ment  would  deceive  no  one.  The  article  stands,  therefore,  as 
an  argument  in  favor  of  electrical  transmission  from  the  gen- 
eral facts  of  the  case  rather  than  from  particular  details  of  the 
work  done. 

Locomotive  engineers  are  frequently  called  upon  to  act 
quickly  or  not  at  all  ;  their  work  is  of  a  kind  that  tends  to  de- 
velop coolness,  presence  of  mind,  nerve,  or  whatever  else  you 
may  choose  to  call  that  which  enables  a  man  to  do  the  proper 
thing  in  the  face  of  an  impending  calamity  ;  but  the  quality 
displayed  by  some  of  the  engineers  in  the  Northwest  during 
the  recent  forest  fires  is  of  a  higher  order  of  bravery  —that  is, 
heroism  of  the  first  rank.  No  one  who  has  not  faced  one  of 
those  terrific  fires  in  the  pines  can  imagine  the  heat  and  terror 
of  it ;  and  to  deliberately  take  a  train  of  cars  into  such  a  place 
to  rescue  people  imprisoned  by  the  flames  is  #deed  that  de- 
serves praise  beyond  the  power  of  words  to  convey. 


It  appears,  from  the  recent  comments  of  English  papers, 
that  the  British  Admiralty  is  experiencing  some  trouble  in 
securing  the  services  of  competent  men  for  the  engineer's 
department  in  their  vessels.  The  trouble  lies  in  the  ranking 
of  the  line  and  engineer  officers.  The  latter  object  to  the  po- 
sition which  they  are  obliged  to'occupy  ;  and  men  thoroughly 
qualified  to  fill  the  positions  will  not  accept  them.  It  is  the 
same  trouble  that  our  own  department  is  experiencing,  and 
against  which  Commodore  Melville  has  so  often  protested. 
The  engines  of  a  modern  battleship  are  no  longer  auxiliarj- 
attachments,  but  the  very  life  of  the  vessel  ;  and  it  cannot  be 
long  before  the  men  in  charge  of  them  will  be  recognized  as 
entitled  to  a  rank  equal  to  that  of  officers  of  the  line. 


Railway  officials  who  are  overwhelmed  with  applications 
to  "  try  a  new  coupler"  often  wonder  why  so  many  men  who 
know  nothing  about  railroading  should  be  applicants  for 
patents  on  car  couplers.  The  explanation  is  comparatively 
simple.  For  years  there  have  appeared  in  the  daily  press 
paragraphs  like  the  following,  recently  published  in  a  Pitts- 
burgh paper  :  "  There  is  a  fortune  in  sight  for  the  genius  who 
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invents  a  safety  car  coupler.  Patents  are  issued  every  day  for 
such  devices,  but  they  are  anything  but  safe  in  practical  use." 
The  article  then  goes  on  to  enumerate  the  terrible  loss  of  life 
and  limb  from  coupling  cats,  leaving  the  impression  that  if 
only  a  safe  and  sure  automatic  coupler  could  be  invented,  this 
holocaust  would  be  stopped  :  and  straightway  the  butcher,  the 
baker,  and  the  candlestick-maker  proceed  to  invent  a  coupler 
that  will  be  a  boon  to  humanity  and  incidentally  a  fortune  un- 
to themselves.  Some  time  ago  the  Patent  Office  issued  a  cir- 
cular letter  in  which  it  was  announced  that  no  patent  would  be 
granted  upon  a  flying  machine  until  it  had  been  practically 
demonstrated  that  the  said  machine  would  fly.  It  may  he 
impossible,  but  it  seems  that  it  would  be  a  good  idea  to  call  a 
halt  on  car  couplers.  They  have  been  issued  at  the  rate  of  a 
trifle  over  one  each  day  for  several  years,  and,  to  judge  from 
the  conversation  of  the  majority  of  railroaders,  we  have  about 
enough. 


THE  PROCEEDINGS  OF  THE  MASTER  MECHAN- 
ICS' ASSOCIATION. 


II. 


Last  month  we  commenced  a  general  review  of  the  Report 
of  the  Annual  Convention  of  this  Association,  which  had  then 
just  been  issued  by  the  Secretary  in  book  form  with  com- 
mendable promptness.  Resuming  this  review,  which  was  left 
off  at  the  point  where  the  discussion  of  compound  locomotives 
was  commenced.  This  discussion  was  a  sequence  to  a  resolu- 
tion that  the  convention  resolve  itself  into  "  a  compound  ex- 
perience meeting"  at  noon — the  hour  set  apart  for  topical  dis- 
cussions—on the  first  day's  session.  The  remarkable  feature 
brought  out  by  this  discussion  was  the  great  difference  of 
opinion  which  it  revealed  with  reference  to  the  compound  sys- 
tem. A  few  quotations  will  show  this  difference.  Mr.  Gar- 
stang,  for  example,  said  of  a  locomotive  built  by  the  Rich- 
mond Locomotive  Works,  and  which  had  been  in  use  on  his 
road  since  last  December,  and  ran  "  first  in  and  first  out," 
that  it  did  not  require  any  special  engineer  to  handle  it  and 
that  there  had  not  been  "  an  outlay  of  one  cent  on  the  mechan- 
ism connected  with  the  compound  feature." 

Mr.  Vauclain,  who,  in  connection  with  the  Baldwin  Loco- 
motive Works,  has  had,  probably,  more  experience  in  the  con- 
struction of  compound  locomotives  than  any  other  person, 
said  that  they  "  had  no  reason  whatever  to  change  their  minds 
in  regard  to  the  adaptability  of  compound  locomotives  to  all 
classes  of  service." 

Mr.  Lauder— whose  death  siuc*e  then  we  and  many  of  our 
readers  have  had  occasion  so  recently  to  lament — agreed  with 
what  Mr.  Vauclain  had  said,  in  thinking  that  "  the  compound 
locomotive  will  do  as  great  a  variety  of  work  as  the  simple 
engine.  On  suburban  business,  when  the  trains  range  from 
seven  to  ten  cars,  and  have  nine  stops  in  11  miles,  the  com- 
pound engine  (Dean's)  he  thought  would  '  get  away  with  '  any 
simple  engine  they  had  in  the  service,"  and  he  added  that  he 
"  did  not  know  of  any  kind  of  service  that  the  compound  loco- 
motive is  not  well  adapted  to.  .  .  .  The  extra  cost  of  main- 
tenance will  be  something,  no  matter  what  interested  parties 
may  say  ;  whether  we  will  get  enough  out  of  our  saving  in  coal 
to  pay  for  these  extras  in  the  way  of  other  expenses  is  still  to 
be  determined.  ...  I  think  it  is  perfectly  safe  to  say  that 
we  are  going  to  have  a  compound  locomotive  in  which  we  can 
safely  count  on  a  saving  of  20  per  cent,  over  the  best  simple 
engine  that  can  be  built.  I  am  satisfied  that  we  are  going  to 
get — we  have  not  got  it  yet— an  engine  that  will  give  us  a  sav- 
ing of  about  20  per  cent.  But  to  get  tliat  saving  the  compound 
locomotives  must  be  kept  in  better  condition  than  we  have  been  in 
tliehabit  of  keeping  our  simjile  engines." 

Mr.  W.  S.  Morris,  of  the  Chesapeake  &  Ohio  Railroad,  said 
of  an  engine  built  by  the  Richmond  Locomotive  Works,  and 


which  has  been  operated  on  his  road,  that  "  it  had  no  increased 
steam  pressure  over  10  ordinary  simple  engines.  The  mileage 
foi  the  year  1893  made  by  the  compound  was  11  per  rent, 
greater  than  the  average  mileage  of  the  10  simple  engines. 
The  total  cost  of  repairs  was  80  percent,  of  the  total  cost  of  the 
average  of  the  10  simple  engines.  The  oil  and  waste  consumer) 
was  92  per  cent,  of  the  average  of  the  10  simple  engines.  The 
fuel  consumed  was  84  per  cent,  of  the  average  of  the  10  simple 
engines.  The  total  expenses  of  the  engine,  including  every- 
thing, was  94  per  cent,  of  the  total  of  the  10  simple  engines, 
and  the  cost  per  mile  run,  in  cents,  was  83  per  cent,  of  the 
average  of  the  10  simple  engines.  The  days  in  the  shop  dur- 
ing the  year  were  five  as  against  10  for  the  average  of  the 
other  10  engines.  The  engineer  states  that  he  did  not  have 
any  difficulty  whatever  in  running  the  engine  in  any  service 
that  it  has  been  placed  in.  That  will  refer  to  general  freight 
service,  local  and  through.  The  firemen  all  seem  to  have  a 
special  liking  for  the  machine,  and  their  reason  is  that  it 
burns  less  coal,  which  is  a  very  practical  reason  for  concluding 
that  the  engine  is  saving  in  that  direction.  The  shop  ex- 
penses, I  will  say,  although  the  average  for  the  year  shows  a 
little  less  than  the  average  for  the  10  simple  engines,  are  about 
the  same." 

Mr.  John  Medway,  of  the  Fitchburg  Road,  said  his  experi- 
ence "  had  been  largely  with  one  2-cylinder  compound  ordered 
with  four  others  in  1893.  The  simple  engines  were  almost  pre- 
cisely like  the  compound  except  with  regard  to  the  compound 
devices.  At  first  the  compound  showed  a  saving  of  23  per  cent, 
in  fuel.  Later  on,  for  some  reason,  the  fuel  economy  was  re- 
duced and  almost  entirely  disappeared.  For  the  6  months  end- 
ing September,  1893,  the  showing  was  as  follows  :  Cylinders 
of  compound,  21  in.  and  31  x  26  in.  ;  of  simple  engine,  20  x  24 
in.  Steam  pressure  :  Compound,  180  lbs  ;  simple,  180  lbs. 
Miles  run  ;  Compound,  12,794  ;  simple,  19,366.  Miles  per  ton 
of  coal  :  Compound,  25.1  ;  simple,  22.  Repairs,  cost  per 
mile,  in  cents  :  Compound,  2.75  ;  simple,  1.28." 

Mr.  A.  E.  Mitchell  reported  that  they  had  eight  compound 
Baldwin  engines,  and  that  "  the  results  show  material  saving 
in  coal,  no  greater  expense  in  repairs  due  to  the  running,  and 
the  engineers  prefer  them  to  the  simple  engine." 

This  discussion  was  resumed  on  the  last  day  of  the  conven- 
tion. Mr.  A.  E.  Manchester,  of  the  Chicago,  Milwaukee  &  St. 
Paul  Road,  referring  to  engine  No.  827,  concerning  which  a 
report  of  tests  had  been  submitted  to  the  Association  last  year, 
said  :  "  An  examination  of  the  records  a  few  weeks  ago  showed 
the  fact  that  No.  827  was  leading  the  other  nine  engines  of  the 
same  make  and  bought  at  the  same  time,  about  11  per  cent,  in 
economy  of  fuel  consumption.  Its  repair  account  was  a  trifle 
cheaper  than  the  average  of  the  other  nine." 

Mr.  George  Gibbs,  also  of  the  Milwaukee  Road,  referring  to 
the  same  engine,  said  :  "  It  was  a  particular  child  of  mine,  inas- 
much as  I  have  spent  a  good  deal  of  time  in  conducting  tests 
of  that  engine  in  connection  with  the  Association  commit- 
tee. ...  I  have  this  year  been  watching  with  some  care  to 
see  whether  the  results  of  these  tests  were  borne  out  by  the 
additional  service  we  have  got  from  the  engine.  My  impres- 
sion was  at  that  time,  and  we  concluded  that  the  average  econ- 
omy was  about  13  per  cent.  ...  In  the  first  6  months  of  the 
year  it  went  up  to  over  17  per  cent,  higher  than  the  average  of 
the  other  nine  engines.  During  the  last  3  or  4  months,  how- 
ever, I  notice  that  it  has  fallen  considerably,  and  that  the  fig- 
ures are  now  as  mentioned  by  Mr.  Manchester.  I  believe  the 
explanation  of  that  is,  that  the  valves  are  beginning  to  need 
overhauling.  ...  I  certainly  believe  that  the  compound  en- 
gine is  in  every  way  adapted  to  a  varied  class  of  freight  ser- 
vice ;  that  its  economy  will  be  found  larger  than  that  found 
on  our  road  in  average  service.  I  believe  a  properly  designed 
compound  engine  will  be  light  on  repairs — as  light  as  the  sim- 
ple engine — and  that  it  is  the  coming  type  of  engine  for  freight 
service  in  this  country." 
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Mr.  E.  A.  Miller,  of  Hie  Neil'  Vork,  Chicago  &  St.  Louis 
Road,  said  :  "  The  compound" — in  use  on  their  road — "  has 
shown  a  saving  of  fuel  of  ahout  1  11).  of  coal  per  car  per  mile. 
Wli.it  we  would  call  the  ruuning  repairs,  the  light,  everyday 
repairs,  will  average  about  the  same  as  they  do  on  the  same 
'class  of  simple  engines.  We  have  had  a  number  of  breakages 
on  the  compound  that  have  been  very  much  against  it.  The 
engine  has  been  laid  up  a  good  part  of  the  time." 

Mr.  William  Forsyth. — "  Our  experience  with  compound 
locomotives  is  limited  to  very  few  engines,  but  it  extends  over 
a  rather  long  period  of  time,  and  the  conclusions  in  general 
which  we  made  are  that  the  repairs  of  the  compound  locomo- 
tive, when  properly  constructed,  should  not  be  any  greater 
than  the  simple  engine,  and  that  the  economy  in  coal  should 
be  a  clear  saving.  The  original  engine  which  we  designed 
and  built  at  Aurora  with  the  Lindner  starting  gear  is  still  in 
service,  showing  good  economy.  The  principal  troubles  we 
have  had  with  it  are  with  the  piston  packing  of  the  large  cyl- 
inder. I  think  that  trouble  has  been  general  with  most  large 
cylinders.  It  is  difficult  to  get  a  snap  ring  of  good  iron  in 
proper  proportion  which  will  retain  this  spring  and  hold  the 
packing  tight  ;  and  it  sometimes  breaks  and  sometimes  gets  in 
shape  so  that  it  cuts  the  cylinder,  and  that  is  one  trouble  that 
we  have  had  with  this  large  cylinder. 

"  Another  small  objection  is  the  difficulty  in  handling. 
That  is  the  fault  of  the  starting  gear.  The  men,  in  running 
the  engine  on  to  a  turn-table  and  out  to  the  rouudhouse.  find 
that  they  cannot  handle  it  as  readily  as  they  can  the  simple  en- 
gine. We  made  quite  an  expensive  test  of  a  Baldwin  com- 
pound, and  last  summer  we  tested  a  Richmond  10-wheeled 
compound,  and  I  must  say  we  were  very  much  pleased  with 
the  performance  of  that  engine  on  the  grades  of  Iowa,  hauling 
heavy  freight  trains,  and  that  we  found  the  special  feature  of 
the  separate  exhaust  in  that  engine  quite  an  advantage  in  work- 
ing freight  trains  on  a  grade.  It  has  two  advantages  :  one  is, 
that  it  allows  you  to  turn  the  engine  into  a  simple  engine  and 
overcome  that  objection  to  the  Lindner  gear.  At  the  same 
time  it  allows  you  to  throw  an  extra  power  into  the  engine  by 
using  live  steam  in  the  low-pressure  cylinder  when  hauling 
heavy  trains  on  grades." 

Mr.  G.  R.  Joughins,  of  the  Norfolk  Southern,  reported  that 
they  had  two  compound  locomotives  on  their  road.  "  We  all 
know,"  he  said,  "  that  there  are  about  a  dozen  devices,  each 
of  which  save  about  10  per  cent,  on  the  locomotive  if  they  are 
applied  to  it— that  is,  according  to  the  statements  of  the  peo- 
ple who  sell  them.  But  the  compound  system  is  the  only  de- 
vice which  I  have  seen  applied  to  a  locomotive  which  saves 
coal  every  month  and  every  week  in  the  year,  and  we  are  very 
well  satisfied  with  it." 

Mr.  Bradley  said  they  "  were  satisfied  that  their  compound 
engines  on  the  car  mileage  show  about  18  per  cent,  of  fuel 
economy." 

Mr.  David  Brown.—"  At  Lake  wood  I  stated  that  we  had 
a  Baldwin  compound  and  a  new  simple  engine  of  about  the 
same  capacity,  and  that  the  simple  engine  was  giving  the  best 
satisfaction,  and  that  we  had  given  them  a  test  on  a  heavy 
pull,  also  on  a  fast  passenger  train  up  the  mountain,  and  also 
a  coal  test  :  in  each  case  the  results  were  in  favor  of  the  sim- 
ple engine,  and  also  that  the  compound  was  not  a  favorite, 
owing  to  her  hard  riding  when  running  down  long  grades. 
Otherwise  she  has  worked  well. 

"  Our  yearly  report  shows  a  great  difference  in  cost  of  re- 
pairs, oil,  etc.,  between  two  engines  in  favor  of  the  simple  en- 
gine ;  but  this  in  part  is  accounted  for,  as  a  large  per  cent,  of 
the  repairs  on  the  compound  consisted  in  alterations. 

"  After  11  months  of  service  we  had  to  take  the  compound 
into  shoo  on  account  of  bad  tires.  The  tires  were  in  very  bad 
shape,  and  we  also  found  that  the  axle  journals  were  worn 
eccentric,  making  it  necessary  to  true  up  the  axles.  The  pis- 
ton valves  were  found  in  good  condition  ;  but  we  had  to  put 
new  packing  rings  in  both  pistons  and  valves. 

"  In  the  mean  time  we  received  another  compound  from  the 
Cooke  Locomotive  Works.  It  is  a  very  fine  engine,  and  I  be- 
lieve she  is  the  most  powerful  of  the  three,  providing  she  held 
her  steam  as  well  as  the  other  two.  It  weighs  6}  tons  more 
than  the  others,  and  for  a  heavy  engine  the  design  and  work- 
manship could  hardly  be  improved  upon.  .   .  . 

"  A  coal  test  was  then  made  between  Cooke's  compound  and 
the  simple  engine,  which  resulted  in  favor  of  the  simple  engine 
20  per  cent. 

New  valves  were  next  put  on  the  Cooke  compound  with 


more  lap.  A  coal  test  was  begun  between  the  Baldwin  and 
Cooke  engines.  The  Baldwin  compound  burned  71  lbs.  of 
coal  per  mile  ;  the  Cooke  compound  burned  65  lbs.  per  mile. 
The  difference  was  very  slight,  considering  that  the  piston 
stuffing-bos  glands  on  the  Baldwin  engine  were  blowing  badly 
at  the  time.     The  train  consisted  of  nine  milk  cars  and  caboose. 

The  simple  engine  was  then  put  on  coal  test  again,  which 
resulted  in  her  favor,  burning  52  lbs.  per  miles,  beating  the 
Cooke  20  per  cent,  and  the  Baldwin  20  per  cent. 

"  An  old  19  X  24  in.  engine  with  140  lbs.  pressure,  pulling 
eight  milk  cars  and  caboose,  was  next  tried,  and  she  burned  74 
lbs.  per  mile. 

"  Recently  the  by-pass  valves  on  the  Baldwin  compound 
have  been  changed,  as  stated  by  Mr.  Vauclain,  and  it  has  im- 
proved her  riding  very  perceptibly." 

The  most  remarkable  testimony  was  then  given  by  Mr. 
Gibbs,  who  said  that  he  was  "  very  much  surprised  by  the  evi- 
dence brought  out  yesterday  and  to-day  in  regard  to  the  econ- 
omy of  compound  locomotives.  If  we  closed  now  it  would 
appear,  with  the  exception  of  Mr.  Brown,  who  has  just  spoken, 
that  our  unanimous  experience  has  been  that  the  compounds 
are  both  economical  and  available  ;  but  if  you  buttonhole  the 
members  outside,  the  evidence  seems  unanimous  in  the  other  direc- 
tion— that  they  don't  believe  in  compounds." 

Mr.  W.  S.  Morris  added  :  "I  think  Mr.  Gibbs's  point  is  a 
very  good  one.  We  can  hear  a  good  deal  against  the  compound 
engine  outside  the  association,  but  we  hear  very  little  against  it  in 
the  meeting." 

Mr.  J.  H.  McConnell,  of  the  Union  Pacific,  stated  his  view 
of  the  question  when  he  said  that  "  when  the  compound  en- 
gine came  into  existence  to  compete  with  the  simple  engine, 
they  put  on  a  boiler  that  had  33  percent,  more  heating  surface  ; 
they  had  33  per  cent,  more  weight  on  the  driving-wheels  and 
33  per  cent,  more  steam.  They  put  it  beside  an  engine  with 
these  disadvantages,  and  they  claimed  after  5  years  to  show  an 
economy  of  5  per  cent.  If  they  keep  on  at  it  long  enough  I 
believe  that  they  will  eventually  get  a  compound  engine  that 
will  beat  a  simple  engine  of  the  same  size."  (Applause.) 

The  discussion  was  ended  by  Mr.  Soule,  of  the  Norfolk  & 
Western  Road,  whose  careful  and  accurate  statement  of  facts 
always  commands  attention.  He  remarked  :  "  Mr.  McConnell 
said  in  part  that  in  every  competitive  test  the  compound  had 
had  the  advantage  in  many  respects  ;  and  that  two  of  them, 
as  I  understood  him,  were,  that  it  always  carries  higher  steam 
pressure  and  a  greater  weight  on  the  driving-wheels.  I  con- 
sider, Mr.  President,  that  these  are  advantages  that  the  com- 
pound engine  legitimately  enjoys.  I  believe  that  it  is  the  prin- 
ciple of  compounding  that  has  made  it  possible  to  use  higher 
pressures  economically.  I  believe  that  if  any  master  mechanic 
here  present  takes  one  of  his  simple  engines,  we  will  say  adapt- 
ed to  carry  160  lbs.  pressure,  and  builds  a  sister  simple  engine, 
making  it  only  enough  heavier  to  carry  200  lbs.  pressure,  and  re- 
turns that  engine  to  service  in  competition  with  the  other,  he 
will  find  that  the  latter  engine"with  the  higher  pressure  is  not  as 
economical  as  the  first  one.,  I  believe  it  is  pretty  well  estab- 
lished that  the  common  practise  of  the  country,  by  this  long, 
slow  process  which  we  all  go  through  with,  has  brought  us  to 
use  that  pressure  in  our  simple  locomotive  practise,  which  is 
about  right  and  about  the  most  economical,  and  that  we  have 
got  to  the  end  of  the  rope  in  that  matter. 

"  Now,  then,  by  introducing  the  compound  principle  we  are 
able  to  utilize  economically  higher  steam  pressures.  In  order 
to  get  those  higher  steam  pressures  we  have  to  make  our  en- 
gines heavier,  and,  incidentally,  in  being  able  to  use  the  higher 
steam  pressures  economically,  we  are  justly  entitled  to  make 
use  of  heavier  weight  on  the  driving-wheels.  .  .  . 

"  We  have  a  total  of  46  compound  engines,  15  of  which  are 
10-wheel  passenger  engines,  and  31  are  consolidation  freight 
engines.  We  have  not  been  without  tribulation  in  this  matter, 
but  we  regard  it  as  simply  incidental  to  the  struggle  to  get  bet- 
ter results,  which  we  feel  we  are  realizing.  The  15  compound 
10-wheel  passenger  engines  have  large  wheels.  We  have 
found  during  this  period  of  depression  in  the  last  year  that  we 
have  not  got  the  passenger  business  to  justify  such  an  equip- 
ment. Nearly  every  one  of  these  engines  runs,  in  one  direc- 
tion at  least,  with  a  very  light  train  ;  and  we  are  perfectly  con- 
fident that  we  are  not  deriving  any  advantage  from  their  use. 
I  think  we  can  almost  predict  that  we  shall  ultimately  cut 
down  the  wheels  and  turn  them  into  freight  service.  But  we 
base  our  faith  in  the  compound  on  the  experience  that  we  get 
with  it  in  freight  service.  The  first  batch  of  21  consolidation 
engines  were  Duflt  as  recommended  by  the  Baldwin  Locomo- 
tive Works. 
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"  We  found  that  there  was  a  churning  action  of  the  pistons 
which  was  damaging  to  the  cylinders,  pistons,  cross-heads  and 
guides,  that  arose  from  the  fact  that  there  is  undoubtedly  at 
times  an  unequal  load  on  the  high-pressure  and  low-pressure 
pistons.  .  .  . 

"  But  under  all  the  varying  conditions  of  locomotive  service 
and  all  the  exacting  conditions  on  a  railroad,  I  think  that  dur- 
ing a  great  portion  of  the  time  the  loads  on  the  pistons  are  un- 
equal. That  has  shown  itself  in  the  wear  of  the  cylinders  and 
also  in  the  fits  where  the  piston-rods  enter  the  cross  head.  We 
have  recognized  the  fact,  and  in  the  last  10  engines  have  car- 
ried the  low-pressure  cylinder  rod  through  to  the  front  cylin 
dcr  head.  After  a  good  many  months'  service  from  this  lot  of 
engines  we  think  that  is  a  solution  of  the  problem.  .  .  . 

"Those  facts  and  figures  then  presented  last  year  brought 
out  the  fact  that  the  expenses  incidental  to  the  maintenance  of 
the  cylinders,  pistons,  piston  packings  and  valves  constituted 
only  2{  per  cent,  of  the  total  cost  of  maintaining  a  locomotive, 
and,  therefore,  although  we  have  had  a  somewhat  disastrous 
experience  with  our  cylinders,  nevertheless  it  is  a  very  slight, 
insignificant  thing,  and  it  is  only  a  featherweight  against  the 
real  economy  that  we  have  derived  from  the  use  of  the  com- 
pound principle  in  freight  service,  and  that  economy  we  be- 
lieve has  been  established  with  us  as  ranging  in  the  neighbor- 
hood of  10  per  cent,  in  water  consumption  and  20  per  cent,  in 
coal  consumption.  I  think  we  may  safely  assert  that  we  have 
reached  the  point  where  we  have  got  through  with  either  build- 
ing or  buying  simple  locomotives  for  freight  service." 

We  have  quoted  very  freely  from  this  discussion  because  it 
is  a  very  interesting  one,  and  the  subject  is  of  much  importance 
to  railroad  companies.  The  preponderance  of  testimony 
brought  out  by  the  discussion,  it  will  be  seen,  is  strongly  in 
favor  of  compound  locomotives.  Nevertheless,  Mr.  Gibbs  al- 
lowed a  very  active  animal  (of  the  genus  Felts)  to  escape  from 
his  mental  sack  when  he  testified  that  buttonholed  members 
outside  the  meetings  "  don't  believe  in  compounds."  The  in- 
ference is,  that  the  unexpressed  antithesis  would  be,  that  when 
members  are  unbuttoned  in  the  meeting  they  become  agnostics 
so  far  as  compound  locomotives  are  concerned. 

On  the  first  day  of  the  meeting  a  report  of  the  remarkable 
performance  of  simple  engines  on  the  New  York  Central  Rail 
road  was  submitted,  in  a  printed  report  in  which  a  comparison 
was  made  with  the  astonishing  results  obtained  in  a  test  of  Mr. 
Webb's  compound  locomotive  Greater  Britain,  on  the  Lon 
don  &  Northwestern  Railroad.  This  data  was  reprinted  in  the 
American  Engineer  for  July,  page  295,  but  for  some 
reason  the  figures  submitted  to  the  Association  are  not  re- 
printed in  its  annual  report.  As  the  performance  of  the 
Greater  Britain,  a  compound  engine,  is  the  most  remarkable 
of  which  there  is  any  record,  and  as  it  was  beaten  by  that  of  a 
simple  engine,  the  figures  which  recorded  it  would  seem  to 
have  sufficient  importance  to  justify  their  being  reprinted  in 
the  annual  report.  The  real  significance  of  the  test  can  be 
shown  with  a  very  few  figures.  The  Greater  Britain  made  a 
mileage  of  3,012  miles,  the  average  weight  of  the  train  of  cars 
being  2.08  times  as  much  as  the  engine  and  tender,  at  an  aver- 
age speed  of  47.66  miles  per  hour,  with  a  consumption  of  2.979 
oz.  of  coal  per  ton  (of  2,240  lbs.)  of  train,  exclusive  of  engine 
and  tender.  Engine  No.  999,  on  the  New  York  Central  Rail- 
road, ran  1,332  miles,  the  average  weight  of  its  train  being 
3.06  times  as  much  as  that  of  the  engine  and  tender,  the  aver- 
age speed  45.42  miles  per  hour,  and  burned  only  2.18  oz.  per 
ton  per  mile.  Since  the  convention  was  held  another  test  was 
made  on  the  New  York  Central  Road,  a  report  of  which  was 
published  in  our  issue  for  September,  page  423.  The  same 
engine  is  there  reported  to  have  run  3,874  miles,  at  an  average 
speed  of  50.5  miles  per  hour,  the  average  weight  of  the  train 
of  cars  being  2.04  times  that  of  the  engine  and  tender,  with  a 
consumption  of  coal  of  2.662  oz.  per  lon  of  train  (exclusive  of 
engine  and  tender)  per  mile. 

These  figures  are  put  forward  as  a  challenge  !  Where  is 
there  a  compound  locomotive  in  this  country  that  can  equal 
this  performance  ?  We  have  looked  in  vain  for  data  which 
are  comparable  with  these  figures.     In  fact,  none  of  the  mem- 


bers who  took  part  in  the  discussion  in  Saratoga  seemed  to 
realize  the  significance  of  the  data  submitted  to  them.  If 
these  figures  can  be  relied  on — and  we  understand  that  the 
authorities  of  the  New  York  Central  Road  are  piepared  to 
back  them  up— then  the  advocates  of  the  compound  engines 
must,  in  older  to  sustain  their  claims  of  a  saving  of  from  15 
to  30  per  cent,  of  fuel,  be  able  to  haul  trains  weighing  more 
than  twice  as  much  as  the  engine  and  tender  at  average  speeds 
of  over  50  miles  per  hour,  with  a  consumption  of  coal  of  2.262 
to  1.864  oz.  per  ton  per  mile.     Who  can  do  this  t 

Our  summary  has  again  extended  to  such  length  that  wc  are 
obliged  to  leave  the  consideration  of  a  part  of  the  report  for 
another  occasion. 


NEW   PUBLICATIONS. 


Advance  copy  of  Contents  and  Preface  of  A  Record  op  the 
Transportation  Exhibits  at  the  World's  Columbian 
Exposition  of  1893.     By  James  Dredge.    London  :  Office 
of  Engineering  ;  New  York  :  John  Wiley  &  Sons.     52  pp. , 
10|  X  14*  in. 
The  purpose  of  the  publication  of  this  preface  obviously  is 
to  announce  the  forthcoming  volume  which  Mr.  Dredge  has 
in  preparation,  and  which  will   contain   800   pages  and  200 
plates.     The  preface  gives  an  outline  of  the  scheme,  and  also 
a  general  description  of  the  plan  of  the  Exhibition  and  some 
criticism  of  its  merits  and  defects.     An  extended  notice  of  the 
book  itself  cannot,  of  course,  be  written  in  advance.     Its  gen- 
eral scope  will,  however,  be  indicated  by  the  following  ex- 
tract from  its  preface  :  "  The  Transportation  Exhibits  Build- 
ing," Mr.  Dredge  says,  "  appears  more  deserving  of  having 
its  contents  specially  recorded  than  any  other  department  or 
group  of  the  Exposition.     But  to  adequately  discharge  the  task 
a  far  larger  volume  than  the  present  would  be  required.  ..." 
The  appearance  of  the  complete  volume  will  be  looked  for 
with  eager  anticipation  by  those  interested  in  the  engineering 
of  transportation. 


Machinery.    Vol.  I,  No.  1. 

In  what  may  be  called  their  prologue,  the  projectors  of  the 
new  candidate  for  public  favor  which  is  issued  by  "  The  In- 
dustrial Press"  of  New  York  City  say  that  "  the  cost  of  al- 
most everything  used  in  connection  with  such  (newspaper) 
work  has  declined,  so  that  it  is  possible  to  produce  to-day  a 
mechanical  paper  (in  editions  of  sufficient  size)  for  5  cents  a 
copy  superior  in  every  way  to  what  would  have  cost  twice 
that  amount  a  few  years  ago. "  Therefore  it  is  proposed  to 
issue  this  paper  monthly  at  50  cents  per  year,  and  at  5  cents 
per  number.  With  this  scheme  in  view,  they  have  issued  a 
well-printed  paper  of  22  pages,  which  are  a  little  larger  than 
those  of  the  American  Engineer.  It  contains  articles  on  the 
Cramp  Ship  Yards  ;  Differential  Gearing  ;  Throttling  vs.  Auto- 
matic Engines  ;  Chimney  Draft ;  Compressed  Air  in  a  Rail- 
road Shop  ;  Hints  for  the  Shop  ;  Condensation  ;  Threading 
Dies  ;  and  Notes. 

The  arrival  of  a  stranger  always  imposes  the  duty  of  extend- 
ing a  welcome.  In  the  present  condition  of  the  newspaper 
business  this  welcome,  however,  assumes  the  character  which 
persons  in  prison  on  short  allowance  would  be  likely  to  give  to 
a  new  convict.  Even  in  prison,  the  more  there  are  the  merrier, 
probably,  but  the  smaller  will  be  the  portions  of  food  and  rai- 
ment which  are  to  be  divided  among  all  of  us.  Misery  is  pro- 
verbially fond  of  company,  and,  therefore,  being  in  the  tread- 
mill, the  arrival  of  another  batch  of  convicts  cheers  us.  The 
list  of  these  includes  Fred.  H.  Colvin,  Editor  ;  W.  H.  Wake- 
man  and  Waltei  L.  Cheney,  Associate  Editors  ;  and  F.  W. 
Jopling,  Art  Editor.  We  wish  you  all  long  life  and  greater 
prosperity  than  some  of  the  rest  of  us  are  now  enjoying. 

New  Roads  and  Road  Laws  in  the  United  States.  By 
General  Roy  Stone,  V.P.,  National  League  for  Good  Roads, 
and  U.  S.  Special  Agent  and  Engineer  for  Road  Inquiry, 
Department  of  Agriculture.  New  York  :  i>.  Van  N<>s- 
trand  Company.     166  pp.,  5  X  7£  in. 

The  author  of  this  book  says  that  the  demand  for  informa- 
tion on  its  subject  generally  relates  : 

1.  To  the  new  legislation  for  road  improvement  and  the 
working  of  that  legislation. 

2.  To  the  cost  and  methods  of  road  construction. 

3.  To  the  efforts  of  road  improvement  where  it  has  been  ac- 
complished. 


Vol.  LXVIII,  No.  io.] 


AND    RAILROAD    JOURNAL. 


437 


The  aim  of  his  book,  be  says  further,  is  "  to  give  a  con- 
densed account  of  recent  progress  in  American  road-making, 
with  details  of  the  examples  which  have  been  most  conspicu- 
ously successful,  together  with  some  suggestions  for  legisla- 
tion and  for  road  construction."  The  first  two  chapters  set 
forth  various  statements  and  opinions  to  show  the  importance 
of  good  roads,  and  an  explanation  of  the  nature  of  the  Gov- 
ernment Road  Inquiry,  of  which  the  author  has  been  appoint- 
ed the  special  agent  and  engineer.  The  next  three  chapters 
describe  various  roads  built  and  methods  of  construction  em- 
ployed in  different  parts  of  the  country.  Following  this  are  a 
number  of  chapters  on  Road  Legislation  ;  State  and  Railroad 
Aid  in  Road-making.  After  this  Materials  for  Road-making  ; 
Methods  of  Construction  ;  Effects  of  Wide  Tires  on  Roads  ; 
Report  of  the  Ohio  Commission  ;  Attitude  of  Farmers. 
"  Wheelmen"  and  Commercial  Organizations  to  the  Subject 
of  Road-making.  The  last  chapter  is  on  Road-making  and  the 
Revival  of  Business,  and  the  book  concludes  with  Abstracts 
of  New  Road  Laws  in  Sixteen  States.  It  is  without  an  index, 
however — an  omission  which  is  unpardonable  in  any  technical 
book.  It  is,  however,  written  very  clearly,  is  easy  reading, 
and  printed  in  large,  clear,  type,  and  is  illustrated  with  a  num- 
ber of  half-tone  engravings  from  photographs  of  roads  in 
different  parts  of  the  country. 


A  Text-book  on  Roads  axd  Pavements.  By  Fred.  P. 
Spalding.  New  York  :  John  Wiley  &  Sons.  213  pp., 
WX5  in. 

"  The  aim  of  this  book,"  the  author  says,  "  is  to  givea  brief 
discussion,  from  an  engineering  standpoint,  of  the  principles 
involved  in  highway  work,  and  to  outline  the  more  important 
systems  of  construction,  with  a  view  to  forming  a  text  which 
may  serve  as  a  basis  for  a  systematic  study  of  the  subject." 

There  is  an  academic  flavor  about  this  which  is  not  assur- 
ing, an  impression  which  is  confirmed  by  the  opening  chapter, 
in  which  the  Object  of  Roads  is  gravely  discussed  ;  and  we 
are  told  that  "  a  road  or  street  is  to  provide  a  way  of  travel." 
There  is  a  chapter  on  General  Considerations,  another  on 
Drainage,  which  is  followed  by  one  on  Location  of  Roads,  in 
which  the  reader  is  informed,  on  p.  42,  that  "  the  determina- 
tion of  a  line  for  a  proposed  road  involves  the  examination  of 
the  country  through  which  the  road  is  to  pass."  In  reading 
this  sage  remark  one  is  led  to  wonder  whether  any  sane  person 
ever  located  a  road  without  examining  the  country.  Again  we 
are  told  that  "  changes  in  the  length  of  a  road  affect  all  por- 
tions of  the  traffic  in  the  same  manner."  How  very  remark- 
able it  would  be  if  it  did  not ! 

Evidently  the  author  is  apprehensive  that  roads  may  be 
located  without  examining  the  country,  because  he  repeats  the 
fatuous  observation  on  page  53.  On  reading  that  "  the  line 
must  be  well  designed  to  accommodate  the  traffic,"  one  is 
disposed  to  ask,  "  What  possible  good  can  be  accomplished  by 
printing  such  twaddle  5"  The  book  is  full  of  just  such  trite 
observations.  The  reader  is  informed,  for  example,  that 
"  footways  are  not  required  to  bear  the  heavy  loads  which 
come  upon  the  roadway  pavement  ;"  "a  good  sidewalk  should 
present  an  even  surface  ;"  "  curbs  are  usually  set  in  the  streets 
or  towns  at  the  sides  of  roadway  pavements  ;"  "  there  are 
various  ways  of  setting  a  curb  ;"  "  the  grades  of  city  streets 
necessarily  depend  mainly  upon  the  topography  of  the  site," 
etc.,  ad  nauseam.  It  may  be  said  of  this  book,  as  of  some  peo- 
ple, it  would  perhaps  have  been  better  if  it  had  never  been 
born.  

Report  of  tile  Proceedings  op  the  Twenty-eighth  An- 
nual Convention  of  the  Master  Car  Builders'  Asso 
ciation.  Held  at  Saratoga,  N.  Y,  June  12,  13,  14  and  15, 
1894.    463  pp.,  6X9  in.,  and  16  folded  plates. 

This  report  reaches  us  in  its  usual  form  ;  but,  like  the  Asso- 
ciation and  the  interests  it  represents,  it  has  gTown  in  bulk,  and 
also  in  the  variety  of  matter  it  contains.  The  present  volume 
contains  54  more  pages  than  that  of  last  year.  It  is  well  print 
ed,  and  great  credit  is  due  to  the  Secretary  for  the  promptness 
with  which  it  has  been  issued  and  its  general  typographical 
excellence.  In  comparing  it,  though,  with  the  Master  Me- 
chanics' report,  several  things  invite  comment.  In  the  latter 
the  reports  of  committees  are  printed  in  large  type — apparent 
ly  small  pica  leaded— and  the  discussions  in  smaller  type — 
minion,  also  leaded.  In  the  Master  Car  Builders'  report  this 
is  reversed — that  is.  the  reports  and  papers  are  printed  in  small 
type — agate,  leaded — and  one  paper — Mr.  Rhodes's  on  Wheel 
Flanges — is  set  in  pearl  leaded.  The  Master  Mechanics'  prac- 
tice seems  to  be  preferable.  Agate  and  pearl  type  may  do  for 
the  young  chaps  who  are  so  rapidly  supplanting  us  old  fel- 
lows, but  those  of  us  whose  eyesight  is  daily  becoming  less 


acute  will  vote  for  larger  type.  The  general  principle  to  be 
observed  would  seem  to  be  to  print  the  most  important  matter 
iu  the  largest  type.  Certainly  of  the  Proceedings  the  care- 
fully prepared  reports  are,  or  may  be,  expected  to  be  of  greater 
importance  than  the  extemporaneous  discussions  therein,  in 
which  such  chunks  of  wisdom  as  "  I  second  the  motion  ;" 
"The  convention  then  adjourned;"  "Mr.  read  the  fol- 
lowing report,"  etc.,  form  a  considerable  portion.  If  the 
whole  of  the  Proceedings  were  printed  in  bourgeois  or  brevier, 
with  the  reports  of  committees  leaded  and  the  discussions  set 
solid,  the  Proceedings  would  be  pleasanter  reading  than  they 
now  are. 

The  finances  of  the  Association  would  seem  to  admit  of 
using  a  better  quality  of  paper  than  the  report  is  printed  on. 
That  which  is  used  for  both  of  the  reports  apparently  consists 
largely  of  wood  pulp,  and  its  existence  is  probably  limited  to 
only  a  few  years.  As  these  reports  will  be  valuable  to  poster- 
ity, it  is  worth  while  to  print  them  on  material  which  will  not 
decay  and  crumble  as  early  as  the  members  of  the  Association 
will. 

Another  criticism  is  that  some  of  the  engravings — notably 
those  of  brakes,  on  pages  33-39 — are  made  on  too  small  a  scale. 
The  same  thing  is  true  of  the  standards  of  the  Association  at 
the  end  of  the  book  ;  but  copies  of  these  are  obtainable  on  an 
enlarged  scale.  One  of  them,  though— that  of  the  standard 
wheel  tread  and  flange  on  plate  7— would  be  unintelligible  to 
any  person  not  familiar  with  its  form  and  dimensions.  When 
there  is  so  much  to  commend,  though,  it  seems  invidious  to 
criticise  these  minor  faults. 


Water  or  Hydraulic  Motors.    By  Philip  R.  Bjorling.    New 
York  :  Spon  &  Chamberlain.     287  pp.,  4f  X  ^i  in. 

In  his  preface  the  author  says  that  "  this  book  is  intended 
as  an  introduction  only  to  hydraulic  motors. ' '  It  is  certainly 
a  very  interesting  and  useful  introduction.  It  begins  with  a 
chapter  on  Hydraulics  which  gives  some  simple  facts,  princi- 
ples and  data  which  have  a  relation  to  water  motors.  The 
rest  of  the  book  relates  to  the  following  general  subjects  : 
Water  Wheels  ;  Turbines  ;  Water  Pressure  or  Hydraulic  En- 
gines ;  Hydraulic  Rams  ;  and  a  final  chapter  on  Measuring 
Water  in  a  Stream  and  over  a  Weir. 

The  author  says,  "  All  the  books  previously  published  are 
too  abstruse  in  mathematics,  and  not  practical.  This,"  he 
says  further,  "is  what  I  have  tried,  as  much  as  possible,  to 
avoid." 

The  general  method  of  treatment  of  his  subject  is  to  describe 
very  briefly,  with  the  aid  of  a  diagram,  the  various  kinds  of 
mechanism  included  under  the  different  heads  embraced  by 
his  book,  and  then  give  practical  rules  for  the  calculation  of 
the  proportions  of  the  parts  of  the  machines  and  the  work 
which  they  would  do.  The  general  defect  of  the  book  is  that 
the  explanations  of  both  the  principles  of  operation  and  the 
details  of  construction  are  not  full  enough.  More  elaboration 
in  both  the  illustrations  and  descriptions  would  have  increased 
the  value  and  usefulness  of  the  book.  Notwithstanding  this 
defect,  the  reader  will  find— what  is  not  common  in  books — 
that  the  information  which  he  gains  by  reading  its  pages  bears 
a  very  large  proportion  to  the  ground  which  he  goes  over— in 
other  words,  there  is  much  grain  and  little  chaff,  and  to  get  at 
the  kernels  there  are  no  hard  nuts  given  him  to  crack  nor  scien- 
tific and  technical  conundrums  given  him  to  guess,  but  all  is 
made  so  plain  that  the  book  is  almost  as  easy  to  read  as  a  news- 
paper. It  is  brimful  of  interesting  and  useful  information, 
which  often  comes  to  the  reader  in  the  form  of  a  surprise.  It 
would  be  interesting  to  know  how  many  of  the  readers  of  this 
review  could  tell  or  know  what  the  peculiarities  of  a  Poncelet 
water  wheel  are.  These  are  explained  in  a  very  few  pages,  so 
that  the  reader  is  never  likely  to  forget  them.  The  peculiarities 
of  construction  of  Pelton  water  wheels  are  also  described,  and 
that  there  are  single,  double  and  multiple-nozzle  wheels,  and 
that  with  this  wheel  wide  variations  of  power  can  be  produced 
without  essentially  impairing  the  efficiency.  This  is  done, 
first,  by  changing  the  size  of  the  nozzle  which  delivers  the 
water  to  the  wheel  ;  second,  by  a  deflecting  nozzle,  by  means 
of  which  the  direction  of  the  stream  is  varied  ;  and  third,  by 
contracting  or  enlarging  the  orifice  by  which  water  is  delivered 
to  the  wheel.  Few  American  readers  probably  have  any  idea 
of  the  extent  to  which  water-pressure  engines  are  used  in  Eu- 
rope, and  the  varietv  of  the  forms  of  construction  which  are 
i  mployed,  and  which  are  described  and  illustrated  in  the  book 
before  us.  The  same  remarks  will  apply  to  hydraulic  rams. 
We  confess  that  we  never  knew  before  that  there  are  "  pump- 
ing rams"  which  are  actuated  by  dirty  water,  and  raise  clear 
water  or  any  other  liquid,  fluid  or  semi-fluid.  A  number  of 
these  are  illustrated  and  described,  and  apparently  are  in  com- 
mon use  where  the  book  was  written.     It  contains  over  200 
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engravings  and  an  excellent  index.     Altogether,  it  is  one  of 
the  kind  of  books  which  it  is  a  pleasure  and  a  profit  to  read. 


TRADE  CATALOGUES. 


Modern  Turret  Lathe  Practice.  Published  by  the  Gis- 
holt  Machine  Company,  Madison,  Wis.,  U.  S.  A."  20  pp., 
7}  X  1<H  in. 

This  is  one  of  the  monthly  publications  of  this  company, 
illustrating  the  machines  which  they  are  making  and  the  work 
which  can  be  done  on  them.  There  are  some  slight  indications 
of  editorial  exhaustion  in  this  number,  but,  like  all  its  prede- 
cessors, it  is  interesting  and  instructive. 

Hyatt  Roller  Bearing  Company.  Powell  &  Colne,  107 
Liberty  Street,  New  York.     12  pp.,  of  x  9  in. 

This  pamphlet  describes  the  Hyatt  roller  bearing,  which 
consists  of  a  single  ribbon  of  steel  wound  on  a  mandril  to  form 
a  close  spiral.  This  forms  an  elastic  roller  which,  it  is  claimed, 
adapts  itself  perfectly  to  the  inequalities  of  the  axle  or  the 
bearing,  and  cannot  be  crushed  or  distorted  by  side  strains  on 
the  bearing  or  bending  strains  on  the  journal.  Various  appli- 
cations of  this  form  of  bearing  are  illustrated  and  described. 


Heaters.  L.  Schutte  &  Co.,  Engineers  and  Machinists, 
Philadelphia.     8  pp.,  3^  X  6  in. 

This  little  pamphlet  gives  a  description  of  an  appliance  for 
the  noiseless  heating  of  water  by  direct  steam.  The  apparatus 
is  briefly  described  as  follows  :  "  It  consists  of  an  outward  and 
upward  discharging  steam  nozzle  covered  by  a  shield  which 
has  numerous  openings  for  the  admission  of  water,  so  that  the 
jet  takes  the  form  of  an  inverted  cone,  discharging  upward. 
Air,  admitted  through  a  small  pipe,  is  drawn  in  by  the  jet, 
and,  by  mixing  with  the  steam,  prevents  the  sudden  collapse 
of  bubbles  and  the  consequent  noise  which  is  such  a  great  ob- 
jection to  heating  by  direct  steam  in  the  old  way.  A  valve  or 
cock  on  this  air  pipe  regulates  the  quantity  of  air  as  may  ap- 
pear most  desirable. 

Block  Signaling  and  Interlocking.  A  Letter  to  the 
American  Railway  Association.  By  George  Westinghouse,  Jr. 
14  pp.,  7±  X  11  in.,  with  large  folded  plate. 
"  Automatic  Block  Signaling.  The  Union  Switch  &  Sig- 
nal Company,  Pittsburgh,  Pa.  12  pp.,  7i  X  11  in.,  with"; 
folded  plates. 

The  first  of  these  publications  is  a  brief  but  clear  description 
of  the  automatic  pneumatic  system  of  block  signals  and  inter- 
locking apparatus  which  has  been  developed  by  Mr.  Westing- 
house,  and  is  now  manufactured  by  the  Union  Switch  &  Sig- 
nal Company.  Without  going  minutely  or  fully  into  details, 
it  describes  the  general  principles  and  features  of  this  block 
system  so  as  to  give  a  very  good  idea  of  the  purposes  for 
which  it  is  intended  and  its  method  of  operation. 

The  second  pamphlet  goes  more  fully  into  the  general  ar- 
rangement and  application  of  such  signals,  and  their  operation 
is  explained  very  clearly  by  a  series  of  diagrams  showing  plans 
of  tracks  with  signals  and  trains  in  the  various  positions  which 
they  would  occupy  when  in  operation. 

Notice  of  a  suit  brought  against  the  Hall  Signal  Company 
for  infringement  of  patents  and  a  list  of  these  patents  is  also 
given.  To  a  person  wanting  to  get  a  general  idea  of  the  prin- 
ciples and  operation  of  block  signals  without  going  into  the 
details  of  their  construction  there  is  no  publication  that  would 
be  so  serviceable  to  that  end  as  the  pamphlet  before  us. 


Compound  Locomotive.  Built  by  the  Richmond  Locomo- 
tive &  Machine  Works,  Richmond,  Va.     28  pp..  6f  X  10*  in. 

The  publishers  of  this  pamphlet  give,  first,  a  very  good  half- 
tone engraving  of  their  works,  with  a  brief  description  of 
them.  Following  this  is  a  general  announcement  that  they 
are  prepared  to  build  compound  engines.  After  this  are  sec- 
tional views  of  the  intercepting  valve  which  is  used,  with  a 
1  iption  of  its  construction  and  operation.  Engravings  fol- 
low of  a  simple  and  a  compound  ten-wheeled  engine  built  bv 
the  company  for  the  Chesapeake  &  Ohio  Railroad,  with  tabu- 
lar statement  of  dimensions,  weight,  etc.  Another  table  gives 
the  performance  of  10  simple  engines  and  one  compound  for 
a  year.  Indicator  diagrams  taken  from  the  compound  engine 
are  also  given. 

Similar  illustrations  and  descriptions  of  a  simple  and  com- 
pound engine  for  the  Cleveland,  Cincinnati,  Chicago  &  St. 
Louis  Railway  are  also  published,  with  reports  of  their  per- 
formance. The  significant  figures  are  on  the  fuel  consump 
tion.     On  the  Chesapeake  &  Ohio  Road  the  simple  engines  ran 


on  an  average  15.22  miles  to  a  ton  of  coal,  and  the  compounds 
20.46  miles,  so  that  the  compound  engine  did  over  a  third  more 
work  than  the  simple  engine  with  the  same  coal.  On  the 
Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Road  the  simple 
engines  burned  5.29  lbs.  of  coal  per  car  per  mile,  while  the 
compound  engine  burned  only  3.52  lbs.  This  represents  an 
economy  of  over  27  per  cent,  for  the  compound  engine.  If 
this  rate  can  be  maintained  it  must  end  the  compound  contro- 
versy, at  any  rate,  so  far  as  freight  engines  are  concerned. 

Another  notable  fact  is  the  small  difference  in  weight  be- 
tween the  simple  and  the  compounds,  which  in  both  cases  is 
given  at  only  400  lbs.  It  would  be  interesting  to  know  whether 
fhe  weights  given  are  actual  weights  taken  from  scales  or 
"estimated."  The  evenness  of  the  figures,  118,000  lbs.  and 
118,400  lbs.  in  the  one  case,  and  135,600  lbs.  and  136,000  lbs. 
in  the  other,  indicates  an  "  estimate,"  and  not  actual  weights. 
The  attitude  of  the  writer  on  the  subject  is  that  of  a  compound 
agnostic.  Perhaps  from  such  a  source — in  the  hope  of  his  con- 
version— a  little  analysis  and  criticism  may  be  tolerated.  Ii 
the  data  from  the  Chesapeake  &  Ohio  Road  are  reduced  to 
pounds  of  coal  consumed  per  car  per  mile,  it  will  be  found 
that  the  average  consumption  of  10  simple  engines  was  3.36 
lbs.  per  car  per  mile,  and  that  of  "one  compound  locomotive 
was  2.43  lbs.,  showing  a  saving  of  over  27  per  cent,  for  the 
compound.  If  we  take  the  best  performance  of  the  simple  en- 
gines— that  of  No.  125 — it  will  be  found  that  it  burned  only 
2.7  lbs.  of  coal  per  car  per  mile,  so  that,  compared  with  it,  the 
compound  showed  a  saving  of  only  10  per  cent.  If.  now.  we 
make  a  comparison  between  the  performance  of  the  simple  en- 
gines Nos.  108  and  125,  we  find  that  the  first  burned  3.93  lbs. 
of  coal,  and  No.  125.  2.7  lbs.  per  car  per  mile,  or  a  difference  of 
31.3  per  cent. — that  is,  there  is  a  difference  of  31.3  percent, 
between  the  best  and  the  worst  performance  of  the  simple  en- 
gines, and  only  10  per  cent,  between  that  of  the  best  simple 
engine  and  the  compound.  Now,  if  the  smoke-stack  of  engine 
No.  125  had  been  painted  red,  by  the  same  process  of  reason- 
ing, the  data  before  us  would  prove  a  resulting  economy  of 
31.3  per  cent,  from  the  use  of  chinineysof  that  particular  hue. 
All  that  is  contended  for  here  is  that  it  would  be  fallacious,  to 
infer  from  the  data  before  us,  that  because  the  average  fuel 
consumption  of  ten  simple  engines  is  3.36  lbs.  per  car  per  mile, 
and  that  of  one  compound  is  only  2.43  lbs.,  that,  therefore, 
there  is  a  saving  indicated  by  the  difference  due  to  the  com- 
pound system.  Ten  compound  engines  working  under  the 
same  conditions  as  the  simple  engines  would  probably  show- 
very  different  average  results. 

On  the  Cleveland,  Cincinnati,  Chicago  ifc  St.  Louis  Road  16 
simple  engines  burned  an  average  of  5.29  lbs.  of  coal  per  car 
per  mile,  while  one  compound  burned  only  3.52  lbs.,  which  is 
apparently  equal  to  an  economy  of  over  33  per  cent.  Com- 
paring the  compound  with  the  best  performances  of  simple 
engines,  the  figures  are  4.79  lbs.  and  3.52  lbs.,  or  a  differ- 
ence of  over  26  per  cent,  in  favor  of  the  compound.  The 
difference  between  the  best  and  the  worst  performance  of  the 
simple  engines  is  nearly  25  per  cent.  The  point  to  which  at- 
tention is  especially  called  is  that  the  reports  before  us  show 
that  there  is  as  much  difference  in  the  economy  of  fuel  con- 
sumption between  different  simple  engines  as  there  is  betweeu 
some  simple  and  the  compounds,  and  that  the  economy  due  to 
the  compound  system  is  much  less  than  the  data  from  the  two 
roads  referred  to  might  indicate.  We  have  no  doubt  of  the 
fact  that  compound  locomotives,  under  favorable  conditions, 
will  show  some  saving  of  fuel  ;  but  that  is  no  reason  for  en- 
tertaining the  belief  that  the  saving  is  much  more  than  it 
really  is. 

Accompanying  their  interesting  publication,  the  Richmond 
Locomotive  &  Machine  Works  have  issued  several  leaflets  giv- 
ing the  opinions  of  compound  locomotives  which  were  ex- 
pressed by  various  persons  at  the  recent  convention  of  the 
Master  Mechanics'  Association.  At  that  meeting  there  were 
great  differences  of  opinion  expressed,  and  apparently  we  have- 
not  yet  reached  the  clarifying  period  in  the  discussion  when 
there  will  be  abundant  facts  to  reason  from  and  true  values 
will  be  assigned  to  them.  In  the  mean  while,  all  reports  agree 
in  this,  that  the  Richmond  Locomotive  &  Machine  Works  are 
building  some  excellent  simple  as  well  as  compound  locomo- 
tives, some  of  which  are  illustrated  in  the  publication  before 
us,  the  design  of  which  can  be  highly  commended  and  the 
performance  of  which  is  indicated  by  the  data  given  in  their 
pamphlet. 
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NOTES  AND  NEWS. 


Large  Steel  Plate.— It  is  claimed  that  the  largest  steel 
plate  ever  rolled  was  turned  out  by  the  Wellman  Iron  &  Steel 
Works,  at  Chester,  Pa.  The  dimensions  of  the  plate  are  450 
in.  long  by  130  in.  wide  and  1J  in.  thick.  It  is  intended  as  a 
rudder  plate  for  one  of  the  vessels  now  being  built  by  the 
Cramps  for  the  International  Navigation  Company.  The  rud 
der  plates  called  for  were  so  large  that  there  were  only  two 
mills  in  the  world  having  sufficient  capacity  to  make  them — 
one  at  Krupp's  and  the  other  at  Wellman's. 

Ship  Railway  on  the  Columbia  River. —An  appropriation 
of  $150,000  has  been  made  by  Congress  for  the  preliminary 
work  on  a  ship  railway  to  be  constructed  through  the  Dalles, 
on  the  Columbia  River,  in  Oregon.  The  car  that  will  be  used 
will  be  40  or  50  ft.  in  breadth,  and  long  enough  to  carry  ves- 
sels that  can  steam  up  the  river,  which  in  the  spring  months, 
when  the  water  is  high,  will  allow  a  draft  of  about  14  ft.  The 
car  will  be  sunk  under  water  and  the  vessel  floated  over  it  ; 
the  car  will  then  be  raised  by  a  hydraulic  lift  some  70  ft.  above 
the  water  level  to  the  height  of  the  land  track  and  the  car  run 
upon  it.  This  land  track  will  consist  of  four  or  five  railway 
tracks  of  standard  gauges,  and  there  will  be  no  curves  sharper 
than  2°. 

The  New  Torpedo  Boats. — The  chiefs  of  ordnance  con- 
struction and  steam  engineering  of  the  Navy  have  completed 
their  design  for  the  three  new  torpedo  boats  authorized  by 
Congress,  and  it  is  likely  that  advertisements  for  proposals 
will  be  invited  in  the  course  of  a  month.  The  vessels  will  be 
slightly  larger  than  the  Ericsson,  and  will  show  several  novel 
features,  the  chief  of  which  consists  in  placing  the  propellers 
abaft  the  rudder,  this  experiment  having  been  tried  with  suc- 
cess abroad.  As  compared  with  the  Ericsson,  the  dimensions 
of  the  new  vessels  are  as  follows  : 


Length  load  water  line 

Beam       

Draft 

Displacement 

Indicated  H.P 

Speed  in  knots 

Coal  capacity  (tons)  , . . 


New. 

Ericsson. 

ICO 

150  ft. 

16 

15.05 

5 

4.75 

1.35  tons. 

180 

2,000 

1,800 

24.5 

24 

50 

40 

A  decided  innovation  consists  in  placing  the  quarters  for  offi- 
cers forward  and  those  of  the  men  aft,  which  is  a  return  of 
the  method  Ericsson  pursued  in  designing  the  monitors,  hav- 
ing particularly  in  mind  the  comfort  of  the  enlisted  men.  The 
officers'  quarters  will  be  more  roomy  than  those  on  any  other 
torpedo  boat  as  a  result  of  putting  the  tubes  above  deck,  while 
the  accommodations  for  the  men  are  unusually  large,  due  to 
the  extension  of  the  broad  water-line  aft  to  prevent  excessive 
squatting  so  noticeable  in  high-speed  vessels.  The  contract 
price  of  the  Ericsson  was  $113,500  for  hull  and  machinery 
alone.  The  new  vessels  are  limited  in  price  to  $150,000  each, 
including  torpedo  equipment  and  full  outfit.  Under  the  law 
no  premiums  will  be  paid  for  extra  speed,  but  on  account  of 
the  increased  II  P.  and  finer  lines  of  the  new  vessels  there  is 
little  doubt  that  they  will  make  24.5  knots,  which  must  be 
guaranteed  by  the  contractor.  With  the  exception  possibly  of 
the  submarine  boat,  these  three  are  the  only  vessels  which  will 
be  commenced  by  the  navy  during  the  current  year. 

Mechanical  Traction  of  Paris  Street  Cars. — Compressed 
air  on  the  Mekarski  system  has  for  some  time  been  used  to 
drive  street  cars  in  Paris,  and  has  been  adopted  on  three  of  the 
lines  operated  by  the  General  Omnibus  Company.  The  long- 
est of  these  is  about  12  miles,  and  the  three  "aggregate  24 
miles.  Trains  of  three  cars,  seating  51  persons  each,  are  to 
start  from  the  Louvre  at  quarter-hour  intervals,  and  at  a  junc- 
tion point  are  divided,  one  car  going  to  St.  Cloud  and  the  other 
two  to  Sevres  and  Versailles.     The  locomotives  drawing  these 


trains  are  carried  on  six-coupled  wheels.  They  will  weigh  18 
tons,  and  have  to  surmount  an  incline  of  1  in  23  on  a  part  of 
the  line.  Twenty-three  locomotives  are  to  be  built  to  operate 
these  lines,  six  being  kept  in  reserve.  The  air  pressure  carried 
in  the  reservoirs  will  be  1,138  lbs.  per  square  inch,  and  a  suffi. 
cient  quantity  of  air  will  be  carried  to  enable  the  locomotives 
to  run  12  miles  without  recharging.  The  Northern  Tramways 
Company  of  the  same  city  has  adopted  electric  accumulators 
for  the  operation  of  its  cars.  These  are  arranged  to  seat  52 
persons  and  run  at  a  speed  of  7-J  miles  inside  the  city  and  10 
miles  an  hour  outside  the  barriers.  The  maximum  grades  are 
4  per  cent.,  and  each  car  runs  about  80  miles  a  day.  The  mo- 
tive power  is  supplied  by  a  battery  of  108  cells,  having  11 
plates  each.  These  cells  are  fitted  inside  12  cases.  They  are 
coupled  in  four  groups  of  27  cells  each,  so  that  the  electro-mo- 
tive force  of  each  group  is  about  50  volts  ;  and  as  those  groups 
may  be  arranged  either  in  series  or  parallel,  a  wide  range  of 
potential  is  at  the  service  of  the  driver.  The  two  motors 
which  drive  the  axles  may  also  be  coupled  at  will  in  series  or 
parallel,  so  that  a  reserve  of  power  is  available  for  climbing 
grades.  The  total  weight  of  the  car  with  accumulators  and 
passengers  on  board  is  12  tons.  Readings  on  a  complete  run 
showed  that  the  average  tractive  effort  was  about  15A  to  17 
lbs.  per  ton,  but  the  maximum  was  80  lbs.  per  ton.  The  cost 
is  almost  the  same  as  horse  power  on  the  same  lines. 

A  New  Russian  Battleship.— On  June  2  last  there  was 
launched  from  the  yard  of  the  New  Admiralty,  St.  Peters- 
burg, Russia,  the  great  armored  battleship  Sisoi  the  Great 
(Sisoi-  Veliki).  The  Emperor,  the  higher  officers  of  the  fleet, 
army  and  civil  administration,  and  the  whole  diplomatic  corps 
were  present  at  the  ceremony.  This  ship  is  the  first  of  four 
armored  ships  which  were  laid  down  by  the  Emperor  in  May, 
1892.  The  hull  is  constructed  of  steel  made  by  the  Tjora  Ad- 
miralty Works  in  Kolpino  (near  St.  Petersburg),  it  is  de- 
signed on  the  lattice-work  system,  with  double  bottoms.  The 
strength  and  security  of  the  hull  is  insured  by  means  of  longi- 
tudinal and  transverse  bulkheads,  which  divide  the  whole 
space  into  21  water-tight  compartments.  The  principal  dimen- 
sions of  the  ship  are  as  follows  :  Length  between  perpendicu- 
lars, 332  ft.  ;  length  on  loaded  water-line,  345  ft.  ;  length  over 
all,  351  ft.  10  in.  ;  breadth,  68  ft.  ;  draft  from  22  to  23  ft.  ; 
full  displacement,  8,880  tons.  The  sides  are  vertical,  being 
18  ft.  forward  and  17  ft.  aft.  The  fore  run  is  straight,  and 
provided  with  a  cast-steel  ram  fastened  by  horizontal  brackets. 
The  after  run  extends  vertically  into  the  water,  and  at  the 
depth  of  from  6  to  8  ft.  it  is  cut  away  so  as  to  form  a  space 
for  the  rudder  and  screws,  which  are  fully  protected.  The 
rudder  is  of  the  ordinary  type.  The  deck  armor  protection 
consists  of  a  turtle-back  deck,  3  in.  thick,  sloping  off  at  the 
bow  and  stern  and  along  the  sides  of  the  vessel.  The  crown 
of  the  deck  at  the  center  of  the  ship  is  3  ft.  above  the  water- 
line,  while  the  inclination  all  round  comes  down  to  the  sides 
at  a  point  5  ft.  below  the  water-line.  All  the  vital  parts  of  the 
ship,  such  as  engines,  boilers,  steering  gear  and  magazines  are 
placed  beneath  this  deck,  while  immediately  above  it  is  the 
lower  armored  redoubt,  250  ft.  long.  The  thickness  of  the 
armored  plates  is  16  in.  The  second  redoubt  is  60  ft.  shorter. 
The  third  and  upper  redoubt  is  still  shorter,  and  contains  the 
additional  armament  of  the  ship.  The  space  between  the  ex- 
tremities of  redoubts  is  covered  with  armored  decks,  and  on 
the  extremities  of  the  lower  redoubt  armored  towers  are  placed. 
These  towers  carry  the  gun  turrets  and  establish  communica- 
tion with  the  inner  rooms,  magazines  and  stores.  The  diame- 
ter of  the  turrets  is  30  ft.  ;  height,  10  ft.,  and  the  thickness  of 
armor  plates  16  in.  Each  turret  contains  two  12-in.  Oboukov 
guns,  40  calibers  long.  The  height  of  the  trunnions  above  the 
water-line  is  23  ft.  In  addition  to  this  armament  the  ship  car- 
ries six  6-in.  rifled  guns  and  18  Hotchkiss  quick-firing  guns. 
The  6-in.  guns  and  the  four  of  Hotchkiss  guns  are  placed  in 
the  covered  battery  ;  the  other  quick-firing  guns  are  on  deck. 
The  torpedo  armament  consists  of  six  launching  apparatus  for 
Whitehead  torpedoes,  two  torpedo-boats,  and  a  stock  of  sphero- 
conic  torpedo  catchers  ;  besides  these  it  has  Boliven  nets  and 
Mangen  electric  projectors,  in  order  to  guard  against  subma- 
rine assault.  Electric  lighting  will  be  used  throughout  the 
ship.  The  main  engines  are  triple  expansion,  and  consist  of 
two  independent  engines  of  8,500  I.  H.P.  There  are  12  boilers 
of  the  Belleville  water  type  with  three  fire  boxes.  The  great- 
est speed  of  the  ship  is  16  knots.  The  bunkers  will  carry  550 
tons  of  coal,  sufficient  for  a  voyage  of  5,000  miles  at  a  speed 
of  10  knots.  The  engines  and  boilers  were  built  by  the  Baltic 
Works. 

The  quarters  for  crew  and  officers  are  very  comfortable. 
They  are  high,  spacious,  well  ventilated  and  lighted,  because 
they  are  well  up  over  the  water-line  and  are  provided  with 
numerous  port  holes.  The  quarters  for  the  crew  and  a  por- 
tion of  the  officers  are~ou  the  lower  deck,  while 'those  for  the 
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captain  and  the  admiral  are  located  astern  on  the  upper  battery 
deck.  From  the  admiral's  cabin  a  door  leads  to  a  gangway 
running  entirely  around  the  stern.  The  ship  is  being  built  by 
the  New  Government  Admiralty  under  the  superintendence  of 
Maksinoff ,  as  engineer,  and  Colonel  Propoff .  The  whole  cost 
will  be  $4,250,000.     The  construction  was  begun  in  1891. 

To  Newark  by  Trolley.— A  correspondent  describes,  in  the 
New  York  Sun,  how  he  went  to  Newark  by  a  trolley  car  : 

"  I  bought  passage,"  he  says,  "  at  a  little  ticket  office  which 
stands  on  the  sidewalk  in  Cortlandt  Street  against  the  side  of 
the  building  on  the  southeast  corner  of  West  Street.  For  10 
cents  I  received  two  tickets,  one  entitling  me  to  a  ride  over 
the  ferry  and  the  other  to  a  ride  on  the  electric  cars  from  Jer- 
sey City  to  Newark. 

"  We"  left  New  York  at  2.31  p.m.  We  started  from  Jersey 
City  at  2.42  in  a  large  open  car  in  which  there  were  26  pas- 
sengers. It  is  a  familiar  fact  that  these  cars  take  only  through 
passengers,  but  passengers  are  taken  up  by  outgoing  cars  any- 
where on  the  line  in  either  terminal  city, "to  be  set  down  any- 
where on  the  line  in  the  other.  .  .  .  This  car  arrived  at  tile 
Market  Street  Station  of  the  Pennsylvania  Kailroad  at  3.24. 
Time  from  New  York,  53  minutes  ;  time  from  Jersey  City,  42 
minutes.  Time  on  the  Pennsylvania  Railroad  by  a  train 
scheduled  to  leave  New  York"  at  2.30  from  New  York  to 
Market  Street,  36  minutes  ;  from  Jersey  City,  21  minutes. 
There  are  trains  that  make  the  distance  in  less  time.  I  stayed 
on  the  car  to  Broad  Street  and  got  off  there,  that  being  the 
point  nearest  where  I  wanted  to  go.  Arrived  at  Broad  Street 
at  3.27.  Time  from  Jersey  City,  45  minutes  ;  distance  from 
Jersey  City  about  8i  miles.  So  that  the  actual  speed  of  the 
car  was  at  the  rate  of  about  12  miles  an  hour." 

Delaware  &  Hudson  Shop  Tools.— Among  the  handy 
shop  tools  which  we  have  illustrated  from  time  to  time  as 
having  been  designed  and  constructed  in  the  shops  of  the  Dela- 
ware &  Hudson  Canal  Company,  we  show  three  which  are 
especially  convenient.  Fig.  1  is  a  gauge  for  measuring  dis- 
tances between  the  insides  of  wheel  flanges.  The  plunger  at 
the  left-hand  side  bears  up  against  the  spring  and  carries  the 
index  along  the  scale  shown,  which  marks  the  distances  be- 
tween the  two  ends  at  anytime.  This  is  a  very  rapid  and 
quick  method  of  determining  whether  wheels  have  been 
pressed  to  the  proper  gauge  or  not.  Fig.  2  is  a  handy  holder 
for  holding  a  reamer  or  tap  in  a  drill  press.  The  chuck  is 
fitted  into  the  chuck  socket  of  the  spindle  and  bored  out 
straight  to  take  the  tap  "bolder.  On  one  side  there  is  a  slot 
through  which  a  pin  in  the  tap  holder  moves,  allowing  a  cer- 
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tain  amount  of  vertical  motion,  so  that  as  long  as  the  pin  is 
kept  clear  from  the  top  and  bottom  of  the  slot  there  will  be  no 
tendency  to  cramp  or  pull  out  the  socket.  The  tap  is  provid- 
ed with  a  taper  shank  and  is  held  in  position  by  a  set  screw 
shown  by  doited  lines.  Figs.  3  and  4  are  side  and  front  ele- 
vations of  a  handy  little  truck  used  for  moving  hydraulic  jacks 
about  the  shops.  As  these  jacks  are  too  heavy  for  one  man  to 
carry,  and  as  rolling  them  over  the  floor  is  a  slow  process,  it 
is  evident  that  considerable  time  will  be  saved  by  having  a 
light  truck  on  which  they  can  be  loaded  and  moved  from  one 
point  to  another  as  rapidly  as  the  ordinary  laborer  would 
walk,  which,  at  the  best,  is  not  too  fast.  This  truck  col 
of  a  piece  of  iron  bent  to  the  shape  shown  in  fig.  3  and  cut  out 
as  shown  in  fig.  4.     It  has  a  bracket  riveted  to  it  for  carrying 


the  upper  end  of  the  jack,  while  the  lower  end  is  riveted  to  an 
axle  carried  by  two  smaller  wheels  which  just  touch  the  floor 
when  the  truck  is  in  position,  shown  in  fig.  3. 

The  Warships  of  China  and  Japan. — Since  the  outbreak 
of  war  between  China  and  Japan,  some  particulars  about  the 
natures  and  relative  strengths  of  their  fleets  will  doubtless  be 
of  interest  to  some.  The  Chinese  fleet  includes  5  armored  ships 
and  24  unarmored  vessels,  in  addition  to  24  small  gun-boats 
and  6  floating  batteries. 


Name  of  Ikonclads. 


Chen-  Yuen 
King-  Yuen 
Ping-  Yuen. 
Lai-  Yuen . . 
Ting-  Yuen 


H.  P. 


Tons. 
7,430 

2,850 
2.S50 
2,850 
7,430 


6.200 
3,000 
2.400 
3,000 
6,200 


Al.M    1. 


Belt. 


In. 
14  CO. 

8 

m 

14  CO. 


Turrv: 
or  Bar- 
bette. 


In. 
12  co. 

B  -■ 

5 

8  co. 
12  " 


Date. 


1882 
1887 

lv-i 
Is.-: 
is-: 


Speed. 


Knots. 
14.5 
1G.5 
10.5 
16.5 
14.5 


The  Chen-  Tuen  and  the  Ting-  Yuen  are  of  fair  size,  the 
others  being  small,  and  one  of  them,  the  Ping- Tuen,  compara- 
tively slow.  They  are  well  armed  ;  the  Chen-  Tuen  and  Ting- 
Yuen  have  12  in.  Krupp  guns,  the  King- Tuen  has  8-in.  and 
the  Ping-  Tuen  10-in.  guns,  besides  smaller  ones.  Among  the 
unarmored  ships  the  Chih-Tuai  and  the  Ching-Tven  are  the 
most  formidable,  being  of  2,300  tons  displacement,  5,500  H.P. 
and  18  knots  speed.  They  have  10-in.  steel  barbettes  and  three 
Sin.  12-ton  guns  each,  besides  quick-firing  and  machine  guns. 
The  Tshao-  Tong  is  a  vessel  of  1,350  tons  displacement,  2,677 
H.P.  and  16.8  knots  speed.  She  was  launched  in  1881,  and 
armed  with  two  10  in.  Armstrong  guns,  four  4.7-in.  quick 
firers,  and  7  machine  guns.  The  armored  ships  of  Japan 
are  not  formidable  as  ironclads.     They  are  as  follows  : 


H.  P. 

Armob. 

Date. 

Name. 

Belt. 

Bat- 
tery. 

Speed. 

Fu-Soo 

Tons. 
3,718 
2.200 
2,200 
1 .459 
2,450 

3,500 

2. 1'"i 

2,450 

975 

5,600 

In. 

4H 
4« 

In. 
4 

1877 
1878 
1-7: 
1864 
1689 

Knots. 
13.2 

Hi-Yei 

13  0 

Rio-Jo 

Ttchiyoda 

13.7 
9.0 
19.0 

The  last  of  these  would  be  belter  described  as  a  protected 
cruiser  than  an  iron-clad.  The  others  are  small,  weak  and 
slow.  There  are  32  unarmored  ships,  of  which  the  Akitsus- 
chima,  the  Hamdate,  the  Itsukvshitna,  the  Mttsuchima  and  the 
Toshino  are  the  most  formidable.  The  latter  is  one  of  the 
most  rapid  cruisers  afloat,  having  15,000  H.P.  and  23  knots 
speed.  All  these  vessels  have  been  launched  since  1891,  and 
if  they  come  into  conflict  we  shall  be  able  to  judge  of  the  rela- 
tive merits  of  armor  and  no  armor.  The  Japanese  cruisers  are 
more  numerous  and  larger  than  the  Chinese,  and  many  of 
them  are  model  craft  in  the  eyes  of  those  who  believe  that 
armored  protection  is  not  worth  what  it  costs. — Invention. 

A  Defect  in  Engineering  Education.— In  his  address  be- 
fore the  Mechanical  Section  of  the  British  Association,  Pro- 
fessor Kennedy,  the  President  of  that  Section,  made  the  fol- 
lowing very  sensible  observations  with  reference  to  one  branch 
of  the  education  of  engineers,  which  it  is  thought  is  very  much 
neglected  in  this  country  as  well  as  in  Europe.  In  referring 
to  it,  the  professor  said  : 

"  It  is  not  easy  to  overrate  the  importance  to  the  engineer, 
as  to  other  folk,  of  the  power  of  saying  clearly  what  he  means, 
and  of  saying  just  what  he  means.  I  do  not  mean  only  of 
doing  this  for  its  own  sake,  but  because  if  a  man  cannot  say  or 
write  clearly  what  he  means  it  is  improbable  that  he  can  think 
clearly.  By  the  power  of  expression  I  do  not  mean,  of  course, 
the  mere  power  of  speaking  fluently  in  public — a  thing  which 
appears  physically  impossible  to  some  people  ;  I  mean,  rather, 
the  power  of  expression  in  writing,  which  carries  with  it  clear- 
ness and  consecutiveness  of  thought.  It  is  difficult  to  know- 
how  this  matter  can  be  taught,  but  at  least  it  can  be  insisted 
upon  probably  to  a  much  greater  extent  than  is  commonly  the 
case.  A  man  requires  to  see  clearly  not  only  the  exact  thing 
which  he  wants  to  say,  but  the  whole  environment  of  that 
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thiug  as  it  appears  to  him.  Not  ouly  this,  but  he  must  see  the 
whole  environment  of  the  same  thing  as  it  appears  to  the  per- 
sons for  whom  he  is  writing,  or  to  whom  he  is  speaking.  He 
has  to  see  what  they  know  about  the  matter,  what  they  think, 
anil  what  they  think  they  know  ;  and  if  he  wishes  to  be  really 
understood  has  got  to  do  much  more  than  merely  write  the 
thing  he  means.  He  has  carefully  to  unwrite,  if  I  may  use 
the  expression,  the  various  things  that  other  people  will  be 
certain  to  think  that  he  means.  For,  after  all,  the  great  major- 
ity of  people  are  very  careless  listeners  and  readers,  and  it  is 
not  for  the  small  minority  who  are  really  exact  in  these  mat- 
ters that  one  has  to  write." 

A  New  Elementary  Body  Discovered  in  the  Atmosphere. 

— In  describing  the  recent  Proceedings  of  the  British  Associa- 
tion, a  correspondent  of  Nature  says  : 

"  So  far  as  the  scientific  importance  of  the  communications 
made  to  the  present  meeting  is  concerned,  it  is  conceded  on 
all  hands  that  a  verbal  and  really  an  informal  announcement 
made  by  Lord  Rayleigh  to  Section  B,  on  Monday,  on  behalf 
of  himself  and  Professor  Ramsay,  takes  the  first  place.  It  is 
known  that  Lord  Rayleigh  has  been  for  many  years  engaged 
upon  the  determination  of  the  densities  of  various  gases.  We 
have  learned  that  he  found  in  the  case  of  nitrogen  different 
densities  amounting  to  about  |  per  cent.,  according  as  the  gas 
was  obtained  from  chemical  compounds  and  the  so-called 
nitrogen  of  the  atmosphere.  This  and  other  points  have  re- 
cently occupied  the  attention  of  both  Lord  Rayleigh  and  Pro- 
fessor Ramsay,  and  they  have  succeeded  iu  isolating  from  this 
so-called  atmospheric  nitrogen,  and  by  two  distinct  processes, 
a  second  inert  ingredient  denser  than  true  nitrogen.  The  first 
method  employed  was  that  used  by  Cavendish  in  his  demon- 
stration of  the  composition  of  nitric  acid.  Air  mixed  with 
oxygen  is  submitted  to  electric  sparks  in  presence  of  alkali 
until  no  further  contraction  takes  place.  The  excess  of  oxy- 
gen is  then  absorbed  by  pyrogallol.  That  the  residual  gas  is 
not  nitrogen  is  inferred  from  the  manner  of  preparation,  and 
from  the  appearance  of  its  spectrum.  A  second  method  giv- 
ing much  larger  quantities  of  the  new  gas  depends  upon  the 
removal  of  nitrogen  from  deoxygenated  air  by  passing  it  over 
heated  magnesium.  When  this  process  was  allowed  to  con- 
tinue, the  density  gradually  rose  to  14.88,  16.1,  and  finally  to 
19.09.  At  this  stage  the  absorption  appeared  to  have  reached 
its  limit,  indicating  that  the  new  gas  amounts  to  about  1  per 
cent,  of  the  nitrogen  of  the  atmosphere.  When  the  gas  thus 
prepared  was  sparked  with  oxygen  there  was  little  or  no  con- 
traction. Lord  Rayleigh  and  Professor  Ramsay  have  already 
found  that  no  liquefaction  occurs  when  the  gas  is  compressed 
at  atmospheric  temperatures. 

■•V'  Sir  Henry  Roscoe  said  that  the  communication  was  one  of 
the  greatest  possible  interest  and  importance,  and  the  Section 
as  well  as  the  distinguished  authors  were  greatly  to  be  con- 
gratulated on  the  announcement  of  the  discovery  of  what 
would  in  all  probability  turn  out  to  be  a  new  elementary  body 
existing  in  the  atmosphere.  The  discovery  appeared  to  him  to 
be  of  special  significance,  as  being  one  brought  about  by  the 
application  of  exact  quantitative  experiment  to  the  elucida- 
tion of  the  problem  of  the  chemical  constitution  of  our 
planet." 

Pumping  Air  into  the  Earth. — What  is  known  as  the 
Heckert-Rowland  plan  for  generating  natural  gas  iu  the  bowels 
of  the  earth  is  about  to  be  given  a  practical  demonstration  in 
Fiudlay,  O.  The  necessary  pumps  and  engines  are  now  being 
erected  on  the  site  of  the  old  Wetherald  rolling  mills,  in  the 
northeastern  part  of  the  city.  This  is  in  the  vicinity  of  several 
abandoned  gas  wells  which  will  be  utilized  for  conducting  the 
experiments.  The  theory,  which  was  evolved  by  William 
Heckert,  a  well-known  mechanical  engineer,  at  present  a  mem- 
ber of  the  Findlay  City  Council,  will  work  a  revolution  in  the 
natural  gas  region  if  it  proves  practical. 

"ZjIIeckert  proposes,  by  means  of  powerful  pumps,  to  force  air 
down  into  the  gas-bearing  rocks,  which  it  will  permeate,  and 
thereby  become  infused  with  the  active  properties  of  the  gas 
itself.  It  is  contended  that  as  now  burned  for  fuel,  the  natu- 
ral gas  requires  an  admixture  of  nine  parts  of  air  to  one  part 
of  gas,  and  that  this  mixing  can  as  well  be  done  in  the  earth  as 
in  the  stove  or  in  the  furnace  where  it  is  burned.  The  great 
trouble  in  the  gas  region  is  not  so  much  the  decrease  in  the 
volume  of  gas  as  the  decrease  in  the  pres?ure.  This  has  fallen 
off  in  a  large  portion  of  the  Ohio  field,  from  400  lbs.,  at  which 
it  started,  to  40  to  80  lbs.,  and  this  is  found  to  be  insufficient 
to  convey  the  gas  from  the  wells. through  the  system  of  pipes 
to  the  point  of  consumption.  The  friction  takes  up  all  the 
initial  pressure. 

t|  By  Ileckert's  process  this  lost  pressure  will  be  re-estab- 
lished, His  air  pumps,  constantly  at  work,  will  force  enough 
air  down  one  hole  to  create  a  pressure  sufficient  to  force  the 


remaining  gas,  mixed  with  the  air,  out  of  several  other  holes, 
and  give  it  a  strong  initial  pressure  in  the  pipes.  The  gas  thus 
formed  or  charged  with  air  will  be  ready  for  burning  with  lit- 
tle additional  mixture  of  air  at  the  point  of  combustion.  It  is 
also  claimed  by  Heckert  that  air  thus  pumped  down  into  the 
rock  and  passing  over  and  through  the  pools  of  oil  which  are 
now  almost  universal  in  the  Trenton  rock  in  this  section  will 
take  up  the  volatile  gas  of  the  oil  and  force  it  up  the  con- 
venient wells  ready  for  use. 

Inside  of  a  month  or  two  the  preparations  for  the  trial  of 
this  important  theory  will  be  made. 

Electricity  in  Workshops. — A  paper  on  this  subject  was 
read  at  the  recent  meeting  of  the  Iron  and  Steel  Institute,  in 
England,  by  Mr.  Selby  Bigge,  in  which  the  author  gave  some 
interesting  particulars  of  the  progress  that  has  been  made  in 
Belgium  in  using  electricity  as  a  means  of  distributing  power 
in  factories  and  workshops.  The  question  has  become  one  of 
commercial  expediency,  and  the  author  boldly  attacks  it  from 
this  point  of  view,  stating  that  his  "  whole  contention  in  ad- 
vocating electricity  as  the  right  and  proper  agent  of  operating 
new  works,  and  as  a  means  whereby  old  works  can  be  remod- 
eled, may  be  summarized  by  the  one  word  '  economy.'  "  As 
an  instance  in  point,  he  quoted  the  National  Arms  Factory  at 
Heistal,  near  Liege.  These  works  were  recently  founded  to 
execute,  in  the  first  instance,  an  order  for  200,000  rifles,  the 
production  being  guaranteed  at  250  rifles  eveiy  12  working 
hours.  The  Compagnie  Internationale  d'Electricite  supplied 
the  electric  power  installation,  laying  down  13  motors,  ranging 
between  16  H.P.  and  37  II. P.,  and  giving  a  total  of  260  H.P. 
For  the  former  size  of  motors  they  guaranteed  a  commercial 
efficiency  of  87  per  cent.,  and  for  the  latter  89  per  cent.  The 
total  power  of  the  motors  (260  H.P.)  would  therefore  be  ob- 
tained by  296.9  initial  H.P.  There  was  a  large  amount  of 
electric  lighting  to  be  done  also,  so  that  an  engine  and  dynamo 
of  500  H.P.  was  installed.  The  ratio  between  the  electric 
energy  available  and  the  energy  transmitted  to  the  shaft  by 
the  engine  was  guaranteed  to  be  90  per  cent.  The  electric 
motors  drive  the  line  shafting  of  the  machines,  and  the  effi- 
ciency of  transmission  -that  is  to  say,  the  ratio  between  the 
power  available  and  the  effective  H.P.  developed  by  the 
steam  engine — is  given  by  the  product  of  three  efficiencies,  as 
follows  :  90  per  cent,  for  the  dynamo,  98  per  cent,  for  the 
conductors  and  87  per  cent,  for  the  motors  =  76.6  per  cent. 
The  installation  has  now  been  running  for  three  years  without 
being  the  cause  of  cessation  of  work  for  a  single  minute. 

It  is  a  veiy  difficult  matter  to  form  comparisons  between  the 
respective  efficiencies  of  different  methods  of  power  distribu- 
tion, and  it  maybe  pointed  out  that  in  the  Heistal.  case  the 
electric  system  does  not  appear  to  its  greatest  advantage,  as 
the  motors  drive  line  shafting  in  place  of  being  attached  direct- 
ly to  the  machines.  There  is  no  doubt,  however,  that  a  very 
strong  case  can  be  made  out  for  electricity,  and  electrical  en- 
gineers may  look  forward  with  confidence  to  a  large  extension 
of  their  field  of  activity  in  regard  to  power  distribution.— 
Nature. 

The  Extensibility  of  Iron  and  Steel.— At  the  recent  meet- 
ing of  the  British  Association,  Professor  Fidler  read  a  mono- 
graph on  this  subject,  of  which  the  following  abstract  ap- 
peared in  Nature : 

"  The  author  pointed  out  that  the  stress-strain  diagram  of 
ductile  material  as  autographically  drawn  does  not  indicate  any 
definite  relation  between  tensile  stress  and  plastic  strain.  The 
unit  stress  varies  in  different  parts  of  the  bar  ;  the  elongation 
measure  by  the  diagram  being  that  of  the  whole  bar.  The 
author's  experiments  indicated  that  the  plastic  extensibility 
under  any  given  stress  is  nearly  the  same  in  all  segments  of 
the  bar's  length,  even  when  the  ultimate  elongation  varies. 
Volumetric  measurements  of  the  successive  segments  indicate 
that  there  is  no  sensible  telescopic  shear,  and  justify  the  gen- 
eral application  of  the  assumption  of  unchanging  volume.  It 
might  at  first  sight  be  supposed  that  a  bar  of  uniform  plastic 
extensibility  ought  to  draw  out  uniformly  over  its  whole 
length,  but  beyond  a  certain  critical  point  a  uniform  extension 
is  almost  impossible.  In  order  to  illustrate  these  points  in  a 
bar  of  mild  steel  a  diagram  had  been  prepared.  The  law  of 
plastic  extension  is  determined  by  the  curve,  fixed  mathemati- 
cally the  curves  of  the  plastic  limit,  and  it  fixed  also  the  break- 
ing weight  per  square  inch  of  original  area.  In  regard  to  the 
possibilities  of  deformation  in  a  bar  of  nearly  uniform  extensi- 
bility, as  the  plastic  limit  is  approached  the  slightest  irregu- 
larity in  section  or  in  extensibility  tends  to  precipitate  the 
formation  of  a  contracted  region,  and  beyond  that  limit  the 
further  extension  of  the  bar  and  the  further  contraction  of  area 
will  be  confined  to  the  same  region.  For  stresses  below  the 
plastic  limit  the  probabilities  of  deformation  might  be  exam- 
ined by  cousideiiug  the  relative  time  rates  of  extension  at  two 
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elements  which  may  have  been  unequally  stretched,  and  at 
first  the  tendency  is  theoretically  in  favor  of  preserving  the 
cylindrical  form  of  the  bar.  But  beyond  the  plastic  limit  these 
conditions  are  reversed,  and  the  tendencies  are  all  in  favor  of 
precipitating  the  most  rapid  contraction  of  area  at  the  point 
where  any  contraction  already  exists.  Referring  to  the  yield 
point,  sudden  elongation  takes  place  at  different  stresses  in  the 
different  segments,  while  in  any  one  short  element  it  seems  to 
be  instantaneous.  If  the  yield  is  arrested  midway  and  the  bar 
examined,  it  may  be  found  that  the  elongation  has  been  com- 
pleted in  some  segments  and  not  commenced  in  others.  In 
the  discussion  which  followed,  Professor  Hele-Shaw  pointed 
out  that  certain  bronzes,  unlike  steel,  would  contract  in  sev- 
eral places  at  once." 


UNITED  STATES  CRUISER  "CINCINNATI." 


In  our  issue  for  March,  1890,  we  published  a  short  descrip- 
tion and  illustration  of  the  cruisers  Nos.  7  and  8,  which  had 
at  that  time  just  been  ordered  built  at  the  Brooklyn  and  Nor- 
folk Navy  Yards  respectively.  Since  that  time  work  on  these 
vessels  has  been  completed,  and  No.  7,  which  was  chris- 
tened the  Cincinnati,  is  now  in  commission,  and  has  had  her 
trial  trip  before  the  Board  of  Inspection. 

On  pages  442  and  443  we  publish  a  half-tone  and  line  engrav- 
ing showing  the  appearance  of  the  vessel  as  she  lay  at  the  cob 
dock  at  the  Brooklyn  Navy  Yard,  and  her  lines  and  deck 
plan.  The  vessel  has  a  displacement  of  about  3,000  tons,  is 
propelled  by  twin  screws,  and  her  speed  is  19  knots.  A  com- 
plete protective  deck  2-J  in.  thick  on  the  slopes  amidship  and  2 
in.  on  the  slopes  on  the  ends  and  1  in.  on  the  flat  covers  the 
vessel  from  stem  to  stern.  Arrangements  are  made  for  stor- 
ing patent  fuel  over  the  inclined  parts  and  above  it  at  the 
water  line.  There  is  a  coffer  dam  filled  with  woodite  running 
along  the  ship's  sides.  She  has  a  double  bottom  throughout, 
is  provided  with  electric  lights,  and  the  ventilation  is  on  the 
exhaust  system.  The  capacity  of  the  coal  bunkers  is  560  tons, 
and  with  this  supply  the  radius  of  action  at  various  speeds  will 
be  :  At  20  knots  per  hour,  1,243  knots  ;  at  18  knots,  2,213 
knots  ;  at  16  knots,  2,964  knots  ;  at  14  knots,  4,190  knots  ;  at 
12  knots,  5,925  knots  ;  at  10  knots,  8,652  knots  ;  and  at  8  knots, 
9,982  knots  ;  thus,  at  an  average  speed  of  10  knots  an  hour, 
sbc  can  be  kept  at  sea  for  36  days  without  coaling. 

The  general  dimensions  of  the  ship  are  :  Length,  300  ft.  ; 
beam,  42  ft.  ;  displacement  at  a  mean  draft  of  18  ft.,  3,100 
tous  ;  the  vessel  is  schooner  rigged,  and  has  a  military  top 
half  way  up  each  mast  ;  the  rudder  is  balanced  and  carries  out 
the  lines  of  the  after-body  of  the  ship. 

The  armament  consists  of  one  6-in.  breech  loading  rifle  mount- 
ed on  the  topgallant  forecastle  on  a  central  pivot  carriage  ;  ten 
5-in.  rapid-fire  guns  mounted  as  follows  :  One  on  each  side  of 
the  poop,  and  four  for  broadside  fire  on  each  side  of  the  spar 
deck  ;  the  forward  and  aft  guns  on  each  broadside  are  spon- 
aoned  for  bow  atid  stern  fire.  The  secondary  battery  consists 
of  fourteen  0-pounder  rapid-fire  guns,  six  1-pounder  rapid-fire 
guns  and  four  Catlings.  In  addition  to  this  the  vessel  is  fitted 
with  six  torpedo  tubes,  disposed  one  in  the  bow,  one  in  the 
stern  and  two  on  each  broadside.  The  engines  are  triple  ex- 
pansion, vertical,  inverted,  and  direct  acting,  built  rights  and 
lefts,  and  placed  in  water  tight  compartments  separated  by  a 
fore-and-aft  bulkhead.  Each  high-pressure  cylinder  is  36  in. 
in  diameter  ;  intermediate  pressure,  23  in.  ;  and  there  are  two 
low-pressure  cylinders  for  each  engine  57-in.  in  diameter.  The 
use  of  two  low-pressure  cylinders  was  not  due  to  the  fact  of 
that  being  the  approved  construction  by  the  Navy  Depart- 
ment, but  to  the  exigencies  of  space  in  the  engine  room.  The 
common  stroke  of  all  pistons  is  33  in.  The  collective  I. II  P. 
of  propelling  and  air-pump  and  circulating-pump  engines  is 
about  10,000  when  the  main  engines  are  making  164  revo- 
lutions per  minute  with  a  working  pressure  in  the  boilers 
of  160  lbs.  per  square  inch.  All  of  the  lower  cylinder  heads 
of  the  main  engines  are  steam  jacketed.  The  arrangement  of 
the  engines  is  with  the  high  pressure  cylinder  of  each  engine 
forward  and  the  low  pressure  aft  ;  the  main  valves  are  of  the 
piston  type,  worked  by  Stephenson  link  motion,  with  double- 
bar  links.  The  piston  valve  liners  and  valve  gear  is  made  in- 
terchangeable. The  arrangement  of  valves  is  such  that  there 
is  one  piston  valve  for  each  high  pressure  cylinder,  two  for 
each  intermediate-pressure  cylinder  and  two  for  each  low- 
pressure  cylinder.  The  framing  of  the  engines  consists  of 
cast-steel  inverted  Y  frames  trussed  by  wrought-steel  stays. 
The  engine  bed  plates  are  of  cast  steel  supported  on  wrought- 
steel  keelson  plates  built  in  the  vessel.  The  crank-shafts  are 
made  in  two  interchangeable  sections  and  one  long  section. 
They  are  hollow,  as  are  all  of  the  rest  of  the  shafting.     Mild 


open-hearth  steel  was  used  for  forging  the  shafts,  connecting- 
rods,  piston-rods  and  working  parts  generally. 

The  condensers  are  made  entirely  of  composition  and  sheet 
brass,  and  have  a  cooling  surface  of  about  7,000  sq.  ft.  meas- 
ured on  the  outside  of  the  tubes,  the  water  passing  through 
them.  Each  propelling  engine  is  equipped  with  a  double  ver- 
tical single-acting  air  pump  worked  by  a  vertical  compound 
engine.  The  circulating  pumps  are  of  the  centrifugal  type, 
and  there  is  one  for  each  condenser  working  independently. 
The  propellers  are  three  bladed,  and  made  of  manganese 
bronze,  rights  and  lefts.  In  each  engine-room  there  is  an 
auxiliary  condenser  of  sufficient  capacity  for  one-half  of  the 
auxiliary  machinery,  and  they  are  provided  with  compound  air 
and  circulating  pumps. 

Steam  is  furnished  by  four  double-ended  boilers  and  two 
single-ended  boilers,  that  are  used  as  auxiliaries  and  which  are 
placed  in  four  water-tight  compartments.  Two  of  the  main 
boilers  are  13  ft.  4  in.  outside  diameter  and  20  ft.  3+  in.  long  ; 
the  other  two  main  boilers  are  14  ft.  6i  in.  outside  diameter 
and  20  ft.  3|  in.  long.  The  two  auxiliary  boilers  are  11  ft.  2 
in.  outside  diameter  and  9  ft.  i  in.  long  ;  the  working  pressure 
is  160  lbs.  to  the  square  inch.  Each  of  the  main  boilers  of  13 
ft.  4  in.  in  diameter  lias  six  corrugated  furnace  flues,  made  by 
the  Continental  Iron  Works  of  Brooklyn,  N.  Y.  These  fur- 
naces have  an  internal  diameter  of  3  ft.  4  in.  ;  each  of  the 
other  main  boilers  has  six  corrugated  furnace  flues  3  ft.  8  in. 
internal  diameter,  and  each  of  the  auxiliary  boilers  has  two 
furnaces  with  an  internal  diameter  of  2  ft.  9  in. 

Measuring  on  the  outside  of  the  tubes,  the  total  heating  sur- 
face amounts  to  19,382  sq.  ft.,  the  grate  area  being  597  sq.  ft., 
which  gives  a  ratio  of  1  to  32.5.  The  main  feed  pumps  are 
located  in  each  of  the  forward  and  aft  fire-rooms,  a  smaller 
pump  being  supplied  for  each  auxiliary  boiler.  Each  of  the 
feed  pumps,  furthermore,  connects  with  a  main  feed  pipe,  and 
has  a  capacity  sufficient  to  supply  the  four  main  boilers  when 
steaming  at  full  power. 

The  forced  draft  system  in  each  fire-room  consists  of  a 
blower  which  discharges  into  a  main  air  duct  under  the  fire- 
room  floors,  from  which  a  branch  duct  leads  to  the  ash-pit  of 
each  furnace.  Means  are  provided  for  closing  the  ash-pits 
when  under  forced  draft,  and  preventing  leakage  of  gases  out 
of  the  furnace  doors  ;  the  draft  for  each  furnace  being  regu- 
lated by  means  of  dampers. 

Among  the  auxiliary  machinery  there  is  the  usual  steam  re- 
versing gear,  ash-hoist,  turning  engines,  auxiliary  pumps,  en- 
gine-room ventilating  fans,  engines  for  driving,  workshop  ma- 
chinery, distilling  apparatus,  and  such  other  auxiliary  and 
supplementary  machinery  tools  and  instruments  as  arc  usually 
required  for  vessels  of  this  class. 


AMONG  THE  SHOPS. 


THE   IIORNELLSVILLE   SHOPS. 

The  shops  of  the  New  York,  Lake  Erie  &,  Western  Railroad, 
at  Hornellsville,  N.  Y.,  like  most  of  the  other  railroad  shops 
of  the  country,  are  by  no  means  at  present  turning  out  all  the 
work  of  which  they  are  capable.  The  main  machine  shop  is 
an  iron  and  brick  building  equipped  with  modern  tools,  and 
so  arranged  with  storage  space  beneath  the  floors  that,  how- 
ever well  the  pits  for  the  repairing  of  locomotives  may  be 
filled,  that  litter  of  innumerable  pieces  that  by  some  skillful 
legerdemain  must  be  stowed  away  to  form  the  working  engine 
does  not  appear,  and  the  shop  has  that  clean  and  picked-up 
appearance  that  is  always  so  pleasing  to  the  eye  of  the  visitor. 
This  storage  space  is  an  excavation  8  ft.  wide  and  7  ft.  deep, 
fitted  with  storage  shelves  along  one  side.  At  present  all  parts 
are  raised  and  lowered  to  and  from  the  floor  by  hand  tackle, 
but  air  hoists  will  very  soon  be  substituted  for  this  laborious 
process.  A  drum  3  ft.  6  in.  in  diameter  and  18  ft.  long  is  to 
be  placed  at  the  center  of  the  storage  vault  to  act  as  a  reser- 
voir for  the  air  lifts  that  will  be  located  at  convenient  inter- 
vals along  the  floor.  The  usual  arrangement  of  pits,  of  which 
there  are  22,  on  one  side,  and  machinery  on  the  other,  with  a 
free  space  down  the  center,  is  followed  here.  The  work  of 
the  shop  consists  in  doing  the  general  repairs  for  about  225 
engines,  aud  the  light  repairs  and  furnishing  the  supplies  for 
about  150  that  run  in  daily.  Among  the  machine  tools  there 
is  a  handy  adaptation  of  an  old  shaper  that  has  been  converted 
into  a  grinder  for  guide-bars  and  other  fiat  surfaces.  The  car- 
riage is  made  to  travel,  while  the  wheel  is  carried  on  a  head 
bolted  to  the  old  simper  head.  It  is  a  home-made  tool,  in 
which  the  scrap  heap  has  been  made  to  furnish  the  material, 
that  fits  so  well  to  its  new  uses  that  it  seems  to  have  been  made 
for  it.     Another  tool  is  an  attachment  for  grinding  rocker-arm 
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hubs,  spade-handles,  and  similar  parts  that  are  more  or  less 
irregular.  One  of  the  special  tools  that  has  been  built  for  this 
shop  is  a  link-grinding  machine,  similar  in  all  important  re- 
spects to  that  illustrated  in  the  American  Engineer  and 
Railroad  Journal  for  October,  1893,  and  which  has  been  in 
use  on  this  road  for  a  dozen  years  or  more.  The  company  have 
abandoned  the  use  of  all  steam  packing  or  packing  that  is  set 
out  by  springs  in  their  pistons,  and  now  use  a  hollow  piston 
with  two  grooves  cut  in  the  external  face'into.which/cast-iron 


planer  is  fully  appreciated,  and  it  is  used  on  all  work  for  which 
it  is  at  all  available.  There  are  as  yet  no  power  hoists  over 
the  pits  ;  but  the  work  of  raising  those  parts  that  cannot  be 
located  by  hand  into  their  proper  positions  is  done  by  self-sus- 
taining hoists  hooked  into  diagonal  slings  swung  at  two  or 
more  points  over  the  pits.  At  frequent  intervals  air  pipes  are 
led  down  beside  the  roof  columns,  with  valves  for  making  at- 
tachments to  open  furnaces  that  are  \ised  for  heating  rivets  and 
work  of  a  similar  character. 


Uluf— 


PLOW   FOR   CLEARING  CINDER   PITS,  NEW  YORK,   LAKE   ERIE   AND  WESTERN  RAILROAD. 


packing  rings  are  sprung.  This  is  not  only  very  much  cheaper 
and  lighter  than  the  old  construction,  but  appears  to  be  fully 
as  effective  against  leaking.  The  rings  are  split  aud  a  piece 
cut  out,  the  two  ends  being  brought  up  against  a  pin  set  into 
the  groove  and  flattened  at  the  sides.  This  prevents  the  rings 
from  turning,  and  breaks  the  joints  of  the  split.  It  has  not 
only  given  excellent  results  in  practice,  but  has  served  to  lessen 
the  number  of  piston-ring  breakages,  for  before  the  adoption 
of  the  solid  head  there  was  a  great  deal  of  trouble  from  this 


cause.  While  referring  to  the  home-made  tools,  allusion  must 
be  made  to  the  arrangement  for  grinding  joints  in  stand,  dry 
and  steam  pipes.  It  is  nothing  but  an  old  drill  press  with  a 
swinging  frame  added,  by  which  the  collar  to  be  ground  can 
be  rotated  and  moved  over  the  end  of  the  pipe  to  which  it  is 
to  fit.  It  has  a  universal  motion,  and  does  its  work  so  easily 
and  rapidly  that  it  must  divide  the  expense  of  making  such 
joints  by  hand  by  from  five  to  seven. 
The  value  of  the  milling  machine  as  a  competitor  of  the 


Opening  off  the  main  machine  shop  is  the  paint  shop,  which 
has  a  tank  or  store  closet  that  is  worthy  of  imitation.  It  is 
purely  for  protection  against  fire  and  those  persons  who  are 
prone  to  help  themselves  to  the  property  of  other  people.  It 
consists  of  a  plate-iron  room  about  7  ft.  high,  8  ft.  wide  and 
12  ft.  long.  It  is  ventilated  at  the  top,  but  the  ventilator  is  so 
protected  that  it  is  impossible  for  maliciousness  or  carelessness 
to  get  fire  into  the  place  by  that  opening  ;  aud  the  entrance  is 


closed  by  a  plate-iron  door  that  is  locked  at  night.  All  paints 
and  oils  are  stored  in  this  vault  at  night,  and  the  oil  and  var- 
nish tanks  are  built  in  permanently,  so  that  all  danger  from 
fire  is  removed. 

The  power  house  is  equipped  with  six  locomotive  boilers,  a 
Corliss  engine  with  a  17  in.  X  48  in.  cylinder.  This  engine 
drives  all  of  the  machinery  of  the  machine  and  wood-working 
shops.  There  is  also  a  smaller  slide-valve  engine  driving  three 
10-light  dynamos. 
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Among  the  buildings  connected  with  the  shops  is  the  oil 
house,  which  is  provided  with  un  air  lift  very  similar  to  that 
illustrated  in  our  issue  for  August,  us  in  use  by  the  West  Shore 
Railroad,  for  forcing  the  oil  from  the  barrels  in  which  it  is  de- 
livered to  the  storage  tanks.  The  dope  used  for  packing  oil 
boxes  is  prepared  here  in  a  large  tank,  of  which  we  give  a  sec- 
tional engraving.  The  waste  is  dumped  into  one  of  the  com- 
partments marked  "  soaking,"  and  after  being  covered  with 
oil  is  allowed  to  soak  for  a  couple  of  weeks.    It  is  then  ready 


TOOL  HOLDER  FOR  SLOTTER. 

for  use,  and  a  quantity  is  always  kept  in  the  draining  screens 
for  immediate  delivery.  In  the  bone  yard  there  is  a  narrow 
gauge  track  of  2  ft.  gauge  running  down  between  the  two 
lines  of  cripple  tracks.  On  this  track  there  is  used  about  the 
simplest  type  of  railroad  car  with  which  we  are  familiar.  It 
consists  of  two  pairs  of  small  wheels  and  axles  upon  which  a 
plank  is  hung,  It  can  be  dismantled  by  one 
man  and  lifted  out  of  the  way  of  the  regular 
lorrey,  which  bears  about  the  same  relationship 
to  it  that  the  vestibule  limited  does  to  the  gravel 
train  on  the  main  line. 

Among  the  labor-saving  arrangements  is  one 
which  we  illustrate  by  the  reproduction  of  a 
photograph.  There  is  no  drawing  of  Jl  in  ex- 
istence, but  it  is  simply  a  contrivance,,that  has 
been  devised  by  Mr.  C.  P.  Weiss,  the  Master 
Mechanic  in  charge  of  the  shops,  to  remove  the 
ashes  from  the  elevated  ash-pit  where  the  loco- 
motives are  dumped.  As  will  be  seen,  it  con- 
sists of  a  four-wheeled  car  that  is  heavily  bal- 
lasted to  keep  it  upon  the  rails,  to  which  is 
hung  a  plow  that  can  be  raised  or  lowered  ac- 
cording to  the  level  of  the  ashes  below  the 
rails.  Two  pieces  of  railroad  iron  are  run  out 
from  either  side  of  the  car,  and  to  a  cross-bar 
fastened  to  their  outer  ends  the  supporting  bars 
are  fastened.  These  latter  are  notched,  as 
shown,  to  carry  the  weight,  while  the  nose  of 
the  plow  is  raised  by  winding  the  chain  on  the 
rod  shown  at  the  right.  The  heel  is  hinged  to 
the  end  sill  by  two  heavy  hinges,  as  shown, 
and  it  is  thoroughly  braced  at  the  back.  The 
materials  from  which  this  particular  plow  was 
constructed  were  unearthed  from  the  scrap  heap, 
so  that  the  old  boiler  plates  do  not  present  as 
fine  an  appearance  as  though  new  material  had 
been  used.  Hut  the  proof  of  the  pudding  is  in 
the  eating  thereof  ;  and  as  this  machine  will 
scoop  15  carloads  of  cinders  out  of  the  pit  in 
15  minutes,  it  may  be  taken  to  be  doing  fairly  efficient  work 
— at  least  as  compared  with  hand  labor. 

AT    SISijI'KIIANNA,  I'A. 

The  shops  at  Susquehanna,  Pa.,  are  the  headquarters  for  the 

great  bulk  of  the  locomotive  work  that  is  done  on  the  New 
York,  Lake  Erie  it  Western  Railroad.  The  shops  are  large, 
and  the  conveniences  for  first-class  work  are  such  that  it  can 
be  done.  The  location  is  very  similar  to  that  of  the  Lehigh 
Valley  shops  at  South  Eastoa.'Pa.  The  buildings  stand  close 
against  an  abrupt  hill,  while  on  the  other  side  is  the  main  line 
of  railway  running  along  the  banks  of  the  river.  It  is  here 
that  the  main  construction  and  repair  shops  of  the  road  for 
locomotive  work  are  located,  no  car  work  being  done.  A 
peculiarity  in  the  arrangement  of  the  shops  is  the  location  of 
the  transfer  table  for  the  pits  beneath  the  roof  of  the  main 


building.  Ordinarily  it  is  not  considered  necessary  that'this 
appliance  should  be  housed  in,  but  the  necessity  of  placing  it 
close  under  the  bank  that  rises  next  the  shop  probably  Influ- 
enced the  builders.  At  any  rate,  there  it  is.  It  is  hauled  to 
and  fro  by  an  independent  locomotive  with  a  very  broad  gauge. 
This  locomotive  is  also  used  to  haul  the  engines  on  and  off  the 
table  by  means  of  a  rope  and  snatch  blocks.  When  idle  it 
stands  at  one  end  of  the  shop  with  its  stack  beneath  a  tele- 
scope outlet,  so  as  to  avoid  the  discharge  of  smoke  and  gas 
into  the  building  to  as  great  an  extent  as  pos- 
sible. 

There  are  26  pits,  one  of  which  is  strad- 
dled by  a  gallows  frame  used  for  the  placing 
of  boilers  in  their  frames,  and  another  is  ar- 
ranged with  a  screw  drop  table  for  removing 
driving-wheels.  One  space  that  might  iiave 
been  utilized  for  a  pit  is  occupied  with  a  lye 
tank  for  cleansing  the  greasy  portions  of  lo- 
comotives that  are  brought  in  for  repairs.  In 
reviewing  these  shops  it  is  unnecessary  and 
would  be  uninteresting  to  our  readers  to  re- 
capitulate the  tools  in  use  ;  but  those  features 
of  the  shop  which  attract  attention  are  the 
ones  that  mark  the  individual  skill  and  adap- 
tiveness  of  the  men  in  charge. 

Among  other  things,  there  is  a  joint  grinder 
for  dry  pipes  and  other  parts  that  lias,  per- 
haps, a  wider  range  than  the  one  noted  in  the 
Hornellsville  shops.  Like  it,  however,  it  is 
built  of  old  pieces  of  drill  presses  and  odd 
castings  that  have  been  discarded  from  other 
machines,  but  which  could  be  readily  adapted 
and  fitted  for  this  particular  piece  of  work.  It  is  prob- 
able that  there  are  some  machines  on  the  market  which 
are  especially  designed  for  doing  just  this  class  of  work,  but 
if  there  are^we  do  not  recall  them  just  at  present,  and  the  skill 
which  has  been  used  in  arranging  these  two  tools  is  certainly 
worthy  of  imitation  by  other  master  mechanics.     There  are 


W7777777777777777777777777777777777777777fiV7777777777777777777777777777777nrt77777 
CLOSED  HEATING  FTJRNACE. 

also  a  number  of  small  engines  on  trucks  (most  of  them  hav- 
ing been  rebuilt  out  of  old  pumps),  which  can  be  moved  about 
the  shops  and  located  at  points  convenient  for  doing  such 
small  work  as  drilling,  reaming  and  tapping  ;  there  is  a  line 
of  steam  pipe  running  down  the  shop  with  valve  connections 
at  frequent  intervals.  By  means  of  these  connections  and  a 
hose  steam  is  carried  to  the  engines,  and  they  in  turn  are 
arranged  to  do  the  work  by  means  of  a  Stowe  flexible  shaft 
or  a  rope  drive,  as  the  case  may  require.  These  Stowe  shafts 
are  kept  in  the  storehouse  in  sufficient  quantities,  so  that  they 
are  always  available  for  work  of  this  character. 

It  is  the  intention  to  put  an  air  compressor  in  the  shop,  to 
supply  the  compressed  air,  which  is  now  delivered  by  two 
Westinghouse  pumps  in  the  tool-room.  It  has  not  yet  been 
decided  whether  compressed  air  will  be  run  into  the  steam 
pipes  to  take  the  place  of  steam  in  driving  the  small  engines 
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or  not.  The  reason  for  doing  it  will  be  that  the  exhaust  from 
an  air-driven  engine  is  not  as  disagreeable  as  a  steam  engine, 
besides  serving  to  partially  cool  the  air  in  hot  weather. 

Down  at  one  end  of  the  shop  there  is  a  shaper  arranged  for 
testing  stay  bolts  by  a  bending  stress,  which  imitates  as  nearly 
as  possible  the  stress  to  which  the  stay  bolts  are  subjected  by 
the  unequal  expansion  and  contraction  of  the  inner  and  outer 
shells  of  the  fire-box.  The  two  ends  of  the  bolts  are  screwed 
into  bars  threaded  to  receive  them,  and  while  one  is  held  on 
the  platen  of  the  shaper  the  other  is  held  in  the  head  and 
given  a  reciprocating  motion  of  }  in.  Experiments  of  this 
kind  have  been  in  progress  for  some  time  to  determine  the 
relative  durability  of  various  metals  when  subjected  to  these 
stresses,  but  the  work  has 
not  yet  been  carried  far 
enough  to  give  any  definite 
results. 

Among  the  novelties  at 
Susquehanna  is  a  small  can- 
non for  blowing  out  rusty 
bolts.  It  frequently  hap- 
pens that  driven  bolts  rust 
in  their  places  so  securely 
that  they  cannot  be  pulled 
out,  and  their  situation  is 
such  that  a  blow  cannot 
be  delivered  upon  them. 
Caught  in  just  such  cir- 
cumstances as  this,  a  fore- 
man conceived  the  idea  of 
using  gunpowder  to  do  the 
business.  Accordingly  a 
piece  of  car  axle  about  1 
ft.  or  14  in.  long  was  taken, 
turned  off,  and  bored  out 
to  a  diameter  of  about  2  in. 
until  within  2  in.  of  one 
end.  A  touch-hole  at  the 
breech  and  a  vent-hole  near 
the  muzzle  completed  the 
weapon.  The  projectile  is 
a  plug  slipping  easily  into 
the  hole,  flat  at  one  end 
and  rounded  off  at  the  other 
where  it  strikes  the  blow. 
With  a  light  charge  of 
powder  this  plug  is  blown 
against  the  refractory  bolt 
with  force  sufficient  to  car- 
ry it  before  it,  in  one  case 
carrying  a  footplate  bolt 
through  the  cab  and  roof  of 
the  shop  ;  but  it  has  never 
failed  to  start  the  object  it 
was  fired  at.  It  is  a  simple 
thing,  and  so  cheap  that 
the  first  shot  will  probably 
save  enough  to  pay  for  the 
making. 

A  combination  of  a 
planer  head  and  some  addi- 
tions has  been  evolved  into 
a  convenient  little  machine 
for  milling  out  the  ports  of 
cylinders.  A  heavy  cast- 
ing and  an  arbor  will  soon 
be  placed  on  the  frame  slotting  machine,  changing  it  into 
a  heavy  milling  tool,  with  which  the  backs  and  large  flat  sur- 
faces about  the  frames  can  be  milled  instead  of  being  slotted 
or  planed,  thus  greatly  increasing  the  capacity  of  the  tool. 

It  will  be  remembered  that  at  one  of  the  meetings  of  the 
New  York  Railroad  Club  last  season  the  subject  of  taking  up 
side  play  of  locomotive  driving-wheels  was  under  discussion. 
The  practice  on  the  New  York,  Lake  Erie  &  Western  Railroad 
is  to  drill  holes  about  2i  in.  in  diameter  in  the  face  of  the 
driving  boxes  and  fill  them  with  projecting  blocks  of  babbitt 
metal,  which  bear  against  the  face  of  the  driver  and  thus  take 
up  the  wear.  This  method  is  giving  exceptionally  good  re- 
sults, and  is  cheaper  in  application  than  almost  anything  else 
which  we  have  seen.  Babbitt  is  also  used  for  tilling  out  rocker 
boxes,  thus  avoiding  the  necessity  of  supplying  new  boxes  for 
those  whose  journals  have  become  somewhat  worn. 

Another  arrangement  of  tools  foreign  to  their  original  pur- 
pose is  that  of  a  planer  adapted  for  grinding  guides,  the  cross 
feed  having  been  modified  so  that  the  .wheel  is  moved  at  each 
end  of  the  stroke,  the  latter  being  carried  on  the  cross  rail  and 
driven  by  a  belt  from  overhead.     Among  the  interesting  tools 


which  have  been  developed  in  the  shop  we  publish  illustrations 
of  a  few,  the  drawings  of  which  have  been  kindly  furnished 
us  by  the  mechanical  department  ;  among  these  is  a 

SLOTTEB   BAR. 

This  slotter  bar  is  in  reality  a  tool  holder  for  a  slotter,  and 
is  so  arranged  that  the  tool  drops  back  and  clears  the  work 
after  the  manner  of  a  planer  tool.  The  upper  part  of  the  bar 
is  3^  in.  in  diameter  and  tits  into  the  head  of  the  slotter  ;  this 
is  bored  out  from  below  to  a  diameter  of  2  in.,  a3  shown,  and 
into  this  the  tool  holder  is  fitted,  being  provided  with  grooves, 
shown  by  the  dotted  lines,  into  which  set  screws  are  run  in 
order  to  hold  the  bar  in  position.     At  the  lower  end  the  bar  is 


PUMP  AND  TANK  FOR  FILLING  OILERS 


slotted  out  to  take  the  tool  holder  itself,  which  is  pivoted  on 
a  ff-in.  pin  at  tne  point  shown.  A  i-in.  spiral  spring  is  set 
over  the  lip  of  this  tool  holder,  and  as  it  moves  upward  and  is 
dragged  down  this  spring  is  compressed  and  allows  it  to  drop 
away  from  the  work,  while  on  the  downward  thrust  when 
cutting  the  strain  is  taken  by  the  long  arm  extending  up  a 
distance  of  3f  in.  above  the  bottom  of  the  spring. 

CLOSED   HEATING   FCRNACE. 

About  midway  down  the  shop  stands  a  double-ended  heat- 
ing furnace  for  the  use  of  the  tool  dresser,  who  dresses  all  the 
tools  for  the  lathes  and  planers  which  are  used  in  the  machine 
shop.  The  furnace  is  entirely  encased  in  iron,  and  occupies  a 
floor  space  of  6  ft.  X  -1  ft.,  standing  4  ft.  6  in.  high.  The 
corners  are  bound  and  strengthened  by  angle-iron  and  the  in- 
terior is  thoroughly  protected  by  fire  brick  put  up  in  the  way 
indicated  in  the  engraving.  A  furnace  thus  constructed  is  not 
only  very  convenient  for  the  man  who  is  working  it,  but  is 
very  neat  in  the  shop,  making  absolutely  no  smoke  and  no 
dirt  that  is  visible,  the  smoke  and  gases  being  carried  off  in  a 
tight  closed  stack. 
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a  rr>n>  for  filling  oiler*. 
Every  fort-man  of  a  machine  shop  is  well  aware  of  the  diffi- 
culties ami  waste  which  attend  the  filling  of  the  oilers  that  are 
used  about  the  machines.  It  is  impossible  to  drill  the  ordinary 
man  so  that  he  will  be  as  careful  about  the  oil  and  supplies 
that  are  furnished  him  by  the  company  for  whom  he  is  work- 
ing as  he  would  be  if  these  supplies  were  paid  for  out  of  his 
own  pocket.  In  filling  the  oilers,  where  men  are  allowed  to 
do  it  for  themselves,  it  is  almost  invariably  the  case  that  about 
as  much  oil  is  spilled  over  the  outside,  on  the  hands  and  floor, 
as  is  put  into  the  oiler  itself.  At  the  same  time,  where  men 
are  using  their  oilers  to  any  great  extent,  the  time  required  to 
get  it  from-the  oil-room  is  so  great  that  the  waste  would  proba- 
bly be  cheaper  than  the  time.     In  order  to  overcome  this 
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TO  MAIN   RESEBVOIB 


HOSE  TESTING  MACHINE.  NEW  .TORE,   LAKE  ERIE  &  WESTERN   RAILROAD 

trouble,  a  tank  with  a  pump  attached  has  been  designed,  and 
several  of  them  are  located  at  different  points  about  the  shops 
at  Susquehanna.  The  pump  is  of  such  a  capacity  that  by 
pressing  the  handle  down  once  sufficient  oil  will  be  discharged 
from  the  nozzle  to  just  fill  the  oiler  ;  and  as  these  oilers  are 
seldom  taken  to  be  filled  until  they  are  entirely  empty,  very 
little  oil  is  wasted,  and  whatever  overflow  there  is  runs  down 
through  the  strainer  and  back  into  the  tank.  A  padlock  and 
hasp,  shown  at  the  upper  left-hand  corner  of  the  section,  serves 
to  keep  the  tank  free  from  the  meddling  of  those  who  would 
be  apt  to  purloin  the  oil  or  drop  dirt  in  the  can.  The  con- 
struction U  very  clearly  shown  on  our  engraving.  The  pump 
proper  consists  of  a  piston  without  valves.  It  is  raised  to  its 
upper  position  by  means  of  a  coil  spring  acting  under  the 
stem.  A  strainer  is  placed  at  the  bottom  of  the  cylinder  with 
a  wing  valve  above  it.  When  the  piston  is  pushed  down  the 
oil  contained  in  the  cylinder  flows  out  at  the  bottom  and 
through  a  chamber  to  which  admission  is  gained  through  the 
winged  valve  shown  at  the  bottom,  and  which  is  protected  by 
a  cage  ;  these  valves  form  the  delivery  valves  of  the  discharge. 


The  whole  apparatus  is  so  simple  and  'its  construction  so 
clearly  shown  in  our  engraving  that  further  comment  ap- 
pearsunnecessary,  and  it  is  shown  as  a  suggestion  to  others 
who  wish  to  economize  their  oil  and  at  the  same  time  have  a 
neat  and  handy  apparatus  by  means  of  which  to  accomplish 
this  end. 

HOSE    TESTING    MACIIINE. 

When  Mr.  A.  E.  Mitchell,  now  Superintendent  of  Motive- 
Power  of  the  road,  was  Mechanical  Engineer  at  the  Susque- 
hanna shops,  it  became  necessary  to  make  some  tests  of  air 
hose  for  results  beyond  those  usually  attained  by  the  bursting 
pressures.  Upon  observation  of  the  hose  in  actual  use  it  was 
noted  that  defective  hose  did  not  arise  so  much  from  the  fact 
that  the  hose  was  burst  by  an  excessive  air  pressure  as  that  it 

would  wear  at  those  points 
where  it  comes  in  contact 
with  the  other  hose  forming 
the  connections  between  the 
cars.  It  occurred  to  him, 
then,  that  a  valuable  test 
for  hose  would  be  the  cha- 
fing test,  in  which  one  piece 
of  hose  was  rubbed  over  an- 
other until  the  one  rubbed 
gives  out,  the  two  being 
kept  under  air  pressure 
during  the  process. 

With  this  end  in  view,  he 
designed  a   little  machine, 
shown  in  the  accompanying 
engraving.     The  hose  to  be 
tested  is  capped  and  held 
in  a  yoke  in   the   position 
shown,     while    the    hose 
which  is  to  act  as  a  chafing 
hose  is  hung  from  a  chain 
at  one  end  and  connected  to 
the  crank  of  a  wheel  driven 
by  belt  power.     This  cha- 
fing hose  is  always  of  one 
and  the  same  make,  so  that 
no  unfairness  can  arise  in 
the  test  from  one  chafing 
hose  having  a  greater  cut- 
ting  power  than  another. 
It  will  be  seen  that  the  hose 
to  be  tested  is  subjected  to 
the  rubbing  of  the  test  hose 
at  one  spot,  while  the  latter 
takes    the   bearing  over  a 
length  of  about  12  in.,  or 
equivalent  to  the  diameter 
through  which  the  crank- 
pin    moves.     As  we    have 
already  said,  both  pieces  of 
hose  are  under  air  pressure  ; 
and  when  they  are  coupled 
the  machine  is  started  and 
run  at  a  speed  of  65  revo- 
lutions per  minute.     .The 
results    which    have    been 
obtained   from   these   tests 
are  such  that  it  has  been 
decided  that  a  piece  of  hose 
must    stand    this    rubbing 
test,  before  acceptance,  for 
at  least  six  hours,  as  this 
is  about  the  average  duration  of  samples  which   have   been 
submitted    for    approval,    although    some    specimens    have 
failed    in   an   hour  and  a  half,  while  others  have  endured 
for  nearly  30  hours.     A  marked  instance  of   the  value  of 
this  test  was  given  shortly  after  the  apparatus  was  erected. 
A  certain   hose    manufacturer  was  unable  to  get  his  hose 
accepted,    and  objected  strenuously  to   the  validity  of    the 
test   on   the  ground  of  general  unfairness  and  inability  to 
detect  cheap  from  well-made  hose.     In  order  to  satisfy  him, 
he  was  invited  to  submit  five  samples  of  hose  marked  with  let- 
ters, the  key  of  the  prices  to  remain  in  his  own  hands  and  those 
of  the  purchasing  agent  of  the  railroad,  without  anything 
being  known  as  to  the  value  of  the  hose  at  the  shops  ;  tbey 
were  subjected  to  this  test,  and  as  a  result  the  cheapest  hose 
gave  out  in  the  shortest  space  of  time,  and  this  was  followed 
by  the  second  best,  and  so  on  up  to  the  best  and  most  expen- 
sive, which  endured  the  chafing  for  the   greatest  length  of 
time.     Samples  of  all  lots  of  hose  received  by  the  company 
are  now  subjected  to  this  test,  and  it  is  considered  to  be  the 
most  valuable  one  that  has  as  yet  been  devised. 
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ECONOMY  OF  DRIVING  MILLS  AND  FACTORIES 
BY  ELECTRICITY. 


A  correspondent  in  a  recent  issue  of  Indian  Enyineering 
calls  attention  to  the  interest  which  exists  in  the  use  of  elec- 
tricity for  driving  individual  machines  of  large  factories, 
and  states  that  the  day  is  not  far  distant  when  electricity  will 
become  a  successful  rival  of  the  old-fashioned  manner  of  dis- 
tributing power  by  shafting,  gearing,  cotton  ropes  and  leather 
belting.  The  great  losses  that  occur  and  are  unavoidably  pres- 
ent in  the  last-named  systems  are  so  important  that  it  becomes 
a  matter  of  serious  interest  to  those  concerned  to  take  note  of 
the  constantly  increasing  application  of  electricity  to  such 
purposes,  the  use  of  which  tends  so  materially  to  diminish 
the  working  expenses. 

•  "Having  chosen  the  above  title  for  our  letter,  and  the  subject 
being  one  that  we  have  specially  studied,  we  venture  to  think 
that  a  few  remarks  pointing  out  the  chief  advantages  against 
the  existing  disadvantages  of  the  older  method  will  be  accept- 
able to  many  of  your  numerous  readers. 

Such  extremely  satisfactory  results  have  attended  electrical 
driving  in  England  and  on  the  Continent,  that  doubtless  many 
changes  to  this  method  of  transmission  of  power  will  soon  be 
made  in  India. 

"  One  great  inherent  advantage  in  using  electricity  is  that  the 
distributing  agent — viz.,  the  cables — conveys  the  power  prac- 
tically without  loss  and  only  in  strict  proportion  to  the  de- 
mand, while  in  the  case  of  mechanical  transmission  by  shaft- 
ing, etc.,  the  loss  by  friction  is  considerable,  being  practically 
a  constant  quantity,  whether  full,  partial,  or  light  work  is 
being  done— in  many  cases  amounting  from  20  to  40  per  cent, 
of  the  power  available. 

The  longer  the  distance  of  transmission  and  the  less  the  load, 
the  greater  is  the  proportion  of  loss,  and  in  many  cases  this 
becomes  a  most  important  matter.  Moreover,  there  is  always 
a  considerable  dead  weight  to  be  rotated,  the  total  shafting, 
gearing,  and  pulleys  weighing  in  some  cases  hundreds  of  tons, 
entailing  extra  strength  and  cost  in  structural  arrangements  to 
withstand  the  strain. 

From  the  intermittent  character  of  the  work  carried  out  in 
factories  and  workshops,  it  is  well  known  that  frequently  only 
a  very  small  part  of  the  power  produced  b}-  the  engine  is  actu- 
ally converted  into  useful  work  at  the  machines. 

In  the  present  systems  of  mechanical  d  ri  ving,  a  single  accident 
to  the  main  driving-belt,  shaft,  or  gears  brings  the  whole  estab- 
lishment to  rest  ;  to  obviate  this  is  one  of  the  chief  advantages 
of  electric  transmission.  A  further  objection  to  the  old  system 
is  the  almost  insurmountable  difficulties  of  economical  exten- 
sion :  for  instance,  to  increase  a  500-H.P.  plant  to  one  of,  say, 
700  H.P.  or  800  H.P.  would  need  the  almost  complete  substi- 
tution of  new  and  heavier  shafting,  etc.,  and  great  increase  in 
the  dead  load  on  the  structure  generally,  while  with  an  elec- 
trical installation  little  or  no  radical  alteration  is  required. 

In  the  advocated  new  system  of  driving,  outside  the  engines 
or  prime  movers  (which  are  neglected  as  being  common  to 
both  systems),  all  the  shaftings,  gears,  belts,  bearings,  etc.,  are 
replaced  by  simple  fixed  conductors  of  very  small  weight  and 
by  separate  motors  to  each  machine  or  tool  ;  where,  however, 
the  power  required  does  not  warrant  this,  a  separate  motor  is 
used  to  drive  a  group  of  machines  from  a  short  line  of  light 
shafting. 

These  shafts  ot  groups  of  machines  can  be  placed  in  any 
position  found  most  convenient  for  working  regardless  of 
their  neighbor. 

The  nature  of  electrical  generation  and  dynamo  working  is 
such  that  only  sufficient  amount  of  current  required  to  do  the 
work  in  is  used,  so  its  economy  is  at  once  obvious. 

In  factories,  where  the  machinery  is  working  intermittently 
and  liable  to  great  fluctuation,  the  economy  of  working  is  even 
more  marked,  as  the  electric  current  can  be  switched  on  or  off 
with  the  greatest  ease  and  rapidity,  after  which  crossed  belts 
and  fast  and  loose  pulleys  appear  a  heavy  and  clumsy,  not  to 
say  unscientific,  method  of  utilizing  power.. 

In  electrical  transmission  80  per  cent,  of  the  power  generated 
by  the  engine  is  usefully  employed  in  the  machines,  and  where 
each  machine  can  have  its  own  motor,  a  unique  and  highly 
economical  method  of  using  power  is  obtained. 

It  is  hardly  necessary  to  point  out  that  no  hard  or  fast  law 
can  be  laid  down  ;  each  case  must  be  individually  considered 
and  that  system  adopted  which  gives  the  best  results. 

For  old  and  existing  works  probably  the  cost  of  conversion 
would  seldom  be  warranted,  but  for  new  factories  or  renova- 
tions without  doubt  the  question  of  driving  should  be  most 
seriously  considered. 

In  these  days  of  fierce  competition  and  when  profits  are  re- 
duced to  their  lowest  ebb,  the  careful  study  of  every  possible 


means  of  economical  working  is  of  vital  importance  to  the 
manufacturers. 

The  use  of  electricity  for  driving  all  kinds  of  hoisting  ma- 
chinery is  extremely  satisfactory  and  more  economical  ;  it  is 
easily  and  instantly  controlled,  and  allows  the  driver  to  con- 
centrate the  whole  of  his  attention  to  the  work  being  handled. 

For  heavy  machinery,  such  as  exists  in  sugar  works,  elec- 
tric driving  would,  without  doubt,  be  very  advantageous  in 
effecting  economy  and  give  great  convenience  in  working,  and 
the  facility  with  which  electric  lighting  could  be  adopted  is 
also  an  incidental  but  important  advantage  to  be  derived  from 
its  use. 

Lastly,  this  system  for  motive  power  purposes  lends  itself 
most  admirably  to  the  subdivision  of  the  motive  power  engines 
and  dynamos  into  several  units,  the  consequence  being  that  by 
this  multiplication  the  chances  of  total  or  even  serious  break- 
down are  rendered  impossible. 

Before  concluding  we  should  mention  that,  where  factories 
and  mills,  etc.,  are  within  a  reasonable  distance — say  10  miles 
of  waterfalls,  reservoirs,  or  mountain  streams,  when  water  can 
be  relied  upon,  the  motive  power  could  be  obtained  from  them 
with  advantage  by  generating  current  at  the  site  and  distribut- 
ing it  to  the  works  by  the  high-tension  system. 


CONTRIBUTIONS    TO     PRACTICAL     RAILROAD 
INFORMATION. 


Chemistry  Applied  to  Railroads. 


SECOND   SERIES.— CHEMICAL  METHODS. 


X.— METHOD   OF    DETERMINING   COPPER   AND 
LEAD   IN   PHOSPHOR-BRONZE. 


By  C.  B.  Dudley,   Chemist,  and  F.  N.  Pease,  Assistant 
Chemist,  op  the  Pennsylvania  Railroad. 

(Copyright,  1891,  by  C.  B.  Dndley  and  F.  N.  Pease.) 
(Continued  from  page  373.) 


OPERATION. 

Have  ready  the  electrical  arrangements  described  below,  or 
the  equivalent  of  these.  Pour  the  solution  of  copper  and  lead 
salts  obtained  after  the  tin  has  been  separated,  as  described  in 
the  Method  of  Determining  Tin  in  Phosphor-Bronze,  into  a 
suitable  beaker  or  electrolyzing  jar,  and  dilute  with  distilled 
water  to  about  200  c.c.  Attach  the  zinc  pole  of  the  battery, 
or  its  equivalent  if  other  source  of  electricity  is  used,  to  the 
smaller  central  electrode,  which  has  been  previously  carefully 
cleaned,  dried  and  weighed,  and  the  other  pole  of  the  battery 
or  source  of  electricity  to  the  other  electrode,  which  has  like- 
wise been  carefully  cleaned,  dried  and  weighed.  Allow  a  cur- 
rent of  from  0.05  to  0.10  of  an  ampere  to  pass  from  12  to  24 
hours.  When  it  is  deemed  that  the  current  has  passed  long 
enough,  add  a  little  water  from  the  wash  bottle,  taking  care 
not  to  direct  the  stream  against  the  pole  holding  the  lead, 
until  the  level  of  the  liquid  is  raised  a  fourth  or  half  an 
inch.  Allow  the  current  to  pass  one  or  two  hours  longer,  and 
if  the  bright  stem  of  the  copper  pole  around  which  the  liquid 
has  been  raised  by  the  addition  of  the  water,  does  not  show 
any  deposit  of  copper,  it  is  safe  to  assume  that  all  but  a  slight 
trace  of  the  copper  has  been  removed  from  the  solution.  The 
lead  is  much  smaller  in  amount,  and  comes  out  more  readily, 
and  is  usually  all  deposited  long  before  the  copper.  If  the 
stem  of  the  copper  pole  shows  copper  when  treated  as  above, 
continue  the  current  some  time  longer,  and  then  repeat  the 
test  until  the  stem  remains  clean  after  the  current  has  passed 
at  least  an  hour  subsequent  to  the  last  addition  of  water.  The 
copper  being  satisfactorily  deposited,  syphon  off  the  liquid 
nearly  to  the  bottom  of  the  electrodes,  add  distilled  water  and 
syphon  again  until  about  800  c.c.  of  water  have  been  passed 
through  the  electrolyzing  jar  or  beaker.  The  current  should  be 
allowed  to  pass  during  all  the  time  of  the  removal  of  the  acid, 
and  the  washing.  The  syphoning  is  perhaps  best  managed  as 
follows  :  Have  a  small  glass  syphon  with  a  couple  of  inches 
of  soft  rubber  tube  attached  to  the  longer  les.  Fill  the  syphon 
with  distilled  water,  piuch  the  rubber  tube  shut,  and  insert 
the  shorter  leg  inside  the  copper  electrode  to  very  nearly  the 
bottom  of  the-ile'ctrolyzing  jar  or  beaker  and  start  the  syphon. 
When  the  level  of  the  liquid  has  very  nearly  reached  the  bot- 
tom of  the  electrodes,  close  the  rubber  tube  again  by  pinch- 
ing, add  distilled  water  by  pouring  it  inside  the  copper  elec- 
trode unty  the  electrolyzing  jar  or  beaker  is  nearly  full  again, 
then  syphon  off  as  before,  repealing  the  operation  until  the 
required  amount  of  wash  water  has  been  added.     At  the  last 
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draw  Hie  liquid  down  so  as  to 
break  the  circuit.  Now  lower 
the  electrolyzing  jar  or  beaker, 
removo  the  electrode  containing 
the  lead  carefully,  dip  it  once 
in  a  small  beaker  containing 
enough  distilled  water  to  cover 
the  cylinder,  place  it.  vertically 
on  a  clean  watch  glass,  set  in  a 
warm  place  for  half  an  hour  to 
dry,  and  then  put  in  the  desicca- 
tor ;  allow  to  cool  and  weigh. 
Remove  now  the  copper  elec- 
trode, dip  once  in  distilled  water 
and  then  into  a  beaker  containing 
enough  alcohol  to  cover  the  cyl- 
inder. Burn  off  the  alcohol  ie- 
maining,  cool  in  the  desiccator 
and  weigh. 

If  it  is  desired  to  determine  the 
zinc  and  iron  which  may  be 
present  in  the  phosphor-bronze, 
they  will  be  found  in  the  elec- 
trolyzing jar  or  beaker  and  in 
the  liquid  syphoned  off  from  this. 

APPARATUS  AND  REAGENTS. 

A  small  beaker  about  2|  in.  in 
diameter  at  the  bottom  and  3J 
in.  high  can  be  used  for  the  elec- 
trolysis ;  but  a  jar  made  for  the 
purpose,  shown  in  the  cut  rig.  1, 
of  the  dimensions  given  above, 
and  about  2J  in.  in  diameter  at 
the  top,  avoids  the  flange  and 
lip  of  the  beaker,  which  are  apt 
to  be  in  the  way. 

The  lead  electrode  shown  in 
fig.  2  is  a  cylinder  of  platinum 
foil  open  at  both  ends,  11  in. 
high  and  2  in.  in  diameter.  The 
wire  support  is  ^  in.  in  diam- 
eter, and  is  riveted  to  the  cylin- 
der. It  has  an  offset  to  adapt 
it  to  the  binding  posts  of  the 
electrical  arrangement.  The 
wire  projects  about  3  in.  above 
the  cylinder.  This  electrode 
weighs  15  to  18  grams. 

The  copper  electrode  shown  in 
fig.  3  is  likewise  a  cylinder  of 
platinum  foil  open  at  both  ends, 
1  ,  in,  in  diameter,  and  same 
height  as  the  lead  electrode.  The 
wire  support  is  same  size  wire, 
projects  same  distance  above  the 
cylinder,  and  is  likewise  riveted 
to  it.  The  copper  electrode 
weighs  about  12  grams. 

The  supports  for  holding  the 
electrolyzing  jars  during  elec- 
trolysis are  shown  in  fig.  4.  The 
material,  except  the  set  screws 
and  binding  posts,  is  wood.  The 
length  of  the  base  is  2  ft.  and  the 
width  6  in.  That  part  of  the 
support  for  the  electrolyzing  jar 
which  has  the  set  screw  is  2  in. 
in  diameter  and  34  in.  high.  The 
movable  part  of  the  support  for 
the  electrolyzing  jar  is  3  in.  in 
diameter  at  the  top,  and  the  stem 
is  5$  in.  long.  The  distance  from 
the  top  of  the  base  to  the  bottom 
of  the  support  for  binding  posts 
is  11  in.  The  support  for  the 
binding  posts  is  1  in.  thick  and  2 
in.  wide,  and  the  binding  posts 
are  so  arranged  as  to  support  the 
electrodes  symmetrically  in  the 
electrolyzing  jar.  The  loose 
ends  of  the  wires  in  fig.  4  con- 
nect with  the  loose  ends  of  the 
wires  in  fig.  5. 

The  difference  of  potential 
between    the    binding  posts   to 
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which  the  two  electrodes  are  attached,  some  two  or  three 
volts,  is  such  that  with  the  size  of  electrodes  and  volume 
of  solution  given  above,  a  current  of  from  five  to  eight  or 
ten  hundredths  of  an  ampere  results.  This  difference  of  po- 
tential may  be  obtained  from  a  battery  of  two  or  three  gravity 
cells  ;  but  since  batteries  are  so  difficult  to  keep  in  good  order, 
especially  if  they  are  not  in  constant  use,  and  since  the  Edison 
current  is  so  common,  it  is  much  more  convenient  to  us*  this 
current.  But  the  lighting  system  has  a  difference  of  potential 
of  110  volts  between  the  two  wires,  and  consequently  some 
devices  are  necessary  to  bring  down  the  voltage.  The  arrange- 
ment illustrated  in  fig.  5  has  been  worked  out  from  the  sugges- 
tion given  in  Dr.  E.  F.  Smith's  manual  of  "  Electro-Chemical 
Analysis."  It  is  perhaps  more  elaborate  than  is  necessary,  but 
where  a  good  deal  of  work  must  be  done  it  has  been  found  to 
be  very  serviceable.  It  is  fitted  up,  as  will  be  observed,  to 
carry  on  five  determinations  at  once.  The  base  of  the  arrange- 
ment is  of  slate,  4  in.  wide,  1  in.  thick,  and  of  sufficient  length 
to  carry  five  16-candle-power  110-volt  incandescent  lamps  and 
fifteen  12-candle-power  110-volt  lamps.  It  is  not  essential  to 
have  the  slate  base  all  in  one  piece.  It  will  be  observed  that 
all  the  lamps  are  connected  in  series,  the  right-hand  end  hav- 
ing the  positive  wire  of  the  Edison  circuit  attached  to  it,  and 
the  left-hand  end  the  negative.  The  five  lamps  grouped  at  the 
right  of  the  cut  are  16  candle  power,  and  so  connected,  as  is 
readily  seen,  with  the  plugging  strips  on  the  edge  of  the  slate 
that  any  one,  two,  three,  four,  or  all  of  them,  can  be  cut  out 
by  simply  inserting  plugs  in  the  holes  made  for  them.  The 
other  15  lamps  are  grouped  in  sets  of  three  each,  and  are  so 
arranged  with  plugging  strips  under  each  group,  as  is  readily 
seen,  that,  when  the  two  free  wires  are  connected  through  the 
electrolyzing  solution  and  a  plug  is  in  one  of  the  three  holes  of 
the  group,  a  shunt  circuit  is  formed.  If  the  plug  is  in  the 
right-hand  hole,  the  shunt  circuit  takes  in  three  lamps  ;  if  it  is 
changed  into  the  nest  hole  the  shunt  circuit  takes  in  two 
lamps,  and  if  to  the  next  hole  one  lamp.  This  arrangement 
makes  it  possible  to  secure  a  very  wide  range  of  difference  of 
potential  at  the  binding  posts  above  the  electrolyzing  jar.  For 
example,  if  there  is  a  plug  in  each  of  the  five  holes  below  the 
16-candle-power  lamps,  and  also  one  in  the  right-hand  hole  in 
the  first  group  of  12-candle-power  lamps,  the  differences  of 
potential  at  the  binding  posts  connected  with  this  group  will 
be  about  234,  volts.  Again,  if  all  the  plugs  under  the  16-can- 
dle-power lamps  are  taken  out,  and  the  plug  under  the  first 
group  of  12  candle-power  lamps  is  transferred  to  the  left-hand 
hole,  the  difference  of  potential  between  the  binding  posts  will 
be  about  one  volt.  By  varying  the  plugging,  almost  any  de- 
sired voltage  between  these  two  extremes  can  be  obtained.  It 
is  evident  that  by  using  lamps  of  different  capacity,  or  by 
using  more  or  less  of  them,  still  wider  variations  of  voltage 
may  be  obtained.  A  switch,  not  shown  in  the  cut,  makes  it 
possible  to  shut  off  the  current  when  the  apparatus  is  not  in 
use.  It  is  difficult  to  give  positive  directions  about  the  plug- 
ging necessary  in  using  the  apparatus  described  above,  since 
the  voltage  in  the  mains  is  apt  to  vary  a  little  with  the  distance 
of  the  apparatus  from  the  central  station  ;  also  the  switch,  the 
wires  and  the  plugging  devices  used  vary  with  the  different 
constructions,  with  corresponding  effect  on  the  voltages  in  the 
shunt  circuits.  Still  mare  important  also  is  the  variable  intro- 
duced when  one,  two,  three,  four,  or  five  determinations  are 
being  made  at  once.  Each  new  determination  introduced 
changes  the  voltage  at  the  binding  posts  of  all  the  others  which 
are  in  circuit,  with  a  consequent  change  in  the  current  pass- 
ing, and  hence  a  change  in  the  plugging  becomes  necessary  to 
counteract  this.  The  best  course  to  pursue,  if  an  arrangement 
as  above  described  is  made  use  of,  is  to  connect  a  delicate  am- 
meter in  circuit  with  the  determination  and  make  a  schedule 
of  the  plugging  required  when  one,  two,  three,  or  more  deter- 
minations are  being  made  at  once.  It  may  be  said,  however, 
that  if  the  apparatus  is  approximately  as  described  above,  and 
one  or  even  two  determinations  are  being  made  at  once,  suc- 
cessful results  will  be  obtained  if  there  are  three  plugs  in  the 
group  of  16-candle-power  lamps  and  the  right-hand  hole  of 
each  group  of  12-candle-power  lamps  has  a  plug  in  it.  The 
lamp  arrangement  is  supported  on  a  wooden  frame  not  shown, 
with  the  support  for  holding  the  electrolyzing  jars  underneath 
it.  It  is  desirable  to  use  porcelain  sockets  for  the  lamps,  as 
they  are  not  corroded  by  the  fumes  in  the  laboratory,  and  of 
course  insulated  wire  should  be  used  throughout  for  the  con- 
nections. The  plugging  arrangements  are  made  of  brass,  and 
should  be  kept  well  lacquered.  Turning  the  plugs  in  the 
holes  occasionally  keeps  the  contacts  good. 

CALCULATIONS. 

Atomic  weights  used  :  Copper,  63.4  ;  lead,  207  :  oxygen,  16  ; 
molecular  formula  for  lead  oxide,  PbOi.     The  copper  being 


weighed  in  the  metallic  stale,  no  reduction  is  required,  conse- 
quently the  per  cent,  or  amount  in  100  parts  will  be  found  by 
multiplying  the  weight  found,  expressed  in  grams,  by  100. 
This  may  lie  briefly  stated  as  follows  :  Move  the  decimal  point 
of  the  weight  of  copper  found,  expressed  in  grams,  two  places 
to  the  right.  This  result  will  be  the  percentage  of  copper  in 
the  bronze.  Thus,  if  the  weight  of  copper  found  is  0.7964 
gram,  the  per  cent,  of  copper  in  the  bronze  is  79.64  per  cent. 
The  lead  is  weighed  as  binoxide  ;  and  since  86.61  per  cent,  of 
the  binoxide  is  metallic  lead,  the  weight  found  expressed  in 
grams,  multiplied  by  these  figures,  gives  the  amount  of  metal- 
lic lead  in  one  gram  of  the  bronze.  Then  the  amount  in  100 
grams,  or  the  per  cent.,  will  be  found  by  multiplying  this  fig- 
ure by  100.  This  may  be  briefly  stated  by  the  rule  :  Express 
the  weight  of  binoxide  of  lead  found  in  grams,  move  the  deci- 
mal point  two  places  to  the  right,  and  multiply  by  the  deci- 
mal 0.8661.  The  product  will  be  the  per  cent,  of  lead  in  the 
bronze.  Thus,  if  the  weisht  found  is  0.1462  £rram,  the  percent- 
age will  be  [14.62  X  0.S661]  12.66  per  cent. 

NOTES   AND   PRECAUTIONS. 

It  will  be  observed  that  this  method  separates  the  copper 
and  lead  from  nitric  acid  solution  by  means  of  electricity,  the 
copper  being  thrown  down  on  one  pole  in  the  metallic  state, 
and  the  lead  as  binoxide  on  the  other  pole. 

In  order  to  gel  a  proper  separation  of  lead  and  copper  by 
means  of  the  current  in  nitric  acid  solution  a  certain  amount 
of  free  acid  is  necessary.  Dr.  Edgar  F.  Smith's  manual  of 
"  Electro-Chemical  Analysis"  states  that  not  less  than  5  per 
cent,  is  requisite.  It  wili  be  remembered  that  15  c.c.  of  con- 
centrated C.  P.  acid  are  added  on  separating  the  tin,  a  little  of 
which  is  probably  evaporated,  so  that  if  the  bulk  of  the  solu- 
tion is  made  200*  c.c.  as  directed,  the  amount  of  free  acid  is 
from  7  to  8  per  cent. 

Notwithstanding  the  amount  of  copper  to  be  precipitated  is 
quite  considerable,  by  far  the  largest  portion  of  it  comes  out 
with  the  appliances  as  described  in  about  12  to  15  hours,  so 
that  if  a  rapid  result  is  desired  it  is  safe  to  begin  testing  at  the 
end  of  that  time.  When  a  complete  analysis  of  a  bronze  is 
being  made,  the  other  constituents  are  usually  not  obtained 
sooner  than  24  hours  after  starting,  so  that  no  loss  of  rime  re- 
sults if  the  current  is  allowed  to  act  for  that  time,  and  the  cer- 
tainty of  getting  the  copper  is  somewhat  greater  with  the 
longer  time. 

In  burning  off  the  alcohol  from  the  copper  electrode,  no  addi- 
tional heat  beyond  that  furnished  by  the  alcohol  should  be 
used  or  there  will  be  danger  of  oxidizing  some  of  the  copper.jj 

The  separation  of  the  copper  from  the  solution  by  the  cur- 
rent is  perhaps  never  absolutely  complete.  However  long  the 
current  may  be  passed,  it  is  rare  that  some  slight  reaction  is 
not  given  when  the  acid  solution  is  tested  with  hydrogen  sul- 
phide. The  amount  left  in  solution  can,  however,  usually  be 
ignored  if  the  current  has  been  passed  24  hours. 

The  binoxide  of  lead  adheres  to  its  electrode  sufficiently 
well,  so  that  with  careful  manipulation  there  is  no  danger  of 
loss,  but  a  direct  stream  of  water  against  this  electrode  when 
the  oxide  is  on  it  will  detach  some.  A  severe  jar  will  do  the 
same.  The  copper  adheres  well  if  too  strong  a  current  has  not 
been  used,  and  there  is  little  danger  of  loss  with  any  reason- 
able manipulation. 

The  current  recommended  and  that  given  by  the  apparatus 
as  arranged  is  somewhat  gTeater  than  that  stated  by  the  au- 
thorities as  proper  for  the  precipitation  of  copper  and  lead,  but 
no  difficulties  have  been  experienced  when  working  with  a 
current  of  0.10  of  an  ampere.  Indeed,  at  the  last  a  still 
stronger  current  may  be  safely  used.  It  is  advisable  at  the 
start  to  use  not  over  0.05  of  an  ampere,  and  continue  this  cur- 
rent until  the  electrodes  are  fairly  well  covered.  The^plug- 
ging  arrangement  enables  this  to  be  readily  done. 

With  a  little  experience  the  removal  of  the  acid  solution  and 
the  washing  of  the  electrodes  by  syphoning  as  described  is 
very  satisfactory. 

It  is  obvious/since  nitric  acid  is  present,  in  which  copper  is 
readily  soluble,  if  the  current  is  shut  off  before  the  acid  is  re- 
moved and  the  washing  finished,  there  will  be  danger,of  loss 
of  copper. 

If  there  is  any  silver  present  in  the  bronze,  which  is  often 
the  case,  this  is  thrown  down  with  the  copper  and  weighed  as 
such.  This  error  is  usually  ignored,  the  amount  of  silver 
being  generally  not  more  than  six  or  eight  hundredths  of  a 
per  cent.  If  there  is  any  bismuth  present  in  the  bronze,  the 
largest  part  of  it  goes  to  tie  lead  pole,  causing  in  some  bronzes 
quite  a  serious  error.  Consequently,  if  the  lead  found  by  the 
above-described  method  exceeds  the  limits  of  the  specifications 
on  which  the  metal  was  bought,  a  supplementary  determina- 
tion of  the  lead  is  always  made,  the  lead  being  determined  as 
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sulphate  before  final  action  is  taken  in  regard  to  the  ship- 
ment. 

The  electrodes  are  readily  cleaned  after  a  determination  is 
finished  by  immersing  the  cylinders  in  a  beaker  of  dilute  nitric 
acid,  and  allowing  the  two  wires  to  touch  above  the  beaker. 
A  little  battery  cell  is  thus  formed  which  soon  dissolves  the 
lead  oxide  and* copper. 

In  case  a  little  of  the  lead  oxide  becomes  detached  from  the 
electrode  and  falls  to  the  bottom  of  the  electrolyzing  jar,  it 
may  usually  be  recovered  by  adding  alcohol  after"  the  syphon- 
ing is  finished,  and  washing  by  decantation  several  times,  and 
finally  transferring  by  means  of  an  alcohol  wash  bottle  to  a 
weighed  watch  glass,  sucking  off  most  of  the  excess  of  alcohol 
with  a  pipette,  drying  and  weighing.  The  lead  oxide  is  quite 
bulky,  and  it  requires  considerable  of  it  to  weigh  a  milligram. 
Of  course,  if  any  serious  amount  of  it  becomes  detached,  the 
determination  should  be  repeated,  using  less  current. 

A  small  watch  glass  cut  into  two  equal  parts,  and  each  one 
of  the  halves  put  on  opposite  sides  of  the  wires  of  the  elec- 
trodes, makes  a  convenient  cover  to  keep  out  dust  during  the 
electrolysis. 


A  40-TON  DOCK  CRANE. 


The  Navy  Department  have  now  in  use  at  the  Brooklyn  and 
Norfolk  Navy  Tards  a  40-ton  dock  crane,  built  by  William 
Sellers  &  Co.,  Incorporated,  of  Philadelphia,  which  is  specially 
intended  for  placing  armor  plates  on  the  vessels  built  at  these 
yards.  The  cranes  are  located  on  a  track  running  around  three 
sides  of  the  dry  dock,  the  jib  of  one  of  them  being  seen  over 
the  stern  of  the  United  States  battle-ship  Te&is,  shown  in  our 
engraving  on  page  149  of  the  issue  for  April  of  this  year.  The 
fourth  side  of  the  dry  dock  is  left  clear  for  the  entrance  of  the 
vessel.  It  was  an  essential  requirement  of  these  cranes  that 
they  should  go  around  curves  of  S4  ft.  radius,  measured  to  the 
center  of  the  outside  rail.  This  necessitated  an  arrangement  of 
trucks  which  would  compensate  for  this  short  curvature.  It  is 
very  evident,  also,  that  the  crane  should  be  capable  of  being 
moved  about  as  the  work  demands,  and  that  it  should  be  prefer- 
ably self-propelling  in  order  that  it  may  be  perfectly  indepen- 
dent and  moved  through  longer  or  shorter  distances  as  the 
proper  adjustments  of  the  plates  may  demand. 

The  tracks  upon  which  the  cranes  run  have  a  gauge  of  IS 
ft.  Our  two  illustrations  give  a  very  clear  idea  of  the  gen- 
eral appearance  and  construction  ;  the  line  engraving  having 
been  supplied  us  by  the  Iron  Age,  while  the  half-tone  engrav- 
ing is  a  direct  reproduction  of  a  photograph  supplied  by  the 
makers.  The  working  capacity  of  the  crane  is  40  gross  "tons, 
at  a  radius  of  50  ft.  measured  on  the  center  line  of  the  bearing 
pins  of  the  jib,  and  the  machinery  is  so  arranged  that  it  i3 
capable  of  hoisting  or  lowering,  turning  or  traveling,  simul- 
taneously or  independently  as  the  work  may  require  ;  the  ma- 
chinery is  also  so  geared  that  all  of  the  motions  can  be  readily 
reversed  without  reversing  the  engine.  In  addition  to  its  load 
of  40  tons  the  jib  is  arranged  to  a  pivot  on  the  upper  platform 
of  the  car,  and  is  held  in  place  by  two  large  screws,  which  two 
can  be  moved  so  as  to  increase  the  radius  of  the  hook  14  ft., 
making  it  64  ft.  from  the  fulcrum  pins  of  the  jib  instead  of  50 
ft.,  and  making  the  maximum  radius  from  the  center  of  the 
rotating  platform  70  ft.  instead  of  06  ft.  The  maximum  load 
at  this  radius  is  30  gross  tons. 

The  rotating  platform  which  carries  the  machinery,  adjust- 
able jib  and  boiler,  is  counterbalanced  at  its  outer  end"  by  a  box 
containing  slabs  of  cast  iron,  of  a  total  weight  of  about  60  tons. 
This  counterweight  is  so  proportioned  as  to  balance  the  loaded 
and  empty  crane,  keeping  the  center  of  gravity  of  the  mass 
within  the  circle  of  rollers  on  the  crane  car. 

The  crane  is  driven  by  a  pair  of  10  in.  x  12  in.  engines,  and 
the  various  changes  and  motions  of  hoisting  and  lowering, 
turning  and  traversing,  is  accomplished  by  means  of  friction 
clutches.  The  load  is  also  automatically  sustained  at  all  points 
by  a  patent  retaining  device,  without  attention  of  the  operator, 
it  being  necessary  to  lower  by  power.  The  load  is  carried 
upon  three  parts  of  chain,  the  free  end  being  wound  upon  the 
drum  with  a  single  coil  without  overlapping.  This  chain  is 
made  of  tested  links  of  lf-in.  round  iron.  The  drum  upon 
which  it  is  wound  is  of  wrought  iron  ;  the  bearing  ring  for  the 
rollers,  which  required  a  harder  material,  has  been  made  of 
steel  castings.  The  circular  web  is  of  two  plates,  and  all 
angles  are  in  one  length,  the  ends  of  no  two  of  them  meeting 
in  the  same  vertical  plane. 

The  maximum  speed  of  the  crane  is  50  ft.  per  minute. 
There  are  two  hoists,  one  being  a  slow  speed  of  from  5  ft.  to  7 
ft.  per  minute,  while  the  other  is  a  rapid  hoist,  for  weights  run- 
ning up  to  about  IS  tons,  and  has  a  speed  three  times  that  of 


the  first.  The  operating  clutches  are  arranged  in  pairs  upon 
the  horizontal  shafts,  each  pair  being  controlled  by  a  single 
lever,  so  that  in  a  central  position  no  motion  will  result.  The 
forward  movement  of  the  lever  will  produce  a  corresponding 
motion  of  the  crane  in  one  direction,  while  the  backward  move- 
ment of  the  lever  produces  motion  in  the  opposite  direction. 
The  work  is  thus  perfectly  under  the  control  of  the  operator  at 
all  times  and  by  very  simple  means. 

Such  a  crane  as  this  is  not  only  an  advantage,  but  absolutely 
necessary  to  an  economical  performance  of  such  work  as  the 
location  of  armor  plates  and  heavy  work  of  a  similar  character 
about  our  battle-ships  and  cruisers,  and  this  one  has  been  so 
designed  that  its  working  has  given  the  utmost  satisfaction. 


RECENT  EXPERIENCES  WITH  CYLINDRICAL 
BOILERS  AND  THE  "ELLIS  AND  EAVES"  SUC- 
TION DRAFT.* 


By  F.  Gross. 


At  the  last  summer  meeting  Mr.  Ellis  read  a  paper  on 
"  Some  Experiments  on  the  Combination  of  Induced  Draft 
and  Hot  Air  Applied  to  Marine  Boilers  Fitted  with  Serve  Tubes 
and  Retarders. "  So  much  special  attention  is  being  given  to 
boilers  for  ships  at  the  present  time,  that  it  will  perhaps  inter- 
est the  members  to  be  informed  of  the  experience  which  has 
been  gained  to  date  with  this  system  applied  to  marine  boilers 
on  land  and  at  sea.  The  boilers  which  have  been  working 
longest  with  this  combination  are  at  the  Atlas  Works,  Shef- 
field. Nos.  7  and  8  are  now  three  years  old  :  Nos.  9  and  10 
are  two  years  old  ;  Nos.  11  to  16  have  since  been  gradually 
added.  These  10  single-ended  marine  boilers,  placed  together 
in  one  shop,  furnish  part  of  the  steam  required  by  the  works, 
and  are  at  work  day  and  night.  Their  ordinary  work  is  to 
maintain  a  regular  combustion  due  to  3  in.  vacuum  at  the  fan 
inlets,  corresponding  to  a  combustion  of  35  lbs.  to  37  lbs.  per 
square  foot  of  grate,  which  is  uniformly  5  ft.  8  in.  long  in  all 
the  boilers.  For  short  periods,  at  certain  intervals  during  the 
day,  the  quantity  of  steam  required  is  appreciably  greater 
than  the  regular  quantity,  when,  by  increasing  the  number  of 
revolutions,  the  rate  of  combustion  is  immediately  raised  to 
40  lbs.,  45  lbs.,  50  lbs.,  or  even  60  lbs.  per  square  foot  of  grate, 
and  as  promptly  reduced  when  the  demand  for  the  extra 
steam  has  passed  away.  It  will  be  evident  that,  unlike  boilers 
with  natural  draft,  the  boiler  is  the  constant  quantity,  while 
the  draft  is  varied  largely  according  to  the  requirements  for 
the  time  being. 

For  the  purpose  of  obtaining  data  on  suction-draft  fans,  dif- 
ferent diameters  and  widths  are  used.  Moreover,  some  fans 
work  one  boiler  only,  and  are  placed  above  the  boilers  :  others 
work  two  boilers,  and  are  placed  on  the  ground  floor,  sucking 
the  gases  downward,  and  discharging  them  into  short  funnels, 
which  just  clear  the  roof  of  the  building.  The  success  of 
boilers  Nos.  7  and  8  led  to  the  construction  of  Nos.  9  and  10, 
and  the  satisfactory  experience  with  the  four,  to  the  subse- 
quent further  six,  partly  for  the  sake  of  space,  partly  for  econ- 
omy and  absence  of  smoke.  The  10  boilers,  10  ft.  6  in.  by 
10  ft.  6  in.,  displace  three  to  four  times  as  many  Lancashire 
boilers  of  about  28  ft.  by  6  ft.  6  in.,  while  the  evaporation  per 
pound  of  South  Yorkshire  coal  is  9  lbs.  actual  from  cold  feed 
— or  10|  "os-  from  and  at  2123— when  burning  at  30  lbs.  per 
square  foot  of  grate,  or  Si  lbs.  actual  feed — or  10  lbs.  from 
and  at  212'— when  burning  at  45  lbs.  per  square  foot  of  grate, 
as  against  64  lbs.  actual  from  cold  feed  in  the  Lancashire 
boiler  burning  at  19  lbs.  per  square  foot  of  grate  with  a  chim- 
ney 130  ft.  high.  Very  recent  careful  examination  of  the 
boilers  shows  that  the  Purves  flues,  tube  plates,  and  Serve 
tube  ends  in  the  oldest  are  as  good  as  new  :  and  it  is  worthv 
of  special  note  that  the  feed-water  comes  cold  from  the  river, 
unfiltered,  and  that  the  draft  is  not  shut  oil  wheu  the  doors 
are  opened  for  firing,  slicing,  or  raking.  The  dampers  are 
used  only  when  the  fires  are  being  cleaned — every  six  hours. 
The  fans  likewise  continue  to  work  satisfactorily,  as  antici- 
pated, because  the  gases  when  entering  the  fans  do  not  exceed 
450°  at  the  highest  rate  of  combustion,  the  air  heated  by  the 
waste  gases  then  entering  the  furnaces  at  320*.  For  these 
boilers,  owing  to  the  steam  pressure  being  as  yet  unavoidably 
only  50  lbs.  per  square  inch,  the  fan  engines  are  simple  en- 
gines. 

The  International  Company's  steamship  Berlin — better 
known  under  the  old  name  of  the  Inman  Company's  City  of 


*  Paper  read  before  the  Institution  of  Naval  Architects  on  July  *J6,  lt^l. 
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Berlin — was  the  first  steamer  fitted  with  the  draft,  as  conven- 
iently as  the  position  of  the  eight  single-ended  boilers  facing 
the  center  longitudinal  line  of  the  ship  permitted.  The  aii- 
heating  tubes  bad  in  this  ease  to  be  placed  across  the  front 
iustead  of  lengthwise  of  the  boilers,  offering  consequently 
more  obstruction,  with  less  effective  heating  surface,  than 
when  placed  in  the  usual  way.  She  has  been  working  hard 
since  March  1,  is;);;,  with  satisfactory  results,  and  has  burnt 
at  an  average  rate  of  20  lbs.  per  square  foot  of  grate,  5  ft. 
3  in.  long. 

The  same  owners  adopted  this  draft  for  the  two  new  steamers 
built  in  this  counlry  and  recently  completed — viz.,  the  steam- 
ship 8outhv>a/rk,  by  Messrs.  Denny,  and  the  steamship  Ken- 
i\  Messrs.  J.  &  G.  Thomson,  Clydebank.  They  are 
twin  screw  sister  ships,  480  ft.  long  by  5?  ft.  wide  by  40  ft. 
deep.  The  main  engines  are  quadruple-expansion,  and  in- 
tended to  develop  7,000  I.H.P.  in  each  ship  at  trial  trip.  The 
Southwark  has  two  double  ended  main  boilers,  15  ft.  Oj'j  in. 
mean  diameter  by  21  ft.  8J  in.  long,  and  one  single  ended, 
1")  It.  9A  in.  mean  diameter  by  11  ft.  1  in.  long.  Each  of  the 
live  boiler  ends  has  four  Purves  furnaces  3  ft.  4  in.  inside 
diameter,  grate  bars  5  ft.  9  in.  long.  Total  grate  surface,  383 
sq.   ft.      Total  heat-distributing   surface   inside  the  boilers, 


each  ship,  127  sq.  ft.  Heat-distributing  surface  within  the 
boilers,  4,770  sq.  ft.  in  each  ship.  Working  pressure,  1G0  lbs. 
The  fans  and  triple-expansion  fan  engines  are  of  Messrs. 
\V.  II.  Allen  &  Co.'s  make.  Each  ship  has  completed  one 
round  voyage  to  Australia  and  back.  On  the  outward  voy- 
ages, with  an  average  indicated  II. P.  of  main  engines  of  2,400 
to  2,500,  the  coal  consumption  averages  about  2G  lbs.  per 
square  foot  of  grate.  On  the  home  voyage,  requiring  consid- 
erable extra  steam  for  the  largo  refrigerating  machinery,  the 
Perthshire  averaged  a  combustion  of  31$  lbs.  over  nine  con- 
secutive days,  and  the  Buteshire  27i  lbs.  per  square  foot  of 
grate  over  56  consecutive  days.  The  coal  consumption  of 
Newcastle  small  coal  on  the  outward  voyages  averages  1.345 
lbs.  per  indicated  H.P.  of  main  engines.  Tins  includes  the 
power  required  by  the  fan  engines.  With  South  Wales  coal 
the  consumption  of  main  engines  will,  therefore,  be  under 
1.3  lbs.  per  indicated  H.P.,  after  finding  the  power  for  the 
fan  engines.  Although  the  boilers  of  the  Perthshire  had  been 
continually  under  steam  for  75  days,  being  worked  for  59  days 
at  this,  for  Australian  voyages,  unprecedented  rate  of  com- 
bustion, the  furnaces,  tube  plates,  tube  ends,  and  the  fans 
were  found  in  good  order  on  arrival  in  London.  These  owners 
are  fitting  the  draft  arrangement  to  a  third  sister  ship,  the 


PARTICULARS  OF  SHIPS  AT  WORK  WITH  THE  "ELLIS  &  EAVES"  COMBINATION  DRAUGHT. 


Length  of  ship 

Width    "    "    

Depth    "     "     

Displacement  ut  trial  trip— tons. 

N  umber  of  boilers 


Size 


Number  of  furnaces 

Inside  diameter  of  furnaces 

Length  of  grate 

Total  heat  distributing  surface  in  boilers, 

reckoning  outside  surface  of  tubes 

Total  grate  surface 

Working  pressure 

Numberoffans    

Size         "    "     

Mean  speed  developed  at  trial  trip— knots 

Average  revolutions  of  fan  engines 

Number  of  voyages  ...     

Average  I .  II.  P.  of  voyages 

"       coal  consumption  per  I.  H.P . . 


Temperature  of  air  before  entering 

nacea  

Temperature  of jgases  at  fan  inlet.  . 

Vacnnm  at  fan  inlet  

over  fires .. 


fur 


S.S.  Berlin. 


488  ft.  6  in. 
44  "  0  " 
30  "    9  " 

8  single-ended. 


1 13  ft.  2l£  in.  mean 
diam.  X  11  ft.  4^ 


24 
3  ft.  2  in. 
5  "   3  " 

14.M6  sq.  ft. 

3%      '• 

150  lbs. 

4 

7  ft.  0  in.  diam. 


IT 
:.  508 


860" 

441° 
:',  r>  in. 
1.1  '■ 


S.S.  Southwark. 


X  1 


mean 
ft.   1 


480  ft. 
57  " 
40  " 
12,300 
j  2  double-ended  and 
}     1  single-ended, 
r  15  ft.  oft  in.  mean 
diam.  X  21  ft.  S}i 
I     in. 
1  15  ft.  9, 
1     diam. 
I     in. 

20  Purves. 
3  ft.  4  in. 
5  "    9  " 

12,285  sq.  ft. 

383      " 

200  lbs. 

5 

7  ft.  0  in   diam. 

16. a 

317 
4 

1,41(1 


S.S.  Kensington. 


371° 

393° 
!.9in. 


480  ft. 

67  " 

40  " 

12,400 

2  double-euded  and 

1  single-ended. 
15  ft.  9  in.  mean 
diam.  x  21  ft.  7 
in. 
15  ft.  9  in.  mean 
diam.  X  11  ft.  6 
in. 

20  Purves. 
S  ft.  4  in. 
5  "   9  " 

11,672  sq.  ft. 

383      " 

200  lbs. 

5 

7  ft.  6  in.  diam. 

15.8 


S.S.  Perthshire. 


435  ft. 
54  " 
32  " 
7,500 

2  single-ended. 


15  ft.  6  in.  mean  diam 
.v  12  It. 


6  Purves. 
3  ft.  9  in. 
5  "    9  " 

4,770  sq.  ft. 
127       " 
160  lbs. 

2 

8  ft.  diam. 

11.75 

320 

1 

2,450  outwards. 

1  134  lbs.  Newcastle 

I     Sm. 

220° 

310° 

1.75  in. 


S.S.  Buteshire. 


435  ft. 
54  " 
32  " 

2  -inHe-ended. 


15  ft   0  in.  mean  diam. 
X  12  ft. 


6  Purves. 
3  ft.  9  in. 
5  "   9  " 

4,770  Bq  ft. 
127      " 
ICO  lbs. 

2 
8  ft.  diam. 


12,285  sq.  ft.  Working  pressure,  200  lbs.  Each  boiler  end 
has  one  exhausting  fan  7  ft.  6  in.  diameter,  and  separate  self- 
acting  engine  by  Messrs.  Sturtevant,  of  Boston,  United  States, 
tins.-  engines  being  used  freely  in  the  International  Company's 
steamers.  The  Serve  tubes  in  the  boilers  are  3i  in.  outside 
diameter.  At  the  trial  trip  with  a  displacement  of  12,300  tons, 
sin'  easily  developed  the  expected  power,  and  gave  the  mean 
speed  oi  16.3  knots.  On  her  station  she  has  been  running  four 
round  voyages,  Liverpool  to  Philadelphia,  almost  entirely 
with  the  two  double-ended  boilers  only  at  work,  with  an  aver- 
age combustion  of  27A  lbs.,  which  will  gradually  be  increased. 
In  the  Kt  nsington  the  boilers  are  slightly  longer,  the  double- 
ended  21  fl.  7  in.  and  the  single-ended  11  ft.  5  in.  The  total 
heat,  distributing  surface  inside  the  boilers  is  slightly  less — 
viz..  11,072  sq  ft.  Tlic  number  and  size  of  Purves  furnaces, 
the  length  of  grate  bars,  and  diameter  of  Serve  tubes  are  the 
Bame  as  in  the  Southwark.  At  the  trial  trip,  with  a  displace- 
ment of  12,400  tons,  she  gave  a  mean  speed  of  15.8  knots. 
She  has  run  one  voyage  West  so  far. 

While  the  foregoing  steamers  are  giving  experience  for  the 
Atlantic  service,  two  other  large  steamers  are  doing  the  same 
for  the  long  voyages  to  and  from  Australia.  Messrs.  Turn- 
bull,  Martin  it  Co.,  London,  in  the  Australian  dead  meat 
trade,  have  this  combination  draft  in  their  new  sister  ships. 
/',  rthsJiire  and  Buteshire,  built  by  Messrs.  Hawthorne,  Leslie  & 
Co..  Newcastle.  These  ships  are  435  ft.  long  overall,  54ft. 
wide,    ami    32    fl.   deep.       Displacement    when    fully    loaded, 

12, •  tons.     For  the  power  of  3,000  I.H.P.  in  each  ship  there 

are  tun  single  ended  boilers,  15  ft.  ti  in.  diameter  by  12  ft. 
long,  eaeli  with  three  Purves  furnaces,  3  ft.  9  in.  inside  diam 
eter,  and  grate  bars  5  ft.  9  in.  long.     Total  giate  surface  in 


steamship  Banffshire,  now  building  by  Messrs.   Hawthorne, 
Leslie  &  Co. 

"Briefly  summarized,  the  experience  to  date  may  be  consid- 
ered to  have  established  a  rate  of  combustion  on  a  grate  5  ft. 
9  in.  long  of  30  lbs.  to  60  lbs.  in  marine  boilers  on  land,  and 
of  26  lbs.  to  31A  lbs.  at  sea  in  the  Atlantic  and  Australian  ser- 
vices, without  trouble  to  furnaces,  tube  plates,  tube  ends,  fans 
and  fan  engines,  accompauied  by  an  appreciable  economy 
compared  with  the  boilers  of  the  same  size  with  plain  tubes 
working  with  natural  draft  at  half  the  rate  of  combustion. 
The  main  factor  in  the  economy  is,  of  course,  the  Serve  tube 
in  combination  with  the  retarder,  because  the  Serve  tube  has 
on  an  average  at  least  75  per  cent,  more  heat  "  absorbing" 
surface  than  the  same  diameter  of  plain  tube.  The  result  is 
that  at.  the  highest  rates  of  combustion,  and  with  3J-  in.  diam- 
eter tubes— permitting  natural  draft  to  be  readily  used— the 
gases,  when  they  reach  the  smoke  box,  do  not  exceed  700". 
The  heat-absorbing  surface  of  the  air-heating  tubes  completes 
the  economy,  the  gases  reaching  the  fans  cooled  down  to  300° 
to  400*,  having  heated  the  air  to  from  200°  to  300",  according 
to  the  rate  of  combustion  and  amount  of  absorbing  surface. 
Against  close  stokehold  forced  draft,  burning  at  the  same  rate 
of  combustion  with  plain  tubes,  the  weight  of  the  boilers  with 
this  system  will  be  greater,  but  there  is  a  considerable  net 
saving  in  weight  for  other  than  short  cross  Channel  voyages 
through  the  economy  in  fuel,  which  is  naturally  greatest 
against  closed  stokehold  cold-air  draft.  At  a  combustion  of 
30  lbs.  per  square  foot  of  grate  this  economy  will  be  tit  least 
15  per  cent.  Against  .Mr.  llowdcn's  latest  practice  the  loss 
of  weight  is  trifling,  being  practically  only  the  extra  weight 
of  the  ribs  in  the  Serve  tubes  and  of  the  greater  surface  of  the 
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air-heating  tubes,  and  these  produce  a  distinct  advantage  in 
economy  in  fuel  of  at  least  7$  per  cent.  In  a  number  of 
steamers  working  with  Mr.  LTowden's  draft,  the  substitution 
of  Serve  tubes  for  plain  tubes  has  at  once  given  an  economy 
of  10  per  cent.,  and  it  will  be  conceded  that  the  horizontal  air- 
heating  tubes  in  the  suction  draft  will  be  more  effective  than 
vertical  tubes.  Even  with  natural  draft,  with  a  funnel  height 
of  75  ft.  or  more,  the  Serve  tube  has  proved  in  a  considerable 
number  of  vessels  that  it  gives  an  economy  of  10  per  cent. 


BOILER  WITH  ELLIS  &  EAVES'  HOT-AIB  AND  SUCTION  SYSTEM 


over  plain  tubes  in  the  same  boilers,  and  the  special  advantage 
of  this  suction-draft  combination  is  to  give  the  same  economy 
when  burning  at  twice  the  rate  in  half  the  number  of  boilers, 
or  to  make  the  steam  as  economically  as  is  now  done  with 
natural  draft  and  plain  tubes  when  burning  at  three  times  the 
rate  in  one-third  the  number  of  natural-draft  boilers. 
'"Taking,  therefore,  boilers  and  coal  together,  this  system  re- 
quires in  reality  for  moderate  and  long  voyages  the  least 
weight  of  cylindrical  boiler  for  a  combustion  of  25  lbs.  per 
square  foot  of  grate  and  upward  :  and,  as  the  action  of  the 
suction-draft  is  to  heat  the  boilers  more  uniformly  the  higher 
the  rate  of  combustion — therefore  the  opposite  of  forced-air 
pressure  draft — it  is  probable  we  shall  gradually  see  the  boilers 
reduced  more  and  more  in  size,  and  the  rate  of  combustion  at 
sea  increased  to  40  lbs.,  50  lbs.,  and  upward  per  square  foot 
of  grate.  Electric  motors  with  small  fans  will  assist  in  this 
direction,  and  the  economy,  safety,  and  comfort  of  this  sys- 
tem in  working  are  strong  recommendations  for  large  pas- 
senger and  cargo  boats,  while  for  warships  the  power  to  do 
away  entirely  with  smoke,  and  even  with  funnels,  should  not 
be  without  importance.  The  accompanying  table  gives  the 
principal  data  for  the  five  ships  grouped  together  for  handy 
reference. 


PROGRESS   IN 


GAS    MOTORS 
RAILWAYS. 


FOR    STREET 


Lv  a  recent  issue  of  the  United  States  Consular  Reports  Mr. 
Frank  H.  Mason,  our  Consul-General  to  Frankfort,  contributes 
the  following  interesting  information  on  the  subject  of  gas 
motors  for  tramway  purposes.  Referring  to  the  Liihrig  model 
of  a  street  car  propelled  by  a  gas  engine,  and  carrying  its  sup- 
ply of  compressed  gas  in  cylindrical  reservoirs  hung  beneath 
the  floor  of  the  vehicles,  he  says  that,  although  of  recent  in- 
vention and  somewhat  complicated  in  construction,  this  car 
had  been  worked  successfully  in  Dresden  at  a  net  cost  of  opera- 
tion so  far  below  that  of  electric  or  even  horse  railways  that 
it  seemed  to  embody  the  germ  at  least  of  a  new  and  important 
departure  in  street  railroad  equipment,  particularly  for  the 
large  class  of  lines  whereon  traffic  is  limited  and  varies  essen- 
tially in  volume  at  different  seasons  or  hours  of  the  day. 
Through  the  death  of  the  inventor  and  other  circumstances, 
the  ardor  of  improvement  appears  to  have  been  temporarily 
checked  in  German}-,  and  the  field  of  experiment  has  been 
transferred  to  England,  where  the  Liihrig  patents  have  been 


acquired  by  a  syndicate,  and  the  car  has  undergone,  during 
the  past  four  or  five  months,  modifications  which,  from  trust- 
worthy accounts,  have  greatly  lessened  its  weight  and  cost 
and  enhanced  its  practical  value. 

A  car  of  this  improved  type  is  now  worked  regularly  on  the 
lines  of  a  tramway  company  at  Croydon,  near  London,  and 
has  attracted  expert  attention  from  all  parts  of  Great  Britain, 
where  the  problem  of  street  railway  equipment  and  manage- 
ment is  quite  as  complicated  and  difficult  as  in  any  portion  of 
the  United  States.  Not  less  than 
$70,000,000  is  invested  in  tramway 
lines  within  the  United  Kingdom, 
with  results  so  generally  unsatis- 
factory, as  regards  profits  to  stock- 
holders, that  there  is  a  wide  and 
urgent  demand  for  a  new  and  sim- 
plified motor  or  system  that  will 
secure  equal  effectiveness  and 
greater  economy  in  operation.  Not- 
withstanding the  relatively  dense 
population  of  Great  Britain,  only 
a  small  proportion  of  its  tramways, 
as  worked  at  present  by  cables, 
steam  locomotives,  electricity,  or 
horse  power,  are  really  satisfactory 
to  the  public  or  pay  regular  divi- 
dends. The  same  need  exists  there, 
as  elsewhere,  for  a  motor  which 
shall  be  clean,  noiseless,  manage- 
able, independent  of  overhead 
wires  or  underground  construc- 
tions, and  withal  so  cheap  in  initial 
investment  and  working  expense 
as  to  successfully  supersede  horse 
cars,  to  which  there  are  many  ob- 
jections on  the  score  of  cleanliness, 
speed,  and  economy  on  lines  which 
have  a  light  or  varying  volume  of 
traffic. 

One  important  difficulty  in  the  case  of  every  self-contained 
car  lies  in  the  fact  that,"  for  climbing  grades,"  starting  under 
full  load,  passing  curves,  or  meeting  sudden  falls  of  snow,  a 
car  which,  when  in  motion,  can  be  easily  drawn  by  two  horses 
must  be  equipped  with  a  motor  capable  of  exerting  tempo- 
rarily 10  or  12  H.P.,  and  for  this  a  considerable  weight  of  ma- 
chinery is  unavoidable.  The  general  defect  which  has  been 
found  in  gas  motors  for  street  railway  purposes  hitherto  has 
been  that  they  have  been  available  only  for  light  traffic,  and, 
if  made  sufficiently  powerful  for  city  lines,  their  excessive 
weight  and  cost  would  form  a  fatal  objection. 

Through  the  modifications  which  have  been  made  in  the 
Liihrig  motor  car  by  the  English  engineers,  these  defects  are 
believed  to  have  been  practically  overcome.  The  original  car 
was  rigged  with  two  double-cylindered  gas  engines,  one  under 
each  seat,  and  both  working  upon  the  same  driving  shaft,  and 
weighed,  without  passengers,  7-J  tons.  In  the  improved  car 
but  one  gas  engine  is  used,  the  two  cylinders  of  which  are  set 
facing  each  other,  and  both  working  to  the  same  crank.  The 
engine  is  located  under  the  seat  on  one  side  of  the  car  ;  the 
other  end  of  the  driving  shaft,  which  extends  across  beneath 
the  floor  of  the  vehicle,  carrying  a  fly  wheel,  which  steadies 
and  regulates  the  motion  of  the  engine.  By  this  improvement 
the  number  of  working  parts,  and,  therefore,  the  weight,  cost, 
and  wear  and  tear  of  the  motor,  have  been  greatly  reduced. 
What  is  equally  important,  in  a  commercial  sense,  the  motor 
has  been  reduced  to  a  form  and  dimensions  which  will  permit 
it  to  be  adjusted  to  cars  already  built  for  cable,  electricity,  oi 
horse  power. 

But  by  reducing  the  engines  to  one,  the  power  of  the  car  to 
start  promptly  with  a  heavy  load  was  compromised,  and  this 
weakness  has  been  overcome  by  the  momentum  of  the  fly 
wheel  and  by  the  device  of  keeping  the  engine  constantly  in 
motion  while  the  car  is  in  service  and  transmitting  its  power 
from  the  crank  shaft,  through  a  second-motion  shaft,  to  the 
running  gear  by  friction  clutches  under  the  control  of  the 
driver.     This  is  arranged  as  follows  : 

The  driver,  standing  on  the  front  platform,  has  before  him 
the  brake  wheel,  and  beside  him  a  movable  lever  not  unlike 
the  reversing  bar  of  a  locomotive.  When  this  lever  is  in  a 
vertical  position  the  engine  shaft  is  disconnected  from  the  sec- 
ond-motion shaft  and  the  axles,  so  that  the  car  may  be  at  rest 
while  the  engine  is  running  free.  When  the  lever  is  pushed 
to  the  right  the  second-motion  shaft,  with  which  the  axles  are 
connected  by  chain  gearing,  is  brought  into  engagement  by  a 
pinion  and  friction  clutch,  which  gives  the  car  a  speed  of  4 
miles  per  hour.  Shoving  the  lever  to  the  left  brings  into  sim- 
ilar engagement  a  larger  pinion,  which,  without  changing  the 
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speed  of  the  engine,  gives  the  car  a  pace  of  8  miles  an  hour, 
which  is  [the  limit  of  speed 'allowed  by  the  municipality  of 
Croydon.  A  second  lever  is  provided  for  operating  reversing 
clutches  whenever,  at  the  end  of  the  line  or  elsewhere,  the 
movement  of  the  car  lias  to  be  reversed.  The  friction  clutches, 
which  form  so  important  a  feature  of  the  machine,  are  made 
of  hard  wood  set  between  the  two  disks  of  iron,  and  are  said 
to  be  effective  and  durable. 

f|  There  must  be,  of  course,  some  device  to  regulate  the  speed 
of  the  engine  and  keep  it  as  nearly  as  possible  uniform  while 
the  car  is  stopped  and  under  the  varying  conditions  of  grade 
and  load.  This  has  been  provided  for  with  great  ingenuity — 
first,  by  a  governor,  which,  when  the  work  is  light,  cuts  off 
automatically  the  gas  supply  from  one  of  the  cylinders,  leav- 
ing the  other  to  do  the  work  alone,  and,  still  further,  thr  >ugh 
a  mechanical  connection  between  the  governor  itself  and  the 
lever,  already  described,  which  operates  the  clutches.  When 
this  lever  is  upright  and  the  engine  shaft  disengaged  from  the 
axle  gearing,  a  weight  on  the  spindle  of  the  governor  is  lifted 
which  cuts  off  the  gas  at  half  stroke  in  the  one  working  cylin- 
der, so  that,  while  the  engine  is  running  free  with  the  car  at 
rest,  it  is  reduced  to  half  speed,  and  the  explosions  are  ren- 
dered so  light  and  gentle  as  to  be  hardly  perceptible. 

Ordinary  street  gas  is  used,  condensed  to  a  pressure  of  10 
atmospheres,  and  the  reservoirs  under  the  floor  of  the  car, 
which  can  be  filled  through  a  flexible  pipe  within  the  time  re- 
quired to  change  horses,  carry  gas  enough  for  a  run  of  8  or  10 
miles.  The  consumption  of  gas  by  a  loaded  car  is  stated  to  be 
25  cub.  ft.  per  mile,  which  costs  at  Croydon  2  cents.  The 
syndicate  under  whose  management  the  car  now  in  service  has 
been  built  and  tested  is  naturally  disinclined  as  yet  to  disclose 
fully  the  detailed  results,  but  the  editor  of  Engineering,  who 
has  been  permitted  to  examine  the  experiments  somewhat  care- 
fully, states  his  conclusions  as  follows  : 

'■'  "The  car  is  not  noticeably  different  from  a  horse  car.  It 
runs  quietly  and  easily,  emitting  neither  smoke  nor  steam,  and 
is  quite  under  control.  Inside  passengers  can  hear  a  slight 
rumble  of  machinery  and  perceive  a  trifling  vibration  ;  but 
after  a  minute  or  two  these  are  unheeded,  and  practically  there 
is  nothing  to  detract  from  their  comfort.  Neither  they  nor  the 
bystanders  in  the  street  can  perceive  any  machinery  whatever, 
for  the  engine  and  gearing  are  entirely  inclosed,  the  motor 
lying  under  one  seat  and  the  wheels  and  clutches  under  the 
floor  of  the  car.  ...  It  carries  twenty-eight  passengers  in 
all,  and  makes  a  very  fair  speed,  the  limit  allowed  by  the  Board 
of  Trade  being  8  miles  per  hour.  With  the  slow  gear  in 
action  it  will  readily  mount  an  incline  of  1  in  23,  with  a  shoit 
piece  of  1  in  lfi,  and  in  coming  down  it  can  be  stopped  by  the 
brakes  in  its  own  length.  It  also  goes  round  a  curve  of  35  ft. 
radius  on  a  1  in  27  grade.  Its  weight,  when  filled  with  pas- 
sengers, is  &i  tons.  For  gas  it  costs  Id.  (2  cents)  per  mile, 
against  3f<t  (7  cents)  per  mile"  for  fodder  and  bedding  for 
horses  ;  so  that  the  gas-motor  car  starts  with  an  advantage  of 
1\d.  (5  cents)  per  mile.  The  performance  of  the  car  is  quite 
satisfactory." 

The  main  question,  which  remains  to  be  decided  by  pro- 
longed experience,  would  seem  to  be  that  of  net  cost  of  main 
tenance.  The  initial  cost  of  the  motor  car  is  about  the  same 
as  that  of  an  ordinary  horse  car,  and  the  eleven  horses  which 
are  required  on  well-managed  lines  to  operate  it.  The  point 
to  be  determined  is,  whether  it  is  or  is  not  cheaper  to  keep  one 
gas  engine  in  order  than  to  keep  in  health  and  serviceable  con- 
dition eleven  horses,  and  whether  the  machine  will  last  longer 
in  service  than  the  animals.  When  the  motor  car  is  not  need- 
ed it  costs  nothing  but  a  shed  to  shelter  it,  while  the  horses 
must  be  fed  and  cared  for.  Fiom  the  English  standpoint,  the 
horse  car  is  the  only  system  that  offers  any  serious  competition 
with  gas,  and,  as  the  latter  starts. witli  an  advantage  of  5  cents 
per  mile  in  the  cost  of  material  consumed,  its  victory  on  a  large 
majority  of  the  lines  in  that  country  would  seem  to  be  more 
than  probable. 

A  special  motor  car  of  the  type  above  described,  combining 
all  the  improvements  thus  far  made  and  reduced  to  the  utmost 
limit  of  simplicity  and  lightness,  is  now  being  constructed  in 
England,  to  be  carried  to  the  United  States  for  exhibition  and 
trial  in  October.  Its  performances  will  doubtless  merit  the 
attention  of  all  who  are  interested  in  the  complicated  subject 
of  city  and  suburban  transportation. 


QUADRUPLE-EXPANSION  ENGINE  FOR  THIRD 
CLASS  TORPEDO  BOAT. 


TiiEKF.'is  beimr  built  at  the  present  time  at  the  Brooklyn 
Navy  Yard  a  third-class  torpedo-boat,  to  be  carried  on  the 
decks  of  the  United  States  battle-ship  Maine.  The  craft  is  to 
be  about  05  ft.  in  length,  and  is  to  be  fitted  and  driven  by  a 


single'screw^turned  by  the  quadruple-expansion  engine  which 
we  illustrate  herewith.  It  is  expected  that  these  engines  will 
develop  about  200  I.H.P.  As  the  boat  is  to  be  lifted  from 
the  water  to  the  deck  of  the  battle-ship  and  carried  thereon, 
it  is  very  essential  that  everything  about  her  should  be  of  the 
lightest  possible  construction.  In  a  future  issue  we  hope  to 
be  able  to  give  a  general  drawing  of  the  boat,  in  winch  it  will 
be  seen  that  all  of  the  scantling  is  made  of  the  lightest  possi- 
ble material,  and  this  method  of  construction  has  been  followed 
out  in  all  of  the  details. 

The  boilers  used  are  of  the  Mosher  water-tube  type,  which 
were  illustrated  and  described  in  our  last  issue.  These  extend 
clear  across  the  vessel  from  one  rail  to  the  other,  and  there  is 
no  fore-and-aft  passageway  except  along  the  deck.  The  en- 
gines have  also  been  designed  with  a  view  of  economizing 
space,  and  it  is  almost  startling  to  note  the  thinness  of  the 
cylinder  shells  which  are  used  on  this  boat.  These  cylinders 
are  6  in.,  84  in.,  11|  in.,  and  15j  in.  in  diameter  respectively, 
with  a  uniform  stroke  of  8  in.,  while  the  thicknesses  of  their 
shells  is  |  in.  for  the  two  smaller  cylinders  and  i  in.  for  the 
two  larger. 

The  speed  at  which  the  engine  is  to  be  run  is  675  revolu- 
tions per  minute.  In  locating  the  engine  in  the  boat  the  high- 
pressure  cylinder  will  be  placed  forward  and  just  back  of  the 
boilers,  allowing  sufficient  space  for  the  engineer  to  stand  and 
operate  them.  Communication  is  maintained  between  the 
engine  and  boiler-rooms  through  a  hole  cut  in  the  bulkhead, 
and  the  space  allowed  for  the  engineer  is  just  large  enough  so 
that  he  will  not  be  cramped  in  his  movements. 

In  dealing  directly  with  the  engines  there  is  a  peculiarity 
in  the  valve  motions  to  which  we  wish  to  call  particular  atten- 
tion. The  cranks  of  the  high-pressure  and  first  intermediate- 
pressure  cylinders  are  placed  exactly  opposite  each  other,  and 
the  cranks  of  the  second  intermediate-pressure  and  low-press- 
ure cylinders  are  also  opposite  each  other,  but  at  right  angles 
to  the  first,  the  crank-shaft  being  made  of  one  piece.  Piston- 
valves  are  used  for  all  cylinders  with  the  exception  of  the  low- 
pressure.  The  two  valves  for  the  high-pressure  and  the  first 
intermediate  cylinder  are  operated  by  the  same  link.  An  ex- 
amination of  the  drawings  will  show  how  this  is  very  readily 
accomplished.  Steam  is  admitted  to  the  center  of  the  high- 
pressure  valve,  and,  as  shown  in  the  drawing,  this  is  moving 
upward  and  lias  opened  the  port  at  the  upper  end  of  the  cyl- 
inder by  the  amount  of  the  lead,  and  at  the  same  time  the 
valve  for  the  first  intermediate  cylinder  has  opened  the  port 
at  the  bottom  of  its  cylinder  by  the  amount  of  the  lead  re- 
quired there.  Thus,  as  the  two  pistons  move  down  and  up  re- 
spectively, the  valve  opens  the  port  at  the  top  and  bottom  of 
these  same  cylinders.  The  high  pressure  exhausts  at  the  end 
of  the  valve,  and  the  first  intermediate  pressure  takes  steam 
at  the  end,  exhausting  out  at  the  center  and  into  the  ends  of 
the  second  intermediate-pressure  valve.  By  this  arrangement 
of  valves  compactness  is  obtained  and  the  number  of  neces- 
sary parts  reduced.  As  the  engine  is  so  exceedingly  light,  it 
has  been  very  essential  that  all  parts  should  be  made  of  the 
best  material's.  The  shafts  and  working  parts  generally  are 
of  forged,  mild,  open-hearth  steel,  and  the  piston  and  con- 
necting-rods are  oil-tempered.  The  shafts  and  crank-pins  are 
hollow,  the  framing  of  the  engine  consists  of  forged  steel  col- 
umns stayed  by  diagonal  braces,  shown  in  the  end  elevation  at 
the  right  of  the  engraving,  in  such  a  way  as  to  give  a  firm 
support  to  the  guides.  The  engine  bed-plate  is  a  steel  plate 
and  rests  directly  on  keelson  plates,  built  in  the  vessel,  and  is 
stiffened  by  an  angle  iron  running  fore  and  aft  on  each  side  of 
the  engine. 

We  have  already  alluded  to  the  extreme  thinness  of  the  cyl- 
inders, which  are  made  of  the  best  quality  of  cast  iron,  as 
hard  as  could  be  properly  worked.  The  cylinder  covers  of 
all  of  the  cylinders  are  about  A.  in.  thick,  but  are  stiffened  by 
i-in.  ribs.  Great  care  has  also  been  taken  that  the  clearance 
spaces  should  be  no  larger  than  is  absolutely  necessary,  and 
the  total  clearance  at  the  two  ends  of  the  cylinders  has  not 
been  allowed  to  exceed  f  in.,  which  has  been  distributed  to 
the  best  advantage.  The  cylinders  are  provided  with  i-in. 
drain  cocks,  connected  so  as  to  be  worked  by  one  lever  that  is 
near  the  reverse  lever.  The  pistons  of  the  first  intermediate- 
pressure  and  low-pressure  cylinders  are  made  of  forged  steel, 
dished,  as  shown  in  the  engraving.  The  high-pressure  piston 
is  made  of  cast  iron  and  weighs  exactly  the  same  as  that  of 
the  first  intermediate-pressure  piston.  The  second  intermedi- 
ate piston  is  also  made  of  cast  iron  and  weighs  the  same  as 
that  of  the  low-pressure  piston,  great  care  having  been  taken 
that  the  reciprocating  parts,  connected  with  opposite  cranks, 
should  have  the  same  weight  in  order  to  lessen  the  vibration. 
The  packing  rings  used  are  A  in.  wide  and  |  in.  apart,  the 
thickness  being  A  in.  for  the  high-pressure,  ±  in.  for  the  first 
intermediate,  and  g  in.  for  the  second  intermediate  and  low- 
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pressure  cylinders.  These  rings  are  made  of  hard  cast  iron 
cut  obliquely  and  sprung  in  without  a  follower,  the  joints 
being  placed  opposite.  Each  piston  is  accurately  fitted  to  the 
bore  of  the  cylinder,  a  play  of  not  more  than  y^j  in.  being 
allowed.  The  mild  steel  used  in  the  manufacture  of  the  pis- 
ton-rods and  other  forged  parts  has  an  absolute  strength  of 
about  80,000  lbs.  to  the  square  inch,  with  an  elongation  of  20 
per  cent,  in  2  in. 

The  main  valves  for  the  intermediate-pressure  cylinders  are 
packed  by  one  cast-iron  ring  and  follower,  as  shown,  but  the 
high-pressure  valve  is  fitted  accurately  without  rings  to  the 
bore  of  the  valve-chamber,  which  is  3  in.  in  diameter.  The 
cross-heads  are  forged  with  the  piston-rods.  Each  cylinder  is 
carried  by  four  forged  steel  columns,  except  over  the  central 
bearings,  where  two  columns  bear  the  weight  between  the  two 
intermediate-pressure  cylinders.  The  bed-plate  is  of  i-in. 
steel  plate  cut  away  for  the  swing  of  the  cranks  and  eccen- 
trics, and  stiffened  by  the  angle  iron  already  referred  to.  The 
shafts  are  of  forged  steel  3  in.  external  diameter,  with  an  axial 
hole  of  3}  in.  diameter,  bored  through  the  center.  The  crank- 
shaft itself  is  7  ft.  11  in.  over  all,  and  carries  a  coupling  disk 
7  in.  in  diameter  and  ^  in.  thick,  forged  solid  to  the  back  end 
of  the  shaft.  This  coupling  is  squared  out  between  the  bolts, 
so  that  a  spanner  wrench  can  be  used  in  turning  the  engine 
by  hand.  The  forward  end  of  the  shaft  projects  9£  in.  be- 
yond the  forward  bearing,  and  is  enlarged  at  this  point  to  a 
diameter  of  3A  in.  for  the  seating  of  the  eccentrics,  from  which 
air-pumps  are  driven.  As  will  be  seen  from  the  engraving, 
there  is  a  journal  on  each  side  of  each  crank  :  this  is  3J  in. 
in  diameter  by  3^  in.  long,  except  between  the  two  interme- 
diate cylinders,  where  there  is  a  journal  3i  in.  in  diameter  and 
5$-  in.  long.  The  crank-pins  have  a  diameter  of  3J  in.  and  a 
length  of  4f  in.  for  all  cylinders,  while  the  cylinder  webs  are 
i±  in.  wide  by  1  }|  in.  thick. 

The  propeller  is  made  of  manganese  bronze,  is  four-bladed, 
36  in.  in  diameter,  with  a  pitch  of  39  in.,  and  a  helicoidal 
area  of  4.1  sq.  ft.  The  working  parts  of  the  machinery  are 
all  fitted  with  lubricators  of  sufficient  capacity  to  run  for  a 
reasonable  length  of  time.  Owing  to  the  high  speed  at  which 
the  engine  is  to  be  run,  it  will  be  readily  understood  that  it 
would  be  impossible  to  use  an  oiler  while  the  engine  is  in 
motion  ;  thus  each  cross-head  journal  take  soil  from  an  over- 
head cup,  and  each  cross-head  guide  is  oiled  by  pipes  leading 
to  about  the  middle  of  each  forward  and  backing  face.  Each 
eccentric  has  its  oil-cup  so  arranged  that  it  will  be  oiled  in  all 
positions.  An  attempt  has  been  made  to  see  to  it  that,  as  far 
as  possible,  all  the  oil  for  the  moving  parts,  except  the  main 
bearings,  are  supplied  from  one  oil-box  on  the  side  of  the  cyl- 
inder with  the  separate  valve  and  cocks  for  each  part  to  be 
oiled. 

The  condenser  is  of  copper  No.  16  B.  W.  G.  thick,  it  is  lof 
in.  internal  diameter  and  5  ft.  long  :  the  tube  sheets  are  made 
of  composition  metal  f  in.  thick.  It  contains  187  seamless- 
drawn  brass  tubes  f  in.  outside  diameter,  giving  a  cooling  sur- 
face of  about  150  sq.  ft.,  measured  on  the  outside  of  the  tubes. 
The  longitudinal  seams  are  brazed.  The  air-pumps  consist  of 
two  double-acting  horizontal  pumps,  worked  from  eccentrics 
on  the  forward  end  of  the  main  shaft.  Each  cylinder  is  3  in. 
in  diameter  and  has  a  stroke  of  3J  in.  Both  the  cylinders  and 
casings  are  in  one  casting.  The  suction  nozzle  is  at  the  in- 
board end  of  the  casing  above  the  cylinders  and  opens  into  a 
suction-chamber  formed  around  the  cylinder.  In  the  center 
of  the  cylinder  there  is  a  slot  i  in.  wide  extending  entirely 
around  the  cylinder  and  connecting  it  directly  with  the  suc- 
tion-chamber. The  thickness  of  the  piston  is  such  that  it  will 
just  give  a  full  port  opening  at  each  stroke,  so  that  there  are 
no  suction-valves,  the  piston  itself  taking  the  place  of  one. 
The  piston  is  hollow  and  is  filled  with  water-excluding  mate- 
rial. The  external  surface  is  fitted  with  grooves  for  water- 
packmir,  ami  is  of  such  a  length  that  it  comes  about  flush  with 
the  cylinder  end  at  each  stroke.  There  is  a  delivery  valve  for 
the  end  of  each  cylinder.  They  are  flat  on  the  face,  and  there 
is  no  more  than  j'j  in.  clearance  between  them  and  the  end  of 
the  piston  when  the  latter  is  at  the  end  of  its  stroke  ;  the  in- 
board valve  is  guided  on  the  piston-rod,  while  the  outboard  is 
guided  by  a  pin  on  the  C3'linder  bonnet,  as  shown  ;  the  valves 
are  kept  on  their  seats  by  conical  springs  of  phosphor  bronze, 
which  are  set  to  produce  a  pressure  of  about  7  lbs.  The 
guides  for  the  connection  between  the  eccentrics  and  the  pis- 
ton-rods are  cast  on  the  inboard  bonnet.  The  eccentrics  that 
do  the  driving  have  a  diameter  of  7J  in.  and  a  wearing  face  of 
1  in. 

When  the  plans  for  this  vessel  were  in  preparation,  estimates 
and  bids  were  asked  from  blower  manufacturers  for  ventila- 
tors and  blower  fans.  While  many  of  them  could  guarantee 
to  fill  the  requirements  for  delivery  and  pressure,  the  weight 
they  required  was  so  far  beyond  that  which  could  be  allowed, 


that  the  department  designed  the  blower  which  is  shown  in 
our  engraving.  It  is  driven  by  a  single  engine,  with  a  cylin- 
der 2  in.  in  diameter  and  a  stroke  of  2  in.  The  piston  is  f  in. 
wide,  is  hollow,  is  packed  by  water  rings,  and  is  screwed 
upon  the  piston-rod.  The  valve  is  a  flat  D-valve  driven  by 
an  eccentric.  The  fan  consists  of  a  disk  of  composition  metal, 
21  in.  outside  diameter,  and  No.  13  B.  W.  G.  On  either  side 
of  this,  blades  are  attached  of  the  size  and  shape  shown  by 
our  engraving.  There  are  12  of  these  on  each  side  of  the 
wheel,  and  they  run  in  a  copper  casing  23  in.  outside  diam- 
eter. The  suction-pipe  leading  to  the  fan  is  101  in-  in  diam- 
eter. 

This  engine  and  fan  has  not  yet  been  placed  in  the  vessel, 
which  is  incomplete,  but  shop  tests  have  been  made  of  it  at  a 
speed  of  2,000  revolutions  per  minute.  Under  these  condi- 
tions it  has  a  delivery  of  6,000  cub.  ft.  of  air  per  minute  under 
a  pressure  of  3  in.  of  water. 

Whether  such  a  vessel  as  this  would  show  great  qualities  as 
a  fighter  remains  to  be  seen,  but  the  designing  of  such  engines 
cannot  fail  to  have  its  influence  in  showing  what  can  be  done 
to  those  who  are  striving  to  obtain  light  motors  for  other  pur- 
poses than  that  of  marine  and  stationary  work. 


BROWN'S  HIGHSPEED  ENGINE. 


Mr.  Charles  Brows,  who  was  formerly  connected  with 
the  Winterthur  Works,  at  Basle,  Switzerland,  has  been  paying 
considerable  attention  of  late  to  the  development  of  electrical 
apparatus.  In  another  column  of  this  paper  will  be  found  a 
description  of  an  electric  car  that  he  has  recently  patented, 
while  in  this  connection  we  illustrate  a  high-speed  engine 
which  he  has  designed.  This  engine  is  of  the  high-speed 
type,  being  intended  to  be  coupled  directly  to  the  armature  of 
the  dynamo  and  to  run  at  the  speed  of  600  revolutions  per 
minute.  The  diameter  of  the  cylinder  is  5.5  in.,  and  the  stroke 
of  each  piston  is  3.9  in.  The  drawing  from  which  our  en- 
graving is  made  bears  the  statement  that  the  effective  pressure 
used  is  10  atmospheres,  or  150  lbs.  per  square  inch,  and  that 
the  engine  is  rated  at  16  H.P. 

As  there  is  a  mark  of  originality  on  everything  emanating 
from  Mr.  Brown,  we  would  naturally  expect  something  out 
of  the  ordinary  run  when  he  sends  a  new  high-speed  engine 
out  into  the  world,  and  we  are  not  disappointed.  At  the  very 
outset  we  are  met  with  a  novelty  in  the  cylinder,  which  con- 
tains two  pistons  running  in  opposite  directions,  and  attached 
to  cranks  set  at  180°.  By  making  the  total  weight  of  all  re- 
ciprocating parts  of  the  two  cylinders  the  same  a  perfect  bal- 
ancing is  obtained.  The  rod  "of  the  lower  piston  is  hollow, 
and  is  screwed  into  its  cross-head,  upon  which  there  are  two 
wrist  pins,  and  from  these  there  are  two  connecting-rods  lead- 
ing to  the  two  cranks  located  on  either  side  of  the  single  crank 
of  the  upper  piston.  The  upper  piston  has  a  solid  rod,  grooved 
for  water-packing,  which  passes  through  the  hollow  rod  and 
is  made  solid  with  its  own  cross-head.  Even  the  connecting- 
rods  are  different  from  the  ordinary.  The  single  rod  of  the 
upper  piston  spreads  out  into  a  T  at  its  upper  end,  and  takes 
hold  of  the  two  wrist-pins  of  the  cross-head.  At  the  lower 
end  there  is  a  shoe  held  between  the  two  arms  of  the  rod  by  a 
bolt.  This  shoe  has  a  composition  metal  bearing  on  the  under- 
side of  the  crank-pin  and  is  stationary,  the  adjustment  for 
wear  being  made  by  the  screw  and  brass  foot  shown  above 
the  pin. 

The  engine  is  single-acting,  after  the  manner  of  the  West- 
inghouse  engine,  with  the  difference  that  here  the  pressure  is 
exerted  upon  both  pistons  at  the  same  time,  and,  as  steam  is 
admitted  to  the  cylinder  at  the  center,  the  strain  on  one  piston 
is  upward,  while  there  is  a  downward  thrust  upon  its  mate. 
If  there  was  a  novelty  in  the  cylinders,  there  is  a  still  greater 
in  the  steam  distribution  and  valve  arrangement.  Steam  en- 
ters at  A,  passes  through  the  throttle- valve  B,  through  C'and  D 
to  the  belt  E,  extending  entirely  around  the  cylinder  and  hav- 
ing openings  shown  by  the  dotted  lines  up  to  the  valve  face 
below  F.  The  valve  is  an  annular  casting  with  a  series  of 
stalls  N  (see  fig.  4)  leading  in  from  the  inner  passageway  F. 
At  the  upper  side  the  valve  carries  the  teeth  of  a  spur-gear,  A", 
that  mesh  in  with  those  of  the  pinion  </,  which  is  keyed  to  a 
vertical  valve-rod.  This  valve-rod  is  given  a  continuous 
rotary  motion  by  means  of  a  worm  1  on  the  main  shaft,  that 
drives  a  wheel  on  the  vertical  valve-rod  already  alluded  to. 
This  motion  is  necessarily  very  much  slower  than  that  of  the 
engine,  and  even  this  speed  is  still  further  reduced  by  the  ratio 
existing  between  the  gear  A' and  the  pinion  ./.  The  speed  of 
the  valve  is  such  that  the  stalls  A'  come  into  line  with  and  open 
the  ports  G  in  the  valve-seat  at  the  proper  time  for  the  admis- 
sion of  the  steam  between  the  pistons.     The  valve,  rotating  in 


Vol.  LXVIII,  No.  io.] 


AND    RAILROAD    JOURNAL. 


461 


one  direction,  is  an  admission  valve  only.  The  exhaust  is  ob 
tained  by  giving  the  pistons  such  a  stroke  that  at  the  extreme 
outer  ends  the  ports  II Hal  the  upper  and  lower  ends  of  the 
cylinder  are  uncovered,  allowing  the  steam  to  exhaust  into 
the  chamber  formed  by  the  spherical  casing,  from  which  it 
escapes  to  the  atmosphere  or  condenser  through  the  2-in.  pipe 
at  the  left  of  fig.  2,  as  indicated  by  the  arrow. 

The  regulation  of  the  speed  is  obtained  by  means  of  a  throt- 
tling governor,  the  construction  of  whose  valve  G  and  other 
details  is  very  clearly  shown  by  fig.  1.  The  fly-wheel  carries 
a  pair  of  bell-cranks,  on  the  short  arms  of  which  are  the 
weights.  As  they  move  outward  under  the  influence  of  cen- 
trifugal force  the  long  arms  are  drawn  in,  acting,  in  turn, 
upon  the  exterior  bell-crank  in  a  manner  that  is  very  readily 
traced  through  to  the  valve  by  reference  to  the  engraving. 

The  similarity  to  the  Westinghouse  engine  once  more  ap- 
pears in  the  dipping  of  the  cranks  into  the  oil-well  at  the  bot- 
tom of  the  frame  at  every  revolution.  The  cellar  is  closed  by 
a  tight  door  shown  at  the  right  of  rig.  2.  This  door  is  kept  to 
place  by  the  hinged  lever  L,  against  which  a  screw  is  forced 
by  the  small  crank  M.  The  fly-wheel  also  carries  oil  in  the 
bottom  of  its  interior,  as  Shown,  by  which  the  moving  parts 
of  the  governor  are  thoroughly  lubricated. 

One  feature  of  the  engine  will  commend  itself  to  all  mechan- 
ics, and  that  is  the  accessibility  of  all  parts  for  easy  inspection 
and  repairs.  The  governor  is  open  to  inspection  and  adjust- 
ment at  all  times  ;  by  draining  the  oil  cellar  the  door  can  be 
opened  by  a  few  turns  of  the  handle  Jt,  and  the  bearings  of 
the  cross-head  reached.  The  cross-heads  are  free  at  all  times 
and  the  valve  is  accessible  after  the  removal  of  the  hemispheri- 
cal casing.  We  have  as  yet  received  no  record  of  the  work 
done  by  the  engine.  As  for  repairs,  it  would  seem  that  the 
principal  point  to  be  looked  to  in  order  to  keep  these  down 
would  be  the  securing  of  a  proper  lubrication  for  the  valve. 


CENTRIFUGAL  PUMPS.* 


By  John  Richards. 


( Continued  from  page  418.) 


II. — History  of  Centrifugal  Pumps. 

I  presume  each  prominent  nation  in  Europe  considers  the  in- 
vention of  centrifugal  pumps  as  belonging  to  their  people,  and 
it  was  a  matter  of  no  concern  until  the  method  came  to  be  ap- 
plied to  useful  purposes,  and  took  its  place  as  a  manufacture, 
but  there  is  scarcely  a  doubt  that  the  first  organized  centrifu- 
gal pump  was  invented  by  Denis  Papin,  about  200  years  ago, 
in  Hesse,  Germany,  where  it  was  called  the  "  Hessian  suck." 
This  pump  of  the  celebrated  Frenchman,  of  which  there  are 
drawings  in  existence,  was  by  no  means  a  bad  one,  and  in  all 
essential  features,  except  a  volute  casing,  corresponded  to  the 
construction  afterward  adopted  in  this  country  in  1818. 

The  celebrated  Dutch  engineer  Huet  says  that  Perreboom 
introduced  the  horizontal  centrifugal  pumps  in  Holland  in  the 
first  years  of  the  nineteenth  century  ;  but  as  no  precise  date  or 
examples  are  named,  some  allowance  can  be  made  for  Huet's 
evident  prejudice  against  centrifugal  pumping,  because  he  in- 
stantly follows  this  remark  with  the  statement  that  30  years 
later  Lipkens  made  his  celebrated  single-acting  pump  for  drain- 
ing Haarlem  Lake.  Huet's  work,  "  Stoombemaling  Van  Pold- 
ers and  en  Boczems,"  1885,  gives  scant  mention  of  centrifugal 
pumping,  although  at  that  time  such  pumps  might  be  said  to 
have  supplanted  to  a  great  extent  the  old  cumbrous  Dutch 
pumps  in  Holland,  as  elsewhere. 

Another  of  the  oldest  drawings,  extant  at  this  time,  is  that 
of  Le  Demours,  a  Frenchman,  dating  from  1733.  It  is  a  kind 
of  "  Barker  mill"  machine,  and  the  forerunnerof  various  oilier 
pumps  on  the  same  principle,  that  of  Barker's  mill  inverted, 
which  have  been  periodically  invented  ever  since — one  within 
the  writer's  knowledge  a  few  years  ago  here  in  California. 
The  same  invention,  or  "  mode  of  operating,"  is  said  to  have 
been  discovered  in  connection  with  reaction  water  wheels  by 
their  overrunning  and  drawing  the  water  from  the  chute  or 
inlet  after  the  gates  were  shut. 

Mr.  Whitelaw,  an  inventor  of  reaction  water  wheels  in  their 
common  or  applied  form,  himself  converted  the  method  to 
pumping  by  centrifugal  force,  and  made  pumps  of  the  sub- 
merged type  that  gave  some  very  good  results,  which  were 
fortunately  tabulated  in  a  careful  manner  in  1849,  at  Johnstone, 
near  Glasgow.  These  tables  contained  factors  for  friction  of 
both  water  and  machinery,  with  exact  measure  of  resistance 
and  power,  that  would  do  credit  to  a  scientific  commission  of 
our  dajT.  The  tables  will  be  given  in  another  place.  White- 
law's  pumps  were  first  made  about  the  year  184S. 

*  Copyrighted,  1894. 


To  begin  at  the  true  beginning,  when  centrifugal  pumps  first 
took  practical  and  useful  form,  we  have  to,  as  before  claimed, 
come  to  the  United  States. 

It  is  a  commonly  entertained  opinion  in  this  country  that 
centrifugal  pumps  were  invented  and  first  applied  in  Europe, 
and  the  art,  to  so  call  it,  is  one  in  which  American  engineers 
and  mechanics  had  but  little  part  down  to  recent  years.  This 
opinion  being,  inferentially  at  least,  promulgated  by  some  re- 
cent articles  on  the  subject  (1886),  has  prompted  the  writer  to 
carry  out  a  long-intended  purpose  of  giving  some  history  of 
this  important  manufacture,  and  establish,  as  far  as  ascer- 
tainable facts  will  serve,  the  part  that  has  been  contributed 
from  the  United  States. 

It  will,  no  doubt,  be  a  matter  of  surprise  to  most  of  our  read- 
ers to  know  that  centrifugal  pumps  as  practical  operative  ma- 
chines are  strictly  and  entirely  an  American  invention,  and  that 
20  years  before  such  pumps  were  made  or  known  in  Europe 
they  had  in  this  country  attained  a  form  and  efficiency  but  lit- 
tle inferior  to  the  best  practice  of  the  present  day,  and  in  some 
respects  superior  to  pumps  that  aie  now  made  and  sold.  This 
matter  will,  in  a  future  place,  be  explained,  and  drawings 
given  of  American  centrifugal  pumps  made  between  lsis  and 
1830,  long  before  any  such  manufacture  was  thought  of  in 
England,  or  on  the  continent  of  Europe. 

THE    MASSACHUSETTS  PUMP. 

A  pump  embodying  almost  every  essential  feature  of  mod- 
ern practice  was  invented  in  Massachusetts  in  1818,  30  years 
before  the  same  thing  was  applied  in  Europe,  and  40  years  be- 
fore there  was  a  modification  there  that  can  be  called  an  im- 
provement. 

The  drawing  (fig. 
13)  is  a  section 
through  what  was 
called  the  Massa- 
chusetts pump  of 
1818.  It,  as  can  be 
seen  at  a  glance,  is 
the  "  parent  of  its 
tribe,"  the  com- 
pleted machine, 
and  in  useful  effect 
would  equal,  if  not 
excel,  either  of  the 
modifications  ex- 
hibited at  London  in 
1851,  33  years  later. 
It  is  proposed,  how- 
ever, in  the  present 
chapter  to  deal  wit  h 
the  chronological 
part  of  the  subject, 
and  discuss  sepa- 
rately the  nieiits 
and  constructive  features  of  the  different  pumps. 

The  Massachusetts  pump  fell  on  barren  ground.  There  was 
at  the  time  but  little  use  in  the  United  Stales  for  such  pumps, 
and  but  scant  means  of  communicating  inventions  over  the 
country.  There  was  land  enough  without  draining  it,  and 
water-raising  except  from  wells  was  exceptionally  required. 
We,  however,  hear  of  the  Massachusetts  pump  finding  its  way 
to  New  York  in  1830,  and  being  exhibited  there  with  very  sat- 
isfactory working  results,  guessed  at  then  no  doubt,  but  ascer- 
tainable even  now  if  it  were  worth  the  trouble. 

The  casing  was  of  rectangular  section,  beveled  from  the 
center  to  the  periphery,  but  not  in  a  degree  to  conform  to  vol- 
ume and  velocity,  as  a  theoretical  pump  of  our  day  would  be, 
but  an  approximation  that  showed  the  inventor  had  an  incep- 
tion of  the  true  working  conditions. 

The  first  pumps  were  made  to  operate  under  water,  like 
those  of  Bessemer  ;  and  I  conjecture  the  improvements  men- 
tioned in  connection  with  the  exhibition  at  New  York  in  1830 
to  be  the  addition  of  side  suction  pipes,  because  the  pumps 
were  exhibited  in  public,  which  could  not  well  have  been  done 
if  they  were  submerged. 

gwynne's  centrifugal  pumps. 

The  Gwynne  pumps,  referred  to  in  the  writings  before 
named,  are"  of  American  origin.  They  were  at  first  an  at- 
tempted and  doubtful  improvement  on  American  methods  well 
known  and  successfully  applied  at  the  lime  ;  not  only  this, 
the  first  experiments  of  Mr.  J.  S.  Gwynne,  the  senior  brother 
among  those  of  the  name  now  comprising  the  firm  of  Gwynne  & 
Co.,  and  J.  &  II.  Gwynne,  of  London,  England,  were  made  in 
Pittsburgh,  Pa.,  iu  1844.  The  first  pump  made  by  Mr.  Gwynne 
was  for  the  Passaic  copper  mine,  in  New  Jersey,  the  location 
of  which  I  am  unable  to  ascertain  at  this  time. 


Fig-   13- 
THE  MASSACHUSETTS  PUMP. 
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FTlCr.  Gwynne's  first  patent  was  taken  out  in  the  United 
States,  from  Xew  York,  where  he  then  resided,  and  where  he 
continued  to  reside  for  some  rears  after  the  great  contest  and 
controversy  with  Appold  at  the  London  Exhibition  of  1851, 
when  such  pumps  were  for  the  first  time  publicly  exhibited  in 
Europe. 

The  pumps  shown  there  by  Mr.  Gwynne  were  called 
••  Gwvnne's  American  Pumps,"  and  it  was,  no  doubt,  in  some 
measure,  due  to  this  fact  that  the  controversy  arose  between 
he.  Easton  &  .Ymos — now  Easton  &  Anderson,  who  exhibited 
the  Appold  pumps— also  with  the  makers  of  what  is  called  the 
Bessemer  pump,  as  will  be  hereafter  explained. 

I  think  the  term  "  Gwynne's  American  Pump"  was  hardly 
correct,  because  Mr.  Gwynne's  alleged  improvements  on  the 
American  pumps,  as  before  intimated,  were  of  questionable 
value,  as  he  would  no  doubt  now  admit ;  at  least  they  form 
no  part  of  his  present  practice,  and,  as  a  matter  that  need  not 
be  one  of  opinion  wholly,  I  will  venture  to  claim  that  had 
the  centrifugal  pumps  as  made  in  America  previous  to  Mr. 
Gwynne's  improvements  been  put  in  competition  at  the  ex- 
hibition of  1851  they  would  have  given  much  better  results 
than  either  of  the  three  that  were  exhibited  there. 

The  drawings  to  be  given  hereafter  will  prove  this,  because, 
in  the  light  of  modern  experience,  the  duty  of  a  pump  of  this 
kind  can  be  very  fairly  ascertained  from  its  construction. 

The  experience  of  Mr.  Gwynne  in  the  United  States  during 
a  term  of  10  years  or  more  was,  in  a  sense,  the  foundation  of 
the  manufacture  that  bears  his  and  his  brother's  names.  This 
manufacture,  which  is  one  of  the  greatest  facts  in  the  recent 
history  of  centrifugal  pumps,  was  but  a  continuance  of  the  art 
transplanted  from  America,  and  for  a  long  time  without  sub- 
stantial improvement  except  in  workmanship  and  strength. 
It  will  not  be  too  much  to  claim  that  after  various  experiments 
and  modifications  the  practice  settUd  down  to  tery  nearly  u-A/if 
it  tr<w  in  this  country  in  1830.  It  went  through  a  cycle  of 
change  and  experiment,  which,  as  will  be  shown  in  a  future 
place,  was  alike  unusual  and  not  flattering  to  engineering 
skill  of  40  years  ago— not  to  be  wondered  at  in  this  case,  how- 
ever, because  the  construction  of  these  pumps  has  even  now 
scarcely  settled  down  into  a  regular  engineering  manufacture. 

The  comparatively  limited  use  for  pumps  of  the  kind  in  the 
United  States,  where  no  lands  were  drained,  where  water-rais- 
ing was  seldom  performed  under  circumstances  requiring  cen- 
trifugal pumps,  permitted  this  manufacture  to  lag  behind.  It 
also  fell  into  the  hands  of  firms  without  engineering  skill,  or 
without  the  skill  and  opportunities  required  to  develop  it  as 
the  firms  of  Gwynne  &  Co.,  and  John  and  Henry  Gwynne, 
have  done  in  England  since  1855. 

The  works  of 
Gwynne  &  Co.  were 
situated  at  the  water 
side,  just  south  of  the 
Temple  in  London. 
The  ground  on  which 
these  works  stood  was 
acquired  by  the  Com- 
missioners for  the 
Victoria  Embank- 
ment, and  the  works 
were  moved  back  to 
a  position  almost  op- 
posite the  Temple 
Station  of  the  Metro- 
politan &  District 
Railway. 

The  works  of  John 
and  Henry  Gwynne 
are  at  Hammersmith, 
8  or  10  miles  west- 
ward on  the  Thames, 
and  among  the  engi- 
n  e  e  r  i  n  g  manufac- 
tures of  England  it  is 
to  be  questioned 
whether,  on  the 
grounds  of  careful 
workmanship,  the 
selection  of  material, 
or  general  good  qual- 
ity, there  is  any  branch  more  carefully  conducted. 

The  pumps,  as  before  claimed,  have  gone  through  a  maze 
of  modification  both  in  England  and  on  the  Continent.  There 
has  been  retrogression  as  well  as  advance,  and,  except  in  the 
case  of  Messrs.  Gwynne  and  some  other  firms  that  follow 
them,  there  is  not  much  beyond  the  American  practice  of  50 
years  ago. 

Mr.  Gwynne,  in  his  patent  of  1S51  in  the  United  States, 


Fig.   14. 
EARLY  GWYNNE  PUMP. 


begins  his  claims  by  saying,  ■  I  do  not  claim  to  be  the  inventor 
of  centrifugal  pumps,"  and  after  other  negation  to  qualify  his 
discoveries,  confines  his  positive  claims  to  certain  mechanical 
details,  which,  as  before  remarked,  have  long  ago  disappeared 
in  his  own  practice,  and,  so  far  as  I  know,  never  had  place  in 
any  machines  except  those  made  soon  after  1850.  The  pump 
for  the  Passaic  copper  mine  was,  we  my  infer,  in  its  main 
features,  similar  in  construction  to  those  exhibited  in  London 
in  1851. 

This  latter  was  an  encased  impeller  pump  with  an  arrange- 
ment to  protect  the  back  of  the  disk  from  pressure,  there  being 
a  single  inlet  at  one  side.  It  was  carefully  engraved  at  the 
time,  and  can  be  examined  in  the  patent  and  other  references 
now  available.  It  was  called  "  Gwynne's  Direct- Acting,  Bal- 
anced-Pressure Centrifugal  Pump,"  aDd  called  also,  as  before 
mentioned,  "  Gwvnne's  American  Pump."  It  is  shown  in 
fig.  14. 

BESSEMER   CENTRIFUGAL   PUMP. 

Messrs.  Gwynne,  Appold,  and  Bessemer  were  exhibitors  of 
rival  pumps  at  the  exhibition  of  1851,  and  out  of  a  controversy 
that  arose  there  we  are  indebted  for  some  history  of  American 
pumps  that  would  otherwise  no  doubt  be  lost.  Our  meager 
records  of  that  time,  and  a  period  of  no  record  of  inventions  to 
speak  of,  from  1818-17,  has  left  us  without  history  of  early 
practice  in  this  country,  but  in  order  to  combat  some  of  the 
claims  made  by  Mr.  Bessemer  (now  Sir  Henry)  Mr.  Gwynne 
and  his  friends*  were  obliged  to  bring  forward  accounts  and 
descriptions  of  the  American  pumps  that  formed  the  basis  of 
Mr.  Gwynne's  practice.  This,  however  unwillingly  it  were 
done,  was  unavoidable,  because  Sir.  Bessemer  had  attached  to 
his  pump  at  the  exhibition  a  placard  bearing  the  following  in- 
scription : 

"This  model  of  a  centrifugal  pump  for  forcing  fluids  is 
made  in  rigid  accordance  with  the  specification  of  Mr.  Besse- 
mer's  patent,  dated  December  5,  1845,  being  the  first  recorded 
invention  for  impelling  fluids  by  centrifugal  force  by  a  revolv- 
ing disk." 

This  pretentious  claim  will  appear  a  little  ridiculous  in  Ihe 
light  of  the  facts,  unless  the  word  "  recorded"  is  employed  as 
a  qualification  ;  at  any  rate,  it  gave  offense  to  Messrs.  Gwynne 
and  Appold,  and,  as  before  remarked,  caused  a  controversy 
between  the  commissioners  and  jurors  of  the  exhibition  as  well 
as  exhibitors. 

Xo  doubt  Mr.  Bessemer  had  made  an  original  invention  so 
far  as  he  was  concerned,  and  discovered  the  employment  of 
centrifugal  force  for  " impelling  fluids."  He  was.  in  fact,  en- 
gaged in  making  centrifugal  drying  machines  for  sugar,  and, 
no  doubt,  at  the  time  had  more  to  do  with  centrifugal  appa- 
ratus as  an  element  in  machine  construction  than  any  engineer 
then  living.  His  pumps  as  then  made,  subsequently  improved 
and  patented  again  in  1849,  bear  in  many  respects  close  anal- 
ogy to  centrifugal  drying  machines.  One  idea  was  born  of 
the  other,  or,  as  might  be  said,  one  idea  is  almost  the  same  as 
the  other,  and  it  would  be  quite  unfair  at  this  time  to  detract 
from  the  importance  of  Bessemer's  invention,  however  much 
we  may  differ  from  the  particular  methods  of  application  and 
use. 

The  adaptations  shown  in  his  elaborate  patent  of  1849  ex- 
hibit a  fertility  of  experience  and  acquaintance  with  construc- 
tive mechanics  that  remains  remarkable  even  to  this  time. 

The  controversy  mentioned  culminated  in  a  challenge  from 
Mr.  Gwynne  to  operate  the  pumps  in  competition  for  a  year, 
the  losing  competitor  to  pav  £1000  into  the  treasury  of  the 
London  Mechanics'  Institution.  This  challenge  was  not  ac- 
cepted. 

BEPORT   OF   THX   UNITED   STATES    COMMISSION    AT    VIENNA. 

A  claim  to  original  discovery  of  particular  inventions  on 
national  grounds  is  in  many  cases  silly  and  provincial,  but  in 
the  present  is  so  marked  and  has  been  so  ignored  that  its  re- 
view will  be  a  matter  of  common  fairness,  especially  as  com- 
mon opinion  in  the  matter  is  to  some  extent  based  on  the  re- 
port of  the  American  Expert  Commission  sent  to  the  Vienna 
Exposition  in  1873.  To  this  report  is  due,  unfortunately,  in  a 
great  measure  the  idea  of  centrifugal  pumps  being  of  Euro- 
pean origin.  This  report  is  a  remarkable  one,  not  only  in  a 
distortion  of  facts,  but  in  the  ignorance  of  hydrodynamics 
which  it  presents. 

Without  wasting  space  to  quote  further  from  this  report,  the 
following  salient  points  appear  (see  pages  193  et  seo.) : 

"(1)  Appold  was  the  introducer  of  this  class  of  pumps  ;  (2) 
they  are  misnamed  centrifugal,  because  they  do  not  operate  by 
centrifugal  force  at  all ;  (3)  they  operate  by  pressure  the  same 
as  a  turbine  water  wheel  ;  (4>  when  people  understand  their 
method  of  operating  we  may  expect  much  improvement ;  (5) 
they  should  have  disk  runners,  because  the  fan  wheels  will 
soon  wear  out." 
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This  much,  I  think,  will  ilo.  This  extraordinary  report 
stands  printed  in  a  Government  publication,  signed  by  men 
who  were,  or  are,  eminent  in  mechanics,  and  we  can  only  de- 
plore the  stupidity  as  well  as  presumption  of  the  commis- 
sion who  thus  disposed  of  a  subject  that  had  twenty  years  be- 
fore been  carefully  investigated  by  such  men  as  Sir  John  Reu- 
nie,  Professor  C'owper,  Mr.  Whitelaw,  Dr.  James  Black,  Pro- 
fessor Rankine,  and  many  others.  The  most  astonishing  part 
is,  however,  that  this  report  was  passed  and  signed  by  men 
who  we  can  hardly  suppose  would  fail  to  perceive  its  absurdity. 

BLAKE'S   PUMP. 

Returning  again  to  American  pumps,  in  1831  Messrs.  Blake, 
of  the  New  Steam  Mills,  in  Connecticut,  invented  one,  shown 
in  fig.  15,  and  well  worthy  of  attention  here  as  being  the  first 
of  its  type,  and  almost  identical  with  Bessemer's  of  1843  and 
1849.  It  is,  in  fact,  the  better  machine  if  carefully  compared, 
but  subject,  like  nearly  all  disk  pumps,  to  lateral  thrust  upon 
the  impeller  that  would  cause  difficulty  in  working. 


Fig-   IS- 

It  was  in  every  sense  a  "  departure,"  and  is  by  no  means 
obsolete  at  this  day  for  high  lifts.  The  force  of  the  issuing 
water,  or  its  tangential  energy,  is  lost,  as  may  be  seen  by  the 
annular  casing  and  change  of  the  water's  course,  but  this  loss 
has  to  be  measured  by  the  relative  speed  between  the  wheel  and 
off-flowing  water,  as  has  been  explained.  This  invention  has 
of  right  a  prominent  place  in  the  history  of  centrifugal  pumps. 

Andrews'  pcmp. 

The  next  American  pump  to  follow  was  that  of  Andrews, 
invented  or  published  in  1839,  the  first  American  pump  with  a 
cylindrical  discharge  chamber.  If  the  Massachusetts  pump 
came  near  anticipating  our  best  modern  practice,  the  Andrews 
pump  completed  the  matter,  and  leaves  room  for  the  lament 
of  Lord  Byron  that  "  those  thieving  ancients  have  stolen  all  of 
our  modern  ideas." 

The  construction,  in  side  view,  is  identical  with  the  Massa- 
chusetts pump  invented  in  1818,  and  shown  in  fig.  13,  the 
difference  not  demanding  a  new  drawing,  Andrews'  inven- 
tion relating  to  a  cylindrical  chamber  at  the  vane  tips.  Ex- 
cepting the  straight  vanes  and  one  or  two  less  important 
points,  the  pump  is  capable  of  high  duty,  and  conforms  very 
nearly  to  good  modern  practice  for  dredging  purposes. 

The  effect  of  curved  vanes,  as  has  been  explained,  is  de- 
pendent on  speed  or  pressure,  and  is  not  a  qualifying  factor  of 
the  pump's  duty  unless  pressure  be  included,  and  it  is  safe  to 
claim  that  for  low  heads  this  American  pump  of  1839,  made 
long  before  any  such  machine  was  known  in  Europe,  is  capa- 
ble of  a  duty  within  10  per  cent,  of  the  best  modern  perform- 
ance, and  its  only  distinguishing  feature,  comparing  with  its 
predecessor,  the  Massachusetts  pump  of  1830,  is  a  casing  of 
cylindrical  section  not  differing  at  all  from  the  patterns  in  use 
at  the  present  time  by  several  makers  in  the  Eastern  States. 

The  transverse  section  of  the  pump  would  show  the  "  water- 
way" diminished  from  the  inlet  to  the  periphery  to  conform 
as  nearly  as  practicable  to  volume  and  velocity  ;  in  fact  it  was 
in  this  respect  much  better  proportioned  than  many  pumps 
now  being  made  and  sold.  This  pump,  let  it  be  remembered, 
was  produced  and  publicly  known  five  years  before  Mr. 
Gwynne's  experiments  at  Pittsburg,  and  at  a  time  and  place 
that  leaves  only  the  Massachusetts  pump  as  a  possible  prece- 
dent. 

We  must  not,  however,  detract  from  the  last-named  pump 
further  than  to  call  Andrews'  an  improvement.  It  is  a  step 
further  in  the  art,  and  a  very  possible  invention  that  any  one 
might  make,  and,  no  doubt,  a  result  of  improvement  in  me- 
chanical facilities  for  making  the  casing  of  two  pieces  of  cast 
iron,  and  the  water  duct  of  cylindrical  section. 


whitelaw  s  PIMP. 

This  brings  us  down  to  the  time  of  Whitelaw 's  experiments 
at  Johnstone,  near  Glasgow,  in  Scotland.  The  exact  time  is 
not  known,  but  it  was  between  1847  and  1849.  Sir.  Whitelaw 
was  the  inventor  of  a  water  wheel  that  bears  his  name,  and  his 
pumps,  which  he  describes  as  "  especially  suited  for  draining 
lands,"  are  in  most  respects  an  "inversion"  of  his  water 
wheels. 

Fig.  16  will  give  an  idea  of  the  arrangement,  which  differs 
but  little  from  pumps  erected  within  a  few  years  past  by 
thorough  engineering  firms  in  England,  and  also  of  some  made 
from  the  writer's  designs  now  in  use  in  California. 

The  most  remarkable  feature  of  Mr.  Whitelaw's  experiments 
is  the  very  complete  knowledge  of  hydrodynamics  they  show. 
The  following  are  four  out  of  nine  columns  in  tables  he  pre- 
pared from  experiments  to  determine  the  efficiency  attained 
by  his  pumps  : 


No.  of 

Experi- 
ments. 

Revolutions  of 
the  Pump. 

Loss  by  Fric- 
tion and  other 
Resistance  in 
the  Pnmp. 

Loss  by  Force 

of  Water  after 

Leaving  the 

Pump. 

Efficiency. 

Power  of  Pump 

Motor  being 

100. 

1 
2 
3 
4 

5 

327.6 
278.4 
226.8 
199.0 
182.0 

19.370 

12.780 

7.027 

4.466 

2.984 

7.314 
9.462 
13.980 
Id. 620 
23.780 

69.23 
73. 18 
79.67 
75.78 
76  48 

The  power  was  measured  by  a  dynamometer  of  delicate  con- 
struction, and"  the  experiments  in  every  way  conclusive.  The 
formula?  employed  in  his  computations  can  be  found  in  the 
Practical  Mechanics'  Magazine  of  1850. 

There  is  an  erroneous  opinion  existing  respecting  the  effi- 
ciency of  pumps  of  this  kind,  of  which  more  will  be  said  here- 
after ;  at  present  1  will,  however,  point  out  that  the  eflect 
produced  by  Mr.  Whitelaw  with  his  submerged  wheel  was  7 
per  cent,  better  than  anything  attained  in  the  exhibition  of 
1867,  and  might  have  been  much  more  if  the  uptake  had  been 
an  annulus— that  is,  the  main  casing  filled  in,  so  the  discharge 
energy  would  not  have  been  lost  in  the  large  body  of  nearly 

still  water  above 
the  wheel. 

The  next  stage 
in  centrifugal- 
pump  history  in- 
cludes the  experi- 
ments of  Messrs. 
Gwynne,  Appold 
and  Bessemer,  of 
which  some  ac- 
count has  already 
been  given. 

The  pumps  pro- 
duced by  Gwynne 
we  can  presume  to 
be  the  same,  or 
analogous  to,  the 
one  patented  in 
1850,  and  shown 
in  fig.  14.  This 
pump  affords 
room  for  extended 
comment,  which 
must,  however,  be 
passed  over  here. 
It  was  the  one 
shown  in  compe- 
tition with  the 
Bessemer  and  Ap- 
pold pumps  at  the 
exhibition,  and  by 
no'means'so'good  a'one  as  its  predecessors  in  America,  although 
more  expensive  and  complicated.  In  support  of  this  opinion 
I  have  only  to  refer  to  Messrs.  Gwynnes'  modern  practice. 
The  discharge  chamber  was  annular,  as  shown  in  the  side  view. 

BESSEMEKS   CENTRIFUGAL  PUMP. 

In  1845  Henry  Bessemer,  now  Sir  Henry,  invented  and 
patented  his  centrifugal  machine  or  pump,  before  referred  to. 

It  is  not  necessary  to  give  drawings  of  this  machine.  It  had 
simply  an  encased  impeller,  or  "  runner,"  as  we  now  say  in 
this  country,  revolving  in  a  free  chamber  or  casing,  the  dis- 
charge or  tangential  force  of  the  water  being  neutralized  and 
lost  in  the  surrounding  body  or  stratum.     The  writer  has  rea- 


Fig.   16.; 
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son  to  understand  these  pumps,  having  himself  gone  through 
perhaps  the  same  chain  of  experiments  and  reasoning  40 
-  later,  but  with  a  different  result.  The  principle  or 
method  of  operating  was  found  applicable  to  high  heads  or 
high  pressure,  the  loss  of  power  being  to  a  great  extent  com- 
p  nsaled  in  other  ways. 

The  pumps  of  Mr.  Bessemer  constituted  a  kind  of  "  round- 
about" war  of  attaining  a  simple  result,  and  contained  some 
kind  of  a  pneumatic  attachment  that  we  need  not  now  trouble 
ourselves  to  even  inquire  about,  and  much  less  to  describe. 
The  pump,  aside  from  its  last-named  feature,  which  was  no 
essential  part  of  il,  had  been  not  only  anticipated,  but  exceed- 
ed by  Blake's  of  1831,  shown  in  fig.  15,  which  was  a  better 
and  more  simple  machine,  embodying  all  the  operating  fea- 
tures of  its  pretentious  successor  of  14  years  later. 

I  am  not  at  all  astonished  at  Mr.  Gwynne's  resentment  re- 
specting the  Bessemer  pump,  or  the  Appold  pump  of  Easton  & 
Anderson.  Both  of  them  were,  in  a  sense,  "upstarts,"  as 
their  subsequent  history  has  proved.  We  must,  however, 
cincetle  to  Mr.  Bessemer,  and  no  doubt  to  Easton  &  Anderson 
that  they  were  not  aware  of  what  had  been  done  in  this 
country  more  than  30  years  before. 

In  1846,  after  the  Andrews  pump  had  been  applied  toa  great 
variety  of  purposes  in  this  country,  it  was  improved  and  again 
patented  both  here  and  in  England,  Messrs.  Gwynne  &  Co. 
acquiring  the  right  for  that  country. 

At  this  date  we  find  the  encased  or  closed  impeller  so  nearly 
conforming  to  the  present  form  that  its  invention  may  with 
all  fairness  be  ascribed  to  Mr.  Andrews,  and  claimed  for  this 
country.  This  has  been  conceded  by  impartial  English  au- 
thority of  6  years  later,  and  adds  another  to  the  claims  that 
can  be  made  in  respect  to  the  oriein  of  centrifugal  pumps  in 
the  L'nited  States. 

In  the  same  year  (1S46^  Messrs.  Von  Schmidt,  of  New  York, 
patented  in  this  country  a  new  modification  of  centrifugal 
pumps,  an  adaptation  or  change  of  the  Andrews  pump,  but 
having  no  claims  beyond  its  early  date  that  need  receive  atten- 
tion here.  A  glance  at  the  drawings  of  the  Von  Schmidt 
pump  will  show  that  the  theory  of  their  action  was  not  very 
well  understood. 

THE   APPOLD   POTP. 

In  1848,  2  years  later,  we  come  to  the  celebrated  Appold 
pump,  and  the  first  comment  must  be  that  there  was  no  reason 
for  celebrity  in  the  case.  The  Appold  pumps  were  made  by 
-:-.  Easton  &  Amos,  now  Easton  &  Anderson,  of  London, 
then  and  now  very  celebrated  hydraulic  engineers  ;  but  in  so 
far  as  Appold's  pump  the  only  new  feature  was  the  curved 
blades  conforming  to  the  Barker  mill  pumps  that  had  preced- 
ed. Appold's  first  pumps  had  diagonal  vanes  set  at  an  angle 
of  4-5  from  a  diametrical  line,  afterward  altered  to  those 
curved  backward.  The  want  of  novelty  in  this  is  sufficiently 
proved  by  the  fact  that  no  patent  could  be  procured  on  this 
alleged  invention. 

In  some  cases  for  low  heads,  where  a  pump's  work  is  per- 
formed by  impact,  or  "  mechanical  push."  it  may  be  called, 
more  than  by  centrifugal  force,  curved  vanes  of  the  Appold 
form  would  not  only  have  no  useful  effect,  but  cause  a  lower 
efficiency. 

The  change  of  Appold's  wheel  or  disk  from  a  tapered  sec- 
tion, with  a  discharge  orifice  of  narrow  width,  to  one  with 
paiallel  sides,  shows  that  at  least  one  of  the  main  laws  of 
hydraulics,  a  change  of  velocity  without  change  of  volume, 
not  known  or  else  was  disregarded.  Even  recently,  how- 
erer,  one  mathematical  authority  has  assumed  that  the  con- 
:ng  wheels  were  of  no  importance,  ignoring  the  friction  of 
the  broad  vane  tips,  overrunning  the  water  as  six  to  one  at  a 
head  of  40  ft. 

On  the  whole  we  are  justified  at  this  distance  of  time,  when 
the  merits  of  various  methods  have  been  demonstrated  by  ex- 
perience, in  concluding,  as  before  intimated,  that  the  reputa- 
tion of  the  makers  and  the  contest  at  the  London  Exhibition 
of  1851  did  more  to  make  the  Appold  pump  known  than  its 
working  merits. 

-  .'^sequent  tests,  notably  one  at  the  Chatham  Dockyard,  in 
mil,  and  one  at  Trafalgar  Square.  London,  showed  that 
rnwever  important  the  curved  vanes  might  be,  other  features 
of  the  pump  were  bad  or  wanting.  Jlessrs.  Easton  &  Ander- 
sin  have,  however,  constructed  some  of  the  best  and  most  effi- 
cient centrifugal  plants  known. 

The  fact  is  that  the  controversy  of  1851,  so  often  mentioned 
here,  removed  the  pump  matter  from  the  field  of  engineering 
investigation  to  one  of  commercial  contention.  In  respect  to 
vanes,  for  example,  there  were  at  the  time  in  England  plenty 
of  engineers  and  scientific  men  who  could  have  developed  from 
mathematical  data  the  true  and  best  form  for  pump  vaues  at 
different  heads. 


It  is  true  Professor  Rankine  defined  a  form  of  vanes  which 
did  not  give  a  good  result  under  certain  circumstances.  I  am 
speaking  from  memory,  not  having  seen  the  drawings  for 
some  years  past,  but,  as  now  remembered,  Rankine's  proposed 
vanes  were  suited  for  low  heads  only,  and.  no  doubt,  his  com- 
putations were  correct,  as  all  must  be  if  the  premises  are  not 
mistaken  ;  I  may  also  remark,  in  respect  to  Appold's  wheels, 
that  computation  would  not  in  any  case  have  produced  vanes 
of  a  true  curve  such  as  are  shown  in  drawings  of  his  pumps 
made  at  the  time. 

Bessemer's  second  patent  of  1849.  a  treatise  it  might  be 
called  on  the  general  and  special  adaptations  of  Mr.  Bessemer's 
pumps  to  various  purposes,  is  an  interesting  study  at  this  day. 
His  pumps,  as  before  remarked,  can  be  explained  by  referring 
to  Blake's  pump,  fig.  15,  which  is  typical  of  all  the  modifica- 
tions in  Bessemer's  patent  of  1849,  and  already  sufficiently  dis- 
cussed. Then  followed  Gwynne's  improved"  pumps,  and  to 
Messrs.  Gwynnes'  credit  be  it  said,  the  workmanship  on  cen- 
trifugal pumps  and  the  engines  to  operate  them  reached  in 
the  hands  of  this  firm  a  perfection  that  perhaps  no  other  branch 
of  similar  engineering  work  could  at  the  time  excel.  The  effi- 
ciency attained  with  centrifugal  pumps  was,  by  this  time,  such 
that  Harvey's  compound  direct  engines,  employed  to  drain 
Haarlem  Lake  in  Holland,  could  have  been  excelled  in  perform- 
ance at  one-half  the  original  cost  had  centrifugal  pumps  been 
employed  for  the  same  work. 

It  has  been  extremely  difficult  to  ascertain  the  dates  hereto- 
fore given.  They  reach  back  but  76  years,  but  have  .been 
found  in  fragments,  and  are  far  from  orderly  arrangement 
here. 

THE   PROGRESS   OF  THE    "ART." 

It  is,  perhaps,  in  all  cases  unfair  to  indulge  in  censorious 
opinion  respecting  the  past  history  and  rise  of  an  engineering 
manufacture,  or  the  development  of  a  new  class  of  machinery, 
but  if  there  ever  was  a  case  where  such  opinion  was  justifiable, 
that  of  centrifugal-pump  progress  is  such  a  case. 

For  more  than  half  a  century  the  pumps  remained  prac- 
tically where  they  began.  "  The  last  was  like  unto  the  first," 
and  during  this  period  there  was  mistake,  retrogression  and  a 
failure  to  discern  simple  elementary  principles  that  surpasses 
present  belief. 

To  prove  this,  one  has  only  to  compare  the  first  American 
pumps  of  1818  with  those  now  made  in  this  country,  and  by 
Gwynne,  Allen,  Drysdale  and  others  in  Europe  at  lie  present 
day.  This  is  enough  to  show  how  little  has  been  changed  or 
improved,  but  it  fails  to  in  any  degree  indicate  the  practice 
that  has  intervened. 

The  dynamical  laws  or  principles  involved  in  the  operation 
of  centrifugal  pumping  seem  to  present  but  little  of  the  com- 
plicity attendant  on  heat  engines,  or  in  dealing  with  expansive 
gases.  The  problem  is  simple  in  comparison  with  the  mathe- 
matics of  projectiles,  of  turbine  water  wheels,  or  a  dozen  other 
things  that  might  be  mentioned,  that  have  arisen  and  been  dis- 
posed of  during  the  time. 

Centrifugal  pumps  have  gone  through  a  development  of  ex- 
periment by  mechanical  expedients,  a  method  generally  slow  and 
uncertain,  not  wholly  so,  however,  because  in  1848  we  2nd  Mr. 
AVhitelaw  making  computations  involving  all  the  principal  con- 
ditions of  centrifugal  pumping.  Still  further  on,  however,  we 
find  the  celebrated  Mr.  Rankine  suggesting  curves  for  the  vanes 
of  such  pumps,  at  variance  with  the  almost  universal  Appold 
form. 

Encased  impellers  have  been  one  of  the  stumbling-blocks 
over  which  nearly  all  pump-makers  have  made  their  way. 
Blake,  Gwynne  and  Andrews  in  America,  and  Bessemer  in 
England,  have  all  contributed  to  this  error,  if  error  it  be,  and 
within  a  few  years  past  the  same  old  round  has  been  gone  over 
again  by  a  firm  in  Massachusetts  that  adopted  the  Gwynne 
pump  in  other  respects,  but  at  first  employed  a  Bessemer  or 
Andrews  impeller.  In  a  recent  number  of  the  Engineer,  Lon- 
don, appears  in  an  advertisement  various  sizes  and  adaptations 
of  centrifugal  pumps,  all  constructed  with  encased  impellers. 
The  writer  and  some  other  makers  in  California  followed  the 
same  course,  and,  as  before  remarked,  this  thing  has  been 
taken  up  and  at  some  time  abandoned  by  nearly  all  promiuent 
makers  of  centrifugal  pumps. 

The  causes  for  this  are  not  difficult  to  trace.  There  has  al- 
ways been  a  desire,  for  commercial  and  other  reasons,  to  em- 
ploy a  single  inlet  at  one  side  of  the  pumps.  This  simplifies 
the"  construction,  saves  a  great  deal  in  first  cost,  makes  the 
water-ducts  more  direct  and  free,  and  all  parts  more  accessi- 
ble. To  accommodate  this  construction,  seen  in  Mi .  Gwynne's 
pump  of  1850,  there  was  difficulty  in  balancing  the  inclosed 
wheel — that  is,  compensating  for  the  draft  on  the  inlet  side. 

Open  vanes,  like  those  inlhe  Andrews  pump  of  1839,  avoid 
the  thrust,  but  such  vanes  to  be  made  of  cast  material  require 
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a  web  or  diaphragm  to  support  them,  and  as  soon  as  this  was 
introduced  the  thrust  became  destructive,  not  only  equaling 
the  indraft  or  suction,  but  the  whole  area  of  the  back  of  the 
disk  or  diaphragm  became  subject  to  a  pressure  equal  to  that 
in  the  discharge  pipe. 

;  There  is  a  recognition  of  this  difficulty  by  Mr.  J.  S.  Gwynne 
in  1850,  and  his  ingenious  attempt  to  balance  inclosed  impel- 
lers by  a  vacuum  or  free  space  at  the  back.  This  is  very  com- 
plimentary to  his  engineering  insight  at  the  time,  and  it  is  a 
question  now  whether 
there  is  any  true  under- 
standing among  engineers 
of  the  function  to  be  per- 
formed by  the  balancing 
chamber  described  in  his 
patent  of  1851.  It  seems 
to  be  a  vacuum  chamber 
to  balance  the  draft  of  the 
suction,  but  is,  in  fact,  to 
protect  that  much  of  the 
area  of  the  back  of  the  im- 
peller from  the  pressure 
within  the  casing. 
F^This  subject  was  dis- 
cussed in  a  paper  read  be- 
fore the  British  Associa- 
tion, at  Norwich,  Eng- 
land, in  1868,  by  John  and 
Henry  Gwynne,  and,  since 
that  time  at  least,  open 
impellers  have  been  a  con- 
stant feature  of  their  prac- 
tice, and  is  no  more  than 
a  return  to  the  principle 
of  the  Massachusetts  and 
Andrews  pumps  of  40 
years  before. 

0  The  adoption  of  open 
wheels  or  impellers,  it 
was  supposed,  called  for  a 
double  or  balanced  suc- 
tion, as  the  single  inlet 
forced  the  employment  of 
an  inclosed  or  double-disk 
runner.  It  was  a  cycle  of 
experiment  running  over 
a  period  of  40  years,  and 
ending  where  it  began,  if 
we  do  not  include  the  form 
of  the  vanes. 

Nothing  has  been  said 
of  French  practice,  and 
the  writer  must  confess  to 
some  prejudice  in  the 
matter,  because  of  certain 
reports  about  the  year,^ 
1866,  when  there   was  a 

competitive  test  of  some  Gwynne  pumps  with  those  made  by 
M.  Coignard,  of  Paris.  The  Gwynne  pumps  were  set  down  as 
working  at  a  duty  of  35  per  cent.,  while  the  Coignard  pumps 
realized  nearly  double  the  same  effect.  Looking  at  the  con- 
struction in  the  two  cases,  and  making  such  deductions  as  a 
fair  inference  would  afford,  we  must  conclude  the  report  was 
of  no  value,  and  its  statements  impossible.  Since  then 
M.  Farcot,  of  Paris,  has  produced  some  fine  examples  of 
centrifugal  pumps  for  various  purposes,  some  of  them  to 
operate  against  a  head  of  30  meters,  and  large  pumps  of  excel- 
lent design,  such  as  have  been  erected  on  the  river  Nile  in 
Egypt. 

French  engineers  have  developed  a  good  deal  in  compound- 
ing pumps,  and,  I  believe,  first  invented  the  double  or  multi- 
ple impellers,  one  discharging  into  another,  to  be  used  in  the 
case  of  high  heads,  I  am  not  sure,  however,  whether  Mr. 
Gwynue's  compound  pumps  were  first  proposed  or  not.  It  is 
not  a  matter  of  much  importance  either  way,  because,  all 
things  considered,  it  is  doubtful  whether  compounding  is  a 
construction  to  be  recommended  beyond  certain  exceptional 
cases.  The  problem  involves  questions  not  answerable  by 
computation.  It  is  one  of  mechanism  and  endurance,  which 
future  experience  must  determine,  so  that  if  added  by  our 
French  friends  to  modern  pump  practice  it  must  stand  as  a 
feature  of  questionable  value. 

While,  as  pointed  out  in  the  beginning,  the  invention  of 
practical  centrifugal  pumps  belongs  in  America,  their  develop- 
ment and  application  in  an  extensive  way  was  for  a  long  time 
mainly  the  work  of  English  engineers.  The  draining  of  marsh 
and  overflowed  lands,  and  for  graving  docks,  are  the  principal 


purposes  to  which  the  larger  class  of  centrifugal  pumps  art 
applied,  and  neither  of  these  wants  had.  down  to  10  vears  at'o, 
existed  to  any  extent  in  the  United  States. 

The  draining,  irrigation  and  reclamation  of  land,  while  it  is 
to  some  extent  owing  to  the  physical  circumstances  of  a  coun- 
try, is  mainly  a  matter  of  the  value  of  land  and  its  scarcity. 
In  some  cases,  as  in  California,  to  great  fertility,  but  except 
on  the  Pacific  Coast  there  has  been  until  very  recently  no  need 
of  water-raising  for  these  purposes,  at  least  not  enough  to 
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cause,  as  in  Europe,  a  complete  development  of  the  most  suit- 
able machinery  for  the  purpose. 

At  present  there  is  a  change  going  on.  The  cultivation  of 
rice  in  the  Southern  States,  and  of  cranberries  and  some  other 
crops  in  the  Northern  States,  the  enhanced  value  of  marsh  land 
near  large  cities,  and  the  greatly  increased  value  of  alluvial 
plains,  begin  to  call  for  the  development  and  improvement  of 
water-raising  appliances. — Industry, 

(to  be  coxtlntted.) 


ELECTRIC  RAILROAD  FROM  GETTYSBURG  TO 
BALTIMORE. 


The  sketch  map  herewith  shows  the  location  of  an  electric 
railroad  which  is  intended  to  connect  the  now  historic  G« 
burg  with  Baltimore.  To  those  unfamiliar  with  this  section 
of  country  it  should  be  said  that  most  of  the  southern  portion 
of  Pennsylvania,  indicated  on  the  map.  and  a  considerable 
part  of  Maryland  lying  between  it  and  Baltimore,  is  very  rich 
farming  land,  and  is  thickly  settled.  In  the  pre-railroad 
period,  early  in  this  century,  turnpike  roads  were  built 
through  this' region  to  Baltimore,  and  the  produce  in  the  sec- 
tion shown  on  our  map  and  from  far  beyond  it  was  hauled  to 
Baltimore  on  what  were  known  as  Conestoga  wagons,  which 
were  drawn  by  four,  six.  and  sometimes  eight  horses.  The 
writer  recalls  that  in  his  schoolboy  days  these  wagons  passing 
through  his  native  place— which  was  Hanover,  and  is  indi- 
cated on  the  map — were  a  daily  sight,  passing  up  and  down 
on  the  turnpike,  shown  by  dotti-d  lines.     This  road  extended 
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from  Hanover  to  Reisterstown,  and  also  extended  northward 
to  Carlisle  and  Harrisburg,  and  connected  with  the  whole  sys- 
tem of  turnpikes  in  Pennsylvania.  Another  similar  road  con- 
nected  Gettysburg  with  Reisterstown,  and  from  there  a  single 
line  led  to  Baltimore.  The  amount  of  traffic  on  these  roads, 
up  to  the  fifties  and  sixties,  was  very  large.  After  that 
period  it  was  diverted  to  the  railroads.  The  relation  which 
Baltimore  occupied  to  this  country  is  very  naively  stated  in 
Peter  Parley's  "  First  Book  of  History,"  published  in  the  thir- 
ties. In  that  book  the  amiable  historian  said  :  "  After  seeing 
the  rest  of  the  city"  (Baltimore)  "  you  should  go  to  Howard 
Street,  when  you  will  notice  a  great  many  wagons  loaded 
with  flour.  Baltimore  is  the  greatest  flour  market  in  the  world. 
Thousands  and  thousands  of  barrels  are  brought  here  every 
year  from  various  parts  of  Maryland,  and  from  Delaware, 
Pennsylvania  and  Virginia.  It  is  then  sent  in  ships  to  New 
York, "Boston,  Charleston  and  various  foreign  countries." 

As  remarked  above,  this  trade  was  diverted  from  the  turn- 
pike roads  to  the  railroads.  An  effort  is  about  to  be  made  to 
get  some  of  it  back.  The  present  turnpike  between  Gettys- 
burg and  Baltimore,  as  explained,  is  shown  by  the  heavy  black 
line~in  the  map.     This,  as  will  be  seen,  is  nearly  an  air  line  be- 


new  line  will  afford  excellent  facilities  to  the  many  strangers 
and  foreigners  who  annually  visit  the  battle-field,  and  will  be 
the  means  of  bringing  the  territory  l>etween  Westminster  and 
Gettysburg  into  direct  communication  with  Baltimore.  The 
present  means  of  reaching  these  points  from  Baltimore  are  by 
the  turnpikes  which  form  the  route  of  electric  lines,  or  by  the 
Baltimore  &  Hanover,  Hanover  Junction.  Hanover  &  Gettys- 
burg steam  railroads,  which  are  controlled  by  the  Western 
Mafvland  Railroad  Company. 

Owing's  Mills,  where  the  power  house  is  to  be  located,  was 
for  many  years  connected  with  the  Northern  Central  Railroad, 
which  is  located  east  of  it  by  the  Green  Spring  Branch— shown 
on  the  map.  This  was  originally  laid  with  old  strap  rails,  and 
for  a  long  time  was  operated  by  horses.  The  writer  can  recall 
a  journe"y  on  this  road  in  the  fifties  on  the  top  of  a  four- 
wheeled  coach-body  car  similar  to  those  which  were  duplicates 
of  the  old  cars  used  on  the  Mohawk  &  Hudson  Railroad,  and 
which  were  exhibited  at  Chicago  last  year.  The  motive 
power  on  the  Green  Spring  P.ranch  was  a  faithful  mule. 

New  York  and  Philadelphia  capitalists  are  said  to  be  large 
holders  of  the  bonds,  and  it  is  believed  that  the  Widener-Elkins 
syndicate  holds  an  interest  in  it. 
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twecn  the  termini ;  and  this  road  is  to  be  used  in  carrying  out 
the  project  on  account  of  its  straightness  and  because  of  the 
many  towns,  large  and  small,  that  have  grown  up  along  it. 
The  "distance  from  Baltimore  to  Gettysburg  by  the  proposed 
route  is  50  miles,  as  against  72  miles  by  the  steam  railroads. 

The  parts  of  the  line  to  be  provided  by  different  compa- 
nies are  :  The  Pimlico  &  Pikesville  Line,  7  miles,  opened  in 
1892  from  Druid  Hill  Park.  Baltimore,  to  Pikesville  ;  the 
Pikesville,  Reisterstown  &  Emory  Grove  Railway,  9  miles, 
from  Pikesville  to  Reisterstown,  with  an  extension  of  1J  miles 
to  Emory  Grove  camp  grounds.  Contracts  for  this  road  were 
awarded"  last  week. 

The  power  house  will  be  located  at  Owing  s  Mills  ;  the 
Westminster  &  Union  Mills  Railway,  17  miles,  fiom  Reisters- 
town through  Westminster  to  Union  Mills  ;  the  Gettysburg 
Electric  Line,  17  miles,  from  Union  Mills  through  Littlestown, 
Pa.,  to  Gettysburg.  Several  miles  of  this  line  are  now  built 
south  from  Gettysburg  across  the  famous  battle-field.     This 


THE  DISTRIBUTION   OF  COMPRESSED   AIR    IN 
PARIS. 


Is  1879  the  first  trials  were  made  in  Paris  of  what  was  after- 
ward known  as  the  Popp  compressed  air  system  ;  the  earliest 
installation  was  on  a  very  small  scale,  and  for  some  years  the 
application  was  limited  to  the  operation  of  clocks  in  the  streets 
as  well  as  in  private  houses.  The  central  station  was  located 
in  a  small  building,  in  the  basement  of  which  were  two  com- 
pressors driven  each  by  a  6  H.P.  engine  :  on  the  first  floor 
were  the  pressure  regulators  and  other  controlling  apparatus, 
and  a  master  clock  which  distributed  pneumatic  impulses  at 
minute  intervals  throughout  the  system  of  air  pipes. 

In  a  few  years,  however,  applications  to  obtain  compressed 
air  as  a  motive  force  became  numerous  from  small  users  of 
power,  and  the  rapid  increase  in  demands  rendered  it  neces- 
sary to  increase  the  very  modest  installation  in  the  Rue  St. 
Anne.     The  first  extension  was  completed  in  1880,  when  the 
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Rue  St.  Fargcau  works  were  started  on  a  60  H.P.  basis.  An- 
ticipating rapid  extension,  Mr.  Popp,  had  secured  a  site  of  near- 
ly eight  acres  in  the  Rue  St.  Fargeau,  and  by  1887  no  less  than 
5,000  H.P.  were  required  to  compress  the  air  consumed. 
Fresh  extensions  followed,  and  large  additional  works  were 
completed  in  1892  on  the  Quai  de  la  Gare.  At  present  the  de- 
velopment appears  to  be  as  follows  : 

1.  Two  central  stations— those  of  St.  Fargeau  and  the  Quai 
de  la  Gare— representing  together  13,000  H.P.  From  these 
two  stations  there  were  distributed  through  air  mains  in  1892 
no  less  than  250,000,000  cubic  yards  of  air. 

2.  Two  central  time  stations"  for  the  operation  of  pneumatic 
clocks  throughout  Paris. 

3.  A  reseau  of  104  miles  of  mains,  of  which  41  are  devoted 
to  the  time  service,  and  63  miles  to  the  distribution  of  power 
for  commercial  uses  ;  there  is  also  a  total  length  of  the  system 
of  service  pipes  of  61  miles. 

4.  Sixteen  refrigerating  chambers  in  the  basement  of  the 
Bourse  du  Commerce. 

5.  Two  stations  of  about  1,000  H.P.,  used  for  generating 
ilectricity  with  compressed-air  motors. 

6.  Twenty-eight  hundred  H.P.  of  compressed  air  consumed 
.or  90  special  installations. 

7.  Seventy-four  hundred  public  and  private  clocks. 

8.  Three  stations  producing  compressed  air  at  high  pressure, 
and  representing  about  1,300  H.P.  These  are  intended  for 
street  railroad  traction. 

The  Quai  de  la  Gare  works  were  designed  for  a  total  capac- 
ity of  24,000  H.P.,  divided  into  three  groups.  The  first  sec- 
tion of  8,000  H.P.  is  now  at  work.  The  air  is  compressed  by 
four  triple-expansion  Corliss  engines  (2,000  H.P.),  and  steam 
is  supplied  by  20  Babcock  &  Wilcox  boilers,  divided  into  bat- 
teries of  five.  The  compressors  operate  by  stages,  and  have 
each  two  low-pressure  and  one  high-pressure  cylinder.  The 
air  is  cooled  during  compression  by  spray  injectors.  The  en- 
gines are  vertical,  and  the  compressors  are  driven  from  an 
overhead  shaft. 

The  following  are  some  particulars  of  the  installation  : 

Number  of  Bections  in  each  boiler 12 

"       "  tubes  per  section 9 

' boiler 108 

Length  of  tubes 17.8  ft. 

Diameter  of  tubes 3.94  in. 

Total  heating  surface  of  tubes  per  boiler 1,958  sq.  ft. 

Diameter  of  steam  cylinders,  high-pressure    33.47  in. 

"         "      "  '*  intermediate  55.12" 

"         "      "  "  low  pressure 78.74" 

Air-compressing  cylinders,  "  43.31" 

"  "  high  pressure 30.71" 

The  boilers  are  registered  for  170  lbs.,  and  the  working 
pressure  is  about  140  lbs.  per  square  inch. 

The  compressors  are  arranged  to  deliver  into  the  receivers 
at  a  pressure  of  114  lbs.  per  square  inch.  The  quantity  of  air 
actually  compressed  by  the  four  engines  per  hour  to  114  lbs.  is 
equal  to  about  70,000  cubic  meters,  or  2,470,000  cub.  ft.,  at 
atmospheric  pressure.  The  air  is  compressed  by  each  engine 
into  two  reservoirs  having  a  capacity  of  1,000  cub.  ft.,  whence 
it  flows  into  the  principal  air  main,  which  is  19.69  in.  in  diame- 
ter. The  sizes  of  the  mains  vary  from  this  diameter  to  11.8 
in.  ;  the  larger  are  made  of  wrought  iron  welded  ;  the  smaller 
are  of  cast  iron.  The  secondary  mains  range  from  7.87  in.  in 
diameter  to  1.58  in.  ;  the  service  pipes  are  of  lead,  and  their 
diameters  vary  from  3.15  in.  to  1.58  in. 

When  the  station  on  the  Quai  de  la  Gare  was  undertaken  the 
Creusot  Company,  who  supplied  the  engines,  guaranteed  as  a 
maximum  consumption  of  fuel  1.54  lbs.  per  I. H.P.  per  hour. 
The  conditions  of  trials  as  laid  down  in  the  specifications  were  : 

Duration  of  each  trial 6hours. 

Number  of  revolutions  per  minute 60 

Boiler  pressure .   ..  .163  lbs.  per  sq.  in. 

Effective  pressure  of  compressed  air 113  lbs. 

Maximum  indicated  H.  P 2,000 

Fuel Briquettes  d'Anzin. 

An  official  trial  was  made  only  on  January  19,  1893,  about 
13  months  after  the  engines  had  been  in  constant  work.  The 
following  figures  give  the  principal  results  obtained  : 

Average  number  of  revolutions  per  minute . 59.6:35 

"       pressure  of  steam  in  boilers , 163  lbs. 

"           "           "       "     at  the  admission   valve    of    the  high- 
pressure  cylinder 146  " 

Average  vacuum  in  the  condenser 98.35  in. 

Pressure  of  air  in  compressors,  low  pressure 32.7  lbs . 

"    "    "  "  high  pressure 102    " 

Temperature  of  the  air  when  entering  the  low-pressure  compres- 
sors  40.67  F. 

Temperature  of  the  air  when  leaving  the  high-pressure  compressor. 69.0  " 

H.  P.  indicated 1996 .5 

Net  fuel  consumed  pir  H.  P.  per  hour 1.31b. 
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Two  trials,  at  an  interval  of  three  months,  were  made  to  test 
the  efficiency  of  the  engines  and  compressors,  and  the  results 
tabulated  above  were,  it  is  stated,  arrived  at. 

It  would  appear,  from  these  trials,  that  the  mean  total  effi- 
ciency is  80.8  per  cent.  It  is  claimed  that  the  actual  cost  of 
100  cubic  meters  (3,530  cub.  ft.)  of  air  compressed  to  113  lbs. 
per  square  inch  is  .4536  francs,  or  less  than  5d.  This  figure 
was  arrived  at  after  a  trial  of  24  hours  in  the  station  of  the 
Quai  de  la  Gare,  and  it  was  confirmed  by  the  results  obtained 
from  three  months'  subsequent  working. 

INDUSTRIAL  APPLICATIONS  OF  COMPRESSED  AIR  IN  PARIS. 
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The  applications  of  compressed  air  in  Paris  are  very  numer- 
ous and  varied,  but  according  to  the  latest  information  the 
following  classification  may  be  made  : 

1.  Distribution  of  power  in  quantities  ranging  from  the 
minute  time  impulses  to  motors  of  150  H.P.  It  is  worth  no- 
ticing that  in  many  workshops  old  steam  engines  are  now 
worked  with  compressed  air,  the  boilers  serving  as  reservoirs 
in  which  the  air  is  heated  before  admission  to  the  cylinders. 

2.  Ventilation  aDd  other  sanitary  purposes. 

3.  Refrigerators,  especially  cold  stores  for  the  preservation 
of  meat,  etc. 

At  the  Bourse  du  Commerce  the  installation  for  this  purpose 
is  large,  comprising   16  cold-air  stores,  containing  together 
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5,300  cub.  ft.  Besides  this,  compressed  air  is  used  to  drive 
motors  for  electric  lighting  ;  the  exhaust  from  these  motors  is 
utilized  to  assist  in  reducing  the  temperature  of  the  cold 
stores.  Another  series  of  motors  at  the  Bourse  installation  is 
used  for  heating  and  ventilating  purposes  throughout  the  es- 
tablishment. 

4.  The  manufacture  of  ice  as  a  by  product  of  the  compressed 
air  used  as  a  motive  power. 

5.  Elevating  or  lifting  water  and  other  liquids  ;  this  is  applied 
chiefly  to  breweries,  but  there  are  large  installations  at  the 
depots  of  Bercy  and  the  Quai  St.  Bernard  for  lifting  wines, 
spirits,  etc. 

0.  Emptying  cesspools  (using  Re(iro). 

7.  Passenger  and  luggage  elevators. 

8.  Pneumatic  clocks  on  the  boulevards  in  Paris  and  in  about 
2,000  private  houses. 

9.  Mechanical  traction  on  the  Nogent  tramways  for  a  dis- 
tance of  about  8f  miles.  This  application  of  compressed  air 
is  on  the  Mekarski  system. 

The  table  on  page  467  gives  an  idea  of  many  of  the  various 
uses  to  which  compressed  air  has  been  put  in  Paris  : 

One  of  the  most  interesting  applications  of  compressed  air  in 
Paris  will  be  that  for  the  propulsion  of  tram  cars  on  the  Conti 
system,  a  system  already  in  experimental  use,  we  believe,  in 
Vienna.  Some  preliminary  trials  have  been  made  at  Nantes 
and  at  Nogent,  and  the  results  obtained  sufficiently  good  to 
justify  the  Compagnie  Generale  des  Omnibus  to  construct 
three  lines  in  Paris,  which  will  be  opened  for  traffic  during 
the  present  year.  In  the  Conti  system  the  air  is  compressed  at 
a  relatively  "high  pressure  at  a  central  station  ;  it  is  then  ad- 
mitted into  the  mains  B  placed  beneath  the  rails  (see  diagram, 
figs.  1  and  2,  on  previous  page). 

Branches  C  lead  the  air  nearly  to  the  surface  into  automatic 
devices  by  which  the  car  reservoiis  can  be  charged.  By  this 
arrangement  it  is  considered  that  one  central  station  will  be 
sufficient  whatever  the  length  of  the  line  may  be  ;  and  as  the 
charging  devices  can  be  introduced  at  short  intervals,  the  dead 
weight  of  reservoirs  to  be  carried  is  relatively  small.  The 
distance  between  the  charging  stations  varies  according  to  the 
circumstances,  but  for  convenience  they  should  be  located  at 
the  recognized  stopping-places.  Fig.  3  is  a  diagram  that  gives 
some  idea  of  the  arrangement.  An  iron  box  is  sunk  into  the 
roadway  to  inclose  the  mechanism  ;  the  box  is  covered  by  a 
plate  containing  two  hinged  flaps  F  placed  immediately  over 
the  air  nozzle  E.  The  nozzle  is  the  continuation  of  a  plunger 
working  in  the  cylinder  E,  I,  which  can  be  placed  in  connec- 
tion with  the  air  main.  As  the  front  truck  of  the  car  passes 
over  the  rails  it  strikes  the  lever  G,  and.  depressing  it,  opens 
a  valve  that  admits  air  beneath  the  plunger  E,  raises  it,  and 
causes  the  air  nozzle  to  push  open  the  flaps  Fand  rise  above 
the  level  of  the  road.  By  the  time  it  has  reached  its  full 
height  the  nozzle  engages  in  a  connection,  H,  communicating 
with  the  reservoirs,  which  are  filled  in  a  few  seconds.  The 
valve  is  then  closed,  and  as  the  car  proceeds  the  lever  O  is 
released,  the  air  beneath  the  plungers  in  the  cylinder  E  es- 
capes, and  the  nozzle  falls,  the  flaps  inclosing  over  it  and  re- 
storing the  street  surface.  In  the  event  of  the  mechanism 
becoming  deranged,  air  standpipes  are  provided,  so  that  the 
reservoirs  can  be  charged  by  coupling  up. 

The  results  obtained  will  be  watched  with  considerable  in- 
terest ;  so,  as  soon  as  the  system  passes  out  of  its  experimental 
stage,  which  it  promises  to  do  shortly  under  the  care  of  the 
Compagnie  Generale  des  Omnibus.— Engineering. 


THE  HEATING  POWER  OF  SMOKE* 


It  appears  to  be  generally  supposed  that  a  large  percentage 
of  fuel  is  lost  in  smoke,  and  random  statements  have  been 
made  to  the  effect  that  the  loss  in  heating  power  due  to  the 
passing  away  of  combustible  matters  in  smoky  furnace  gases 
may  reach  as  high  as  30  per  cent,  of  the  whole.  A  little  con- 
sideration, however,  will  show  that  the  loss  of  any  large  per- 
centage of  combustible  matter,  and  consequently  of  heating 
power,  is  quite  out  of  the  question.  This  may  be  proved  in 
two  ways  :  (1)  by  calculation  of  the  two  sources  of  heating 
power  as  shown  by  an  analysis  of  coal  or  dross  used  for  steam 
raising  ;  and  (2)  by  actual  analysis  of  the  furnace  gases  for 
combustible  solids  and  gases. 

In  the  following  paper  are  given  the  results  of  these  two 
methods  of  observation,  the  same  dross  being  analyzed  and 
also  employed  as  fuel  in  a  works  furnace,  from  which  smoky 
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gases  were  given  off  which  were  tested  for  combustible  mat- 
ters. 
1.  The  following  is  the  analysis  of  the  dross  employed  : 

Ver  ceut. 

Gas,  tar.  etc 37.63 

Fixed  carbon 49.97 

Sulphur.   0.40 

Ash 8.78 

Water 9.28 


100.00 

Heating  power  (practical)  due  to  gas,  tar,  etc.       1.16 
Heating  power  (practical)  due  to  fixed  carbons.      6.49 

7.65 

The  points  to  be  observed  are  the  relative  proportions  of 
heating  power  (represented  in  the  analysis  by  the  number  of 
pounds  of  water  212°  F.  capable  of  being  evaporated  to  dry- 
ness by  1  lb.  of  fuel)  given  out  respectively  by  the  combustion 
of  gas,  tar,  etc.,  and  by  the  fixed  carbon.  These  are  calcu- 
lated according  to  Playfair's  well-known  formula,  which  was 
practically  tested  on  coals  intended  for  the  British  Navy,  and 
which  shows  that  while  1  lb.  of  fixed  carbon  is  capable  when 
burned  of  evaporating  13  lbs.  of  water  at  212"  F.  to  dryness,  1 
lb.  of  the  gas,  tar,  etc.,  will  only  evaporate  3.1  lbs.  From 
these  figures  it  appears  that  in  the  coal  or  dross,  the  gas,  tar, 
etc.,  only  contribute  15  per  cent,  of  the  total  heat  given  out 
during  the  combustion,  and  that  the  fixed  carbon  produces  the 
remainder,  or  85  per  cent.  In  coals  with  less  of  the  former 
ingredients  and  more  of  the  latter,  which  is  commonly  the  case, 
the  proportion  given  out  by  the  volatile  constituents  would  lie 
considerably  reduced.  It  is  thus  perfectly  clear  that  even 
though  the  whole  of  the  volatile  matters  (which  can  alone  be 
accountable  for  any  loss  of  combustible  material)  escaped  com- 
bustion, there  could  not  possibly  be  a  greater  loss  of  heat  than 
15  per  cent,  of  the  whole,  even  in  such  an  extreme  case  as  this 
represents. 

2.  An  analysis  was  made  of  the  furnace  gases  given  off  dur- 
ing the  burning  of  the  dross  of  which  the  results  are  given 
above,  with  the  following  results  : 

Gases  very  Gases  almost 

smoky.  free  from  smoke. 

Per  cent,  by  Per  cent,  by 

volume.  volume. 

Carbonic  acid 5.0  3  5 

"       oxide none  none 

Hydrocarbons trace  none 

Nitrogen 79.9  79.9 

Oxygen 15.1  16.6 

100.00  100.00 

It  has  been  asserted  that  carbonic  oxide  is  given  off  in  con- 
siderable quantity  when  much  smoke  is  being  produced,  but  it 
does  not  appear  in  this  case  ;  and  Hempel,  in  his  work  on 
"  Gas  Analysis,"  comes  to  the  conclusion  that  little  or  no  com- 
bustible gases  are  present  in  furnace  gases.  He  says  :  ' '  Fur- 
nace gases  usually  contain  only  carbon  dioxide,  oxygen  and 
nitrogen.  All  other  gases  are  present  in  but  very  small 
amounts.  In  oft-repeated  analyses  the  author  has  always 
found  only  traces  of  carbon  monoxide,  methane  and  the  heavy 
hydrocarbons. "  This  is  in  complete  accord  with  the  analyses 
given  above,  and  it  may  be  taken  for  granted  that  the  presence 
of  carbonic  oxide  or  other  combustible  gases  in  furnace  gases 
is  a  most  unusual  occurrence.  This  is  quite  conclusive  evi- 
dence that  no  appreciable  loss  of  heat,  even  when  the  furnace 
gases  are  smoky,  can  be  attributed  to  the  passing  away  of  the 
products  of  imperfect  combustion  in  the  gaseous  form  at  least. 

That  there  is  loss  of  combustible  matter  in  the  smoke  is 
an  undoubted  fact,  but  the  quantity  seems  also  to  be  greatly 
magnified  in  certain  random  statements.  In  the  experiment 
referred  to  above  the  soot  was  also  collected  during  one  hour 
and  a  half  with  the  following  results  : 

Grains  per  100  cub.  ft. 
of  furnace  gases. 

Carbonaceous  matter 30.81 

Ash  or  mineral  matter 20.65 

Total  soot 51.46 

It  will  be  observed  that  the  soot  collected  consisted  largely 
of  mineral  or  incombustible  matter.  In  several  experiments 
to  estimate  the  soot  in  furnace  gases  similar  results  to  those 
were  obtained,  and  the  average  would  come  very  close  to  the 
quoted  results  of  this  special  test. 

To  find  how  much  carbonaceous  matter  was  actually  lost  as 
smoke,  it  will  be  necessary  to  know  the  number  of  cubic  feet 
of  furnace  gases  given  off  by  the  combustion  of,  say,  one  ton 


Vol.  LXVIII,  No.  10.] 


AND    RAILROAD    JOURNAL. 


469 


of  the  dross.  If  the  percentage  of  carbonic  acid  in  the  furnace 
gases  is  taken  at  5  per  cent.,  the  total  volume  of  these  given 
off  from  one  ton  of  dross  would  be  about  940,000  cub.  ft. 
measured  at  the  ordinary  temperature  and  pressure,  and  this 
would  contain  41  lbs.  of  carbonaceous  matter  and  27  lbs.  of 
mineral  matter.  This  would  represent  1.8  per  cent,  of  the 
volatile  matters  (gas,  tar,  etc.),  given  in  the  analysis  of  the 
dross  ;  and  if  from  this  is  now  calculated  the  heating  power 
according  to  Playfair's  formula,  it  will  only  come  to  0.057. 
This  figure,  compared  with  the  practical  heating  power  (7.65) 
of  the  dross,  goes  to  show  that  the  solid  combustible  matter  of 
the  smoke  can  only  account  for  the  very  small  percentage  of 
0.74  of  the  total  heating  power  which  can  be  obtained  from 
the  coal. 

From  the  results  of  these  experiments  it  is  evident  that  the  loss 
of  combustible  matters  in  smoke  is  very  small  indeed,  and  that 
the  belief  in  immense  loss  by  this  cause  is  simply  a  fallacy,  and 
it  is  decidedly  not  corroborated  by  experiment.  In  adopting 
methods  of  removing  the  smoke  nuisance,  it  must  therefore  be 
borne  in  mind  that  there  is  little  or  no  gain  in  burning  smoke, 
and  that  other  methods  of  dealing  with  the  problem,  such  as 
Dulier's  smoke  absorption  process,  ought  also  to  receive  con- 
sideration. 

• 

ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publications  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  to  help  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  the  infor- 
mation which  will  help  make  our  list  more  complete  or  correct, 
or  who  will  indicate  the  causes  or  the  cures  for  any  kind  of 
accidents  which  occur,  they  will  not  only  be  doing  us  a  great 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  August,  has 
been  made  up.  Of  course  we  cannot  report  those  of  which  we 
have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   IN   AUGUST. 

SiQux  City,  August  2. — Two  freight  trains  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railroad  collided  on  a  bridge  at  this 
point.  The  engineer  and  fireman  jumped  and  escaped  with 
slight  injuries. 

Lafayette,  Ind.,  August  3.— Two  freight  engines  on  the 
Wabash  Railroad  collided  near  here  to-day,  and  Engineer 
Clarke  was  killed. 

Field,  Man.,  August  3. — The  boiler  of  a  locomotive  on  the 
Canadian  Pacific  Railway  exploded  near  here  to-day.  The 
engineer,  B.  Wheatly,  and  fireman,  A.  Hunt,  were  instantly 
kiiled. 

Cumberland,  Md.,  August  3. — A  coal  train  was  wrecked  at 
Mud  Cut,  on  the  Cumberland  &  Pennsylvania  Railroad,  to-day. 
The  engine  jumped  the  track  and  ran  against  a  bank  and 
turned  upside  down.  The  engineer  was  beneath  the  engine, 
and  with  the  exception  of  a  few  bruises  about  the  face  was 
unhurt  ;  the  fireman  sustained  a  slight  injury. 

Wittenberg,  Wis.,  August  3.— Charles  Heulin,  engineer  on 
the  Milwaukee,  Lake  Shore  &  Western  Railroad,  was  killed 
while  at  work  under  his  engine  early  this  morning  ;  another 
freight  train  backed  in  against  the  rear  of  his  freight  train, 
forcing  the  engine  forward  and  crushing  the  man  under  the 
tire-box. 

Urbana,  O.,  August  3.— A  passenger  train  on  the  New  York, 
Pittsburgh  &  Ohio  Railroad  struck  a  freight  car  on  a  siding 
this  morning"  Joe  Dano,  the  engineer,  was  internally  injuied, 
and  Fireman  James  Douglas  slightly  hurt. 

Warren,  Pa.,  August  3. — A  passenger  train  on  the  Dunkiik, 
Allegheny  Valley  &  Pittsburgh  Railroad  was  ditched  here  this 
afternoon.  Engineer  Beardsly  was  scalded  about  the  head, 
and  Fireman  Robbins  was  cut  on  the  forehead. 

Akron,  O.,  August  3. — A  collision  occurred  between  two 
freight  trains  on  the  New  York,  Pennsylvania  &  Ohio  Rail- 
road to-day.  Engineer  M.  Stack  was  crushed  to  death,  and 
his  fireman,  John  Shoop,  badly  scalded. 

Rochelle,  Fla.,  August  4. — A  mixed  train  on  the  Florida 
Southern  Railroad  plunged  into  a  lime  sink  near  here  this 
morning.  The  engine  anil  two  cars  were  completely  wrecked. 
Engineer  Rampaner  was  seriously  injured. 

Lima,  O.,  August  4. — A  freight  train  on  the  Pittsburgh, 


Fort  Wayne  &  Chicago  Railroad  ran  into  an  open  switch  at 
this  point  to-day.  The  engiueer  and  fireman  were  somewhat 
bruised. 

Cincinnati,  O.,  August  5. — A  Panhandle  freight  was  wrecked 
at  Crestonville  to-day  by  running  over  a  cow.  The  fireman, 
M.  Neil,  was  killed,  and  Engineer  Egau  was  slightly  injured. 

Grand  Junction,  Col.,  August  8. — A  head-end  collision  oc- 
curred on  the  Rio  Grande  Western  Railway  to-day,  in  which 
Fireman  Pickering  was  killed  ;  the  engineers  of  the  two  en- 
gines were  seriously  scalded. 

Des  Moines,  la.,  August  8. — A  cinder  dropping  from  a  loco- 
motive on  a  bridge  at  Peru  caused  a  smouldering  and  burning 
of  the  main  stringers  to  such  an  extent  that  a  train  on  the 
Chicago  Great  Western  Railroad  was  wrecked  by  the  collapse 
of  the  structure.     The  engineer  and  fireman  were  both  killed. 

Omaha,  Neb.,  August  9. — A  northern-bound  passenger  train 
on  the  Chicago,  Rock  Island  &  Pacific  Railway  plunged  over 
a  50-ft.  trestle  4  miles  north  of  Lincoln  to-night.  Isaac  Depew, 
the  engineer,  and  William  Craig,  fireman,  were  killed.  Train- 
wrecking  is  suspected. 

Tacoma,  Wash.,  August  10.— There  was  a  head-end  collision 
on  the  Northern  Pacific  Railroad  about  15  miles  from  this  city 
to-day.  Engineer  L.  H.  Harmon  was  instantly  killed,  and  his 
fireman,  E.  Martin,  was  so  seriously  injured  that  he  died. 
The  accident  was  the  result  of  an  order  given  by  the  train 
despatcher. 

Philadelphia,  Pa.,  August  10. — Joseph  Haas,  an  engineer 
on  the  Philadelphia  &  Reading  Railroad,  fell  from  his  engine 
to-day  and  fractured  several  ribs. 

Kansas  City,  Mo.,  August  10. — A  passenger  train  on  the 
Southern  Kansas  branch  of  the  Atchison,  Topeka  &  Santa  Fe 
Railway  ran  into  the  rear  end  of  a  stock  train  just  east  of 
Olathe  to-night.  The  engineer  and  fireman  were  injured  by 
jumping,  the  fireman's  leg  being  broken  and  his  head  and 
body  being  badly  bruised.  Engineer  Comstock  escaped  with 
a  few  cuts  and  bruises  and  a  badly  crippled  hand. 

Mt.  Sterling,  Ky. ,  August  11.— The  engine  on  the  fast  train 
of  the  Cincinnati  Railroad  broke  a  front  truck  just  south  of 
Barren  Fork  to-day.  The  engineer  and  fireman  were  slightly 
injured. 

Topeka,  Kan.,  August  12. — A  collision  occurred  betweeu 
two  freight  trains  on  the  Atchison,  Topeka  &  Santa  Fe  Rail- 
road, at  Hurdland,  Mo.,  to-day,  in  which  Engineer  Humphrey 
was  killed.  On  evidence  given  by  his  fireman  after  the  col- 
lision, it  is  probable  he  died  of  fright.  His  evidence  was  : 
As  they  approached  the  Hurdland  switch  he  moved  to  Hum- 
phrey's side  of  the  cab  and  said  :  "  Was  it  not  at  Gibbs  we 
had  orders  to  stop?"  Just  then  the  headlight  of  the  west- 
bound train  showed  around  the  curve.  Humphrey  said  not  a 
word  nor  moved  hand  or  foot,  but  looked  straight  ahead  with 
glassy  eyes  at  the  other  engine,  which  was  moving  at  a  terrific 
rate.  The  fireman  spoke  to  him  again,  but  still  the  engineer 
did  not  move,  and  the  fireman  to  save  his  life  jumped.  The 
other  engineer  and  fireman  reversed  their  engine  and  saved 
themselves  by  jumping. 

Portsmouth,  N.  H.,  August  12.— The  locomotive  on  the 
morning  passenger  train  on  the  Boston  &  Maine  Railroad 
jumped  the  track  just  outside  the  depot  here  today.  Engi- 
neer Dunbar  received  some  injuries  about  the  back  and  hip, 
and  a  fireman  by  the  name  of  Story  was  cut  about  the  bead 
and  arms. 

Charlotte,  N.  O,  August  13.— Charles  Briggs,  the  engineer 
on  the  Southern  Railway,  was  struck  by  a  passing  train  as  he 
stepped  off  his  engine  this  morning  ;  he  was  instantly  killed. 

Buffalo,  N.  y.,  August  13.— A  Lehigh  Valley  freight  train 
ran  into  a  Buffalo  Creek  freight  engine  near  tho  city  limits 
to-day.  Both  were  backing  at  the  same  time,  and  the  morn- 
ing was  densely  foggy.  George  Pitts,  one  of  the  engineers, 
was  slightly  hurt  about  the  back. 

Albuquerque,  N.  M.,  August  16. — A  passenger  train  on  the 
Atlantic  &  Pacific  Railroad  was  wrecked  by  a  washout  at 
Cubero  this  morning.  The  engine  was  ditched,  and  James  II. 
Orton,  fireman,  was  killed,  and  William  Norris,  engineer,  was 
dangerously  injured. 

South  AVhitley,  Ind.,  August  16.— A  freight  train  on  the 
Cumberland,  Wabash  &  Michigan  Railroad  was  run  into  at  a 
crossing  here  by  a  Wabash  freight  train.  The  engineer  ami 
fireman  of  the  latter  train  jumped  and  were  slightly  injured. 

Owensburg,  Ky.,  August  17. — A  freight  train  on  the  Har- 
densburgh  branch  of  the  Louisville,  St.  Louis  «.fc  Texas  Rail- 
road was  wrecked  to-day.  Fireman  Wick  Dehannen  was 
fatally  injured. 

Sioux  City,  la.,  August  17.— A  fast  freight  on  the  Sioux 
City  &  Pacific  Railroad  ran  into  a  box  car  at  River  Sioux 
to-day.  The  engine  and  six  cars  weut  down  an  embankment, 
and  Engineer  Moorey  and  Fireman  McKenney  were  badly 
injured. 
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Lexington,  Ky.,  August  IS. — A  fast  Florida  train  on  the 
Cincinnati  &  Southern  Railroad  was  wrecked  03-  a  misplaced 
switch  at  Brannon.  The  engineer  and  fireman  were  seriously 
injured. 

Worcester,  Mass.,  August  18. — There  was  a  head-end  col- 
lision between  an  Adams  Express  train  and  an  accommoda- 
tion train  at  this  point  to-night.  The  engineer  of  the  Adams 
Express  train  did  not  see  the  red  light  placed  on  the  west- 
bound track  to  protect  the  accommodation  train  while  the 
latter  ran  over  the  cross-over.     He  was  slightly  injured. 

St.  Louis.  Mo.,  August  19. — A  freight  train  on  the  Wabash 
Road  struck  a  horse  2  miles  west  of  Jonesborough,  killing 
Engineer  C.  Welton,  and  Fireman  Ray  Tilton  was  so  badly 
injured  that  he  subsequently  died. 

St.  Louis,  Mo.,  August  20. — A  fast  express  on  the  Vandalia 
Line  was  ditched  near  Pocahontas  this  evening.  Engineer 
Manafee  aud  Fireman  Dickinson  were  seriously  injured.  The 
cause  of  the  wreck  is  unknown. 

Haynes  Falls,  N.  Y.,  August  20. — A  collision  occurred  be- 
tween a  wild  engine  and  that  of  a  passenger  train  on  the 
Ulster  &  Delaware  Railroad,  at  Stony  Clove,  to-night.  The 
engineer  and  fireman  jumped  and  were  slightly  injured. 

San  Antonio,  Tex..  August  20. — A  fast  train  was  wrecked 
on  the  Southern  Pacific  Railroad  near  Eldridge.  Charles  E. 
Ford,  the  fireman,  was  killed. 

Dunkirk,  N.  Y.,  August  20.— An  engine  on  the  Dunkirk, 
Allegheny  Valley  &  Pittsburgh  Railroad  was  wrecked  by  a 
misplaced  switch  to-day.  The  engineer  jumped  and  was  quite 
badly  bruised. 

Ellenburg,  Wash.,  August  20.— A  freight  train  was  wrecked 
on  the  Seattle,  Lake  Shore  &  Eastern  Railway,  near  Latona, 
this  evening,  by  striking  a  cow.  The  engine  was  thrown  into 
a  ditch,  and  the  tender  ran  into  the  back  end  of  it,  killing 
Fireman  J.  Black  ;  the  engineer  was  somewhat  injured. 

Colorado  Springs,  Col.,  August  21. —  A  freight  train  on 
the  Colorado  Midland  Railroad  was  wrecked  by  a  landslide 
10  miles  from  Idlewild.  Engineer  John  B.  Blocker  was  in- 
stantly killed. 

Huntington,  Pa.,  August  24. — There  was  a  collision  be- 
tween two  heavily  loaded  freight  trains  on  the  Pennsylvania 
Road  near  here  "this  morning.  Engineer  Preston  had  both 
legs  severed  from  the  body,  and  they  were  subsequently  found 
in  a  burning  fire-box.  He  died  from  the  result  of  his  injuries. 
Parkersburg,  W.  Va.,  August  27. — A  passenger  train  on  the 
Baltimore  &  Ohio  Railroad  ran  into  a  boulder  near  Cairo  this 
morning,  throwing  the  engine  from  the  track.  Fireman 
Shaughnessy  was  killed,  and  Engineer  Flannery  was  fatally 
injured. 

Chicago,  111.,  August  27.— A  passenger  train  on  the  Chicago 
&  Eastern  Illinois  collided  with  a  switch  train  at  Thirty -sev- 
enth Street  to-day,  fatally  injuring  the  fireman. 

Ottumwa,  la.,  August  30. — There  was  a  collision  between 
two  freight  trains  on  the  Chicago,  Burlington  &  Quincy  Rail- 
road, near  Cleveland.  Gus  Starkman,  the  engineer,  was  in- 
stantly killed,  and  Ed.  Walker,  a  fireman,  fatally  injured. 

Springfield.  111.,  August  30. — A  freight  train  ran  into  an 
open  switch  near  Dawson  this  evening.  Engineer  Atkinson 
and  his  fireman  were  badly  injured,  the  engineer  probably 
fatally. 

Grand  Rapids,  Mich.,  August  31.— A  fast  passenger  train 
on  the  Chicago  &  West  Michigan  Railroad  ran  into  a  couple 
of  cows  south  of  Baldwin  to-day.  The  engine  was  over- 
turned, and  Engineer  John  S.  Patterson  so  badly  injured  that 
he  died  shortly  afterward.  John  Kobe,  of  Grand  Rapids, 
was  instantly  killed  by  being  crushed  under  the  engine. 

Our  report  for  August,  it  will  be  seen,  includes  11  accidents, 
in  which  17  engineers  and  15  firemen  were  kille.l,  and  22  en- 
gineers aud  15  firemen  were  injured.  The  causes  of  the  acci- 
dents may  be  classified  as  follows  : 

Boiler  explosion 1 

Broken  truck 1 

Cattle  on  track 4 

Cave-in 1 

Collisions 14 

Crushed  under  engine 1 

Derailments 3 

Falling  from  engine 1 

Landslide 2 

Misplaced  switch 4 

Struck  by  passing  train 1 

Struck  car  on  siding 2 

Train  wreckers 1 

Trestle  burned  1 

Unknown 3 

Washout 1 
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PROCEEDINGS  OF  SOCIETIES. 


Master  Car  Builders'  Association. — The  Secretary  has  just 
issued  a  circular  giving  the  subjects  and  committees  for  the 
convention  that  is  to  be  held  in  June,  1895.  The  subjects  and 
the  chairmen  of  the  committees  are  as  follows  : 

1.  Interchange  op  Cabs.— To  suggest  how  cars  in  inter- 
change may  be  maintained  equitably  to  owners  and  operators 
with  the  least  expense  aud  detention.  Chairman,  Pulaski 
Leeds,  S.M.P.,  Louisville  ifc  Nashville  Railroad,  Louisville,  Ky. 

2.  Road  Tests  of  Brake  Shoes.— To  conduct  and  report 
upon  a  series  of  comparative  tests  of  different  brake  shoes  in 
service,  with  as  complete  data  as  possible.  Chairman,  R.  H. 
Soule.  S.M.P.,  Norfolk  &  Western  Railroad,  Roanoke,  Va. 

3.  Laboratory  Tests  of  Metal  for  Brake  Shoes.— To 
conduct  and  report  upon  laboratory  tests  of  different  brake 
shoes,  with  as  complete  data  as  possible.  Chairman,  S.  P. 
Bush,  S.M.P.,  Pennsylvania  Company,  Southwest  System, 
Columbus,  O. 

4.  Lubrication  of  Cars.— Continued  from  1894  to  pursue 
its  own  recommendations  as  to  tests  of  oil  for  lubrication,  and 
to  consider  the  economics  of  journal  bearings  as  suggested  in 
this  report  if  feasible.  Chairman,  A.  M.  Waitt,  M.C.B.,  Lake 
Shore  &  Michigan  Southern  Railway,  Cleveland,  O. 

5.  Air-brake  Tests. — Chairman.  G.  W.  Rhodes,  S.M.P., 
Chicago,  Burlington  &  Quincy  Railroad,  Aurora,  111. 

6.  Air-brake  and  Hand-brake  Apparatus  on  Cars. — 
Continued  from  1894  to  consider  the  questions  raised  in  its  re- 
port, and  to  include  the  standard  levers  and  all  other  questions 
of  importance  pertaining  to  the  subject.  Chairman,  E.  D. 
Bronner,  M.C.B.,  Michigan  Central  Railroad,  Detroit,  Mich. 

7.  Automatic  Couplers.— To  advise  what  changes  may  be 
desirable  in  the  standard  size  of  M.  C.  B.  automatic  coupler 
shanks,  and  to  recommend  a  standard  yoke  or  pocket  strap  for 
rear-end  attachments  to  cars.  Chairman,  J.  M.  Wallis,  Mech. 
Supt.,  Grand  Trunk  Railway,  Montreal,  Can. 

8.  Mounting  New  and  Second-hand  Wheels. — To  report 
upon  the  best  method  of  mounting  new  and  second-hand 
wheels  so  that  thev  mav  be  properly  located  upon  the  axle. 
Chairman,  J.  N.  Barr,  "S.M.P.,  Chicago,  Milwaukee  &  St. 
Paul  Railroad,  Milwaukee,  Wis. 

9.  Passenger  Car  Ends  and  Platforms. — To  consider 
what  improvements  ma}"  be  made  in  the  construction  of  pas- 
senger ends  and  platforms  for  increased  strength  in  ordinary 
service  and  emergencies.  Chairman,  E.  W.  Grieves,  M.C.B., 
Baltimore  &  Ohio  Railroad,  Baltimore,  Md. 

10.  Coal  Car  Sides. — To  suggest  best  methods  of  construc- 
tion and  staying  of  the  sides  of  60,000-lbs.  capacity  coal  cars 
with  high  sides.  Chairman,  R.  E.  Marshall,  S.M".P.,  Phila- 
delphia, Wilmington  &  Baltimore  Railroad,  Philadelphia,  Pa. 

He  has  also  issued  a  notice  calling  the  attention  of  the  mem- 
bers to  the  wheel  gauges.  This  circular  states  that  in  seeking 
to  make  arrangements  with  gauge  manufacturers  to  furnish 
the  gauges  recently  adopted,  the  Executive  Committee  finds 
that  in  order  to  make  the  most  satisfactory  arrangements  as  to 
prices  it  is  desirable  to  have  some  idea  as  to  how  many  sets  of 
gauges  will  be  ordered  soon.  If  as  large  a  number  as  50  s<  ts 
of  each  kind  can  be  guaranteed,  the  manufacturers'  prices  will 
be  much  lower.  The  gauges  comprise  :  1.  Maximum  aud 
minimum  wheel  flange  thickness  gauge.  2.  Check  gauge  for 
mounting  wheels.  3.  A  set  of  nine  journal-bearing  and  wedge 
gauges.  If  50  sets  of  each  kind  can  be  guaranteed  to  manufac- 
turers, the  prices  will  not  exceed  the  following  figures  :  For 
No.  1,  $6.30  ;  No.  2,  $31.50  ;  No.  3,  $40.50. 


American  International  Association  of  Railway  Super- 
intendents of  Bridges  and  Buildings. — The  committee  ap- 
pointed by  this  Association  to  report  on  the  subject  of  De- 
pressed Cinder-pits  and  Other  Kinds  have  issued  a  circular  of 
inquiry  asking  for  information  on  this  subject.  The  questions 
asked  are  :  What  system  for  dumping  and  removing  ashes 
from  locomotives  is  in  use  on  your  road  ?  Give  general  de- 
scription and  the  location,  whether  in  a  main  track,  side  track, 
or  special  track.  If  a  pit  is  used,  give  depth,  clear  width  and 
length,  and  describe  in  general  the  kind  of  foundation,  mate- 
rials in  side  wall  and  bottom  of  pit,  coping,  rail  fastenings  or 
supports,  drainage,  and  the  methods  used  to  protect  against 
heat.  If  a  conveyor  system,  elevated  platform  with  dumping 
trestle,  or  other  method  in  use,  describe  same,  giving  princi- 
pal dimensions,  materials  and  details.  What  is  the  arrange- 
ment, location  and  height  of  ash-car  track  in  relation  to  the 
pit  or  dumping  track  ?  What  kind  of  coal  is  used  ?  Does 
the  choice  or  dimensions  of  a  cinder-pit  system  depend  to  a 
certain  extent  on  the  kind  of  coal  used,  and,  if  so,  in  what  re- 
spect ?  It  is  particularly  desired  to  obtain  first  cost  of  cinder- 
pits  or  other  systems  for  removing  ashes  ;  also  the  unit  cost  of 
operation— i.e.,  handling  the  ashes  from  pits  to  cars — and  the 
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output  capacity  of  a  pit  or  plant  of  given  size.  We  are  espe- 
cially desirous  of  obtaining  blue  prints  of  cinder-pit  systems 
in  actual  use  on  your  railroad,  with  such  remarks  as  you  may 
feel  willing  to  make  on  the  efficiency  of  the  design,  the  reasons 
for  its  adoption,  and  any  possible  improvements  you  might 
have  to  suggest  or  general  views  tu  offer  on  the  subject  of  the 
best  system  to  recommend  under  stated  conditions.  The  com- 
mittee is  composed  of  the  following  members  :  Walter  G. 
Berg,  Lehigh  Valley  Railroad,  Jersey  City,  X.  J.  ;  Abel  S. 
Markley,  Pittsburgh  <fc  Western  Railroad.  Alleghany,  Pa.  ; 
George  W.  Andrews,  Baltimore  <fc  Ohio  Railroad,  Philadel- 
phia, Pa.  ;  R.  M.  Peck,  Missouri  Pacific  Railroad,  Pacific,  Mo. 


New  York  Railroad  Club. — The  first  meeting  of  the  season 
was  held  at  the  rooms  of  the  American  Society  of  Mechanical 
Engineers  on  Thursday  evening,  September  20.  Mr.  W.  W. 
Wheatley,  Car  Accountant  for  the  West  Shore  Railroad,  read 
a  paper  on  the  Best  Way  of  Improving  the  Present  Methods  of 
Rating  Train  Loads.  He  called  attention  to  the  fact  that  the 
present  method  of  rating  was  very  deficient  in  that  it  was  on 
the  basis  of  loaded  car,  and  the  load  in  a  nominally  rated  car 
might  be  anything  from  a  load  of  butter,  as  was  instanced  in 
one  case,  to  a  full  complement  of  30  tons.  It  was  evident, 
therefore,  that  unless  some  method  was  devised  for  giving  dis- 
patchers and  yardmen  the  necessary  information  to  enable  them 
to  load  a  locomotive  with  a  proper  load  in  tons,  the  weight  of 
the  train  might  continue  to  vary  between  very  wide  limits. 
In  the  discussion  that  followed  the  stand  was  taken  that  this 
rating  by  weight  should  be  put  in  execution  in  all  instances  of 
west-bound  as  well  as  east-bound  freight  to  be  so  rated,  as  cars 
must  be  hauled  westward  at  any  rate,  and  it  mattered  little 
whether  freight  was  distributed  through  a  dozen  cars  giving 
each  a  load  of  2  tons,  or  whether  it  were  all  loaded  in  one  car. 
In  reply  to  this  it  was  maintained  that  if  the  west-bound  trains 
were  loaded  by  weight,  longer  trains  could  be  hauled  than  the 
east-bound  engines  could  handle,  so  that  fewer  train  crews 
would  be  needed  going  west,  and  those  that  had  been  carried 
over  the  road  eastward  could  be  sent  back,  deadhead,  on  pas- 
senger trains  at  a  less  expense  than  if  they  were  in  charge  of 
freight. 


OBITUARY. 


James  Nelson  Lander.* 

The  death  of  J.  X.  Lander,  the  well-known  Superintendent 
of  Motive  Power  of  the  lines  of  the  Xew  York,  Xew  Haven  i 
Hartford  Railroad  east  of  Hartford,  Conn.,  occurred  at  his 
home  in  Concord,  X.  H.,  on  Tuesday.  August  2S.  His  appear- 
ance at  the  June  conventions  held  in  Saratoga  then  filled  all 
Ins  friends  with  apprehension,  as  it  was  evident  that  disease 
had  taken  a  strong  hold  on  his  generally  robust  constitution. 

He  was  born  inTopsham,  Vt.,  on  May  29, 1838.  and  was  the 
son  of  George  and  Jean  (Laird)  Lander,  and  was  educated  in 
the  public  schools  of  his  State. 

At  the  age  of  15  years  he  entered  the  machine  shop  of  A. 
Latham,  at  West  Lebanon,  as  an  apprentice,  and  he  there  started 
on  his  subsequent  caree-  in  the  mechanical  world.  He  re- 
mained at  West  Lebanon  for  about  10  years,  and  then  went  to 
Concord,  X.  H  ,  in  the  employ  of  the  Xorthern  Railroad  as 
Foreman  in  the  machine  shops  of  that  company. 

In  1865  he  succeeded  Mr.  James  Sedgely  as  Master  Mechanic 
of  the  Xorthern  Railroad,  and  held  the  position  until  1881, 
when  the  Concord  and  Boston  &  Lowell  railroads,  having  con- 
solidated under  a  business  arrangement,  he  was  appointed 
Master  Mechanic  of  the  two  roads.  This  agreement  was  sub- 
sequently annulled  by  the  courts,  and  he  was  then  offered  and 
accepted  the  position  of  Superintendent  of  Motive  Power  of 
the  Mexican  Central  Railroad,  then  in  process  of  construction. 
He  remained  in  Mexico  only  about  a  year,  however,  and  then 
returned  to  Xew  England  and  received  the  appointment  of 
Superintendent  of  Rolling  Stock  of  the  Old  Colony  Railroad, 
and  upon  the  consolidation  of  that  system  with  the  Xew  York, 
New  Haven  &  Hartford  Railroad,  he  was  continued  as  Super- 
intendent of  Motive  Power  of  all  the  lines  embraced  by  the 
new  system  east  of  Hartford.  This  position  he  held  at  the 
time  of  his  death. 

The  fact  that  for  many  years  he  was  connected  with  the  Fire 
Department  of  Concord  will  furnish  a  key  to  his  character,  or, 
rather,  his  disposition,  which  was  shown  by  a  strong  liking 


•  For  many  of  the  following  facts  relating  to  his  life,  we  are  indebted  to 
a  Concord  paper. 


for  companionship.  Wherever  he  was  found,  if  there  were 
any  acquaintances  within  reach,  he  was  the  center  of  a  circle 
which  was  always  entertained  by  his  vivacity  and  the  expres- 
sions of  his  strong  convictions,  which  he  seldom  hesitated  to 
utter. 

In  1870  he  became  a  member  of  the  American  Railway  Mi- 
ter Mechanics'  Association,  and  was  ever  afterward  active  and 
interested  in  its  proceedings.  Xearly  every  year  he  served  on 
one  or  more  committees  of  investigation,  and  always  devoted 
much  time  and  thought  to  the  work  which  he  was  appointed 
to  do.  He  was  made  a  Vice  President  in  187",  and  held  that 
office  until  1881,  when  he  was  elected  President,  and  served 
in  that  capacity  for  two  years.  He  was  also  for  a  number  of 
years  a  representative  member  of  the  Master  Car  Builders'  As- 
sociation, but  his  name  does  not  appear  in  the  recent  lists  of 
members  of  that  association,  probably  for  the  reason  that  when 
the  Old  Colony  Line  was  consolidated  with  the  Xew  York, 
New  Haven  i:  Hartford  Line,  the  car  department  of  the  former 
was  placed  under  the  jurisdiction  of  another  head. 

At  the  time  of  his  death  he  was  chairman  of  a  committee  ap- 
pointed to  confer  with  the  American  Railway  Association, 
with  reference  to  securing  the  required  money  for  making 
shop  tests  of  locomotives  at  Purdue  University.  His  services 
in  that  connection  will  be  sadly  missed.  The  duties  entrusted 
to  that  and  to  another  committee,  which  it  is  expected  will 
conduct  a  series  of  such  tests,  are  of  a  very  responsible  char- 
acter, and  unless  the  work  which  is  proposed  is  very  wisely 
managed,  serious  dissatisfaction  may  result. 

Of  Mr.  Lander's  professional  career  it  may  be  said  that  the 
general  attitude  of  his  mind  leaned  toward  conservatism.  He 
was  not  much  attracted  by  brilliant  invention  or  startling 
novelties.  Like  many  other  people,  he  always  had  a  great 
deal  more  confidence  in  things  which  had  been  done  than  in 
those  which  only  held  out  the  promise  of  important  results. 
When  the  success  of  any  new  enterprise  was  assured,  he  was 
always  ready  to  take  it  up.  He  was  greatly  interested  in  com- 
pound locomotives  ;  and  it  was  through  his  patronage  that 
Mr.  F.  W.  Dean  was  able  to  develop  his  designs  into  actual 
practice.  Mr.  Lander  was  apparently  a  strong  believer  in  the 
compound  system,  but  at  the  same  time  was  disposed  to  move 
slowly  in  its  adoption. 

He  always  held  very  decided  views  on  all  subjects,  especially 
in  politics,  and  was  a  stanch  Republican,  and  represented  one 
of  the  wards  of  Concord  in  the  Legislature  of  Xew  Hampshire 
for  two  terms.  Ever  since  he  lived  in  Boston  he  was  a  resi- 
dent at  the  Cnited  States  Hotel,  where  he  could  usually  be 
found  during  the  evening  occupying  what  was  jocularly  called 
the  "  Ananias  Corner,"  where  he  received  and  entertained  any 
of  his  friends  who  were  within  reach.  He  took  an  active  part 
in  the  Proceedings  of  the  Xew  England  Railway  Club,  of 
which  he  was  a  member.  He  will  hereafter  be  sadly  missed 
by  the  members  of  all  the  organizations  to  which  he  belonged. 

He  leaves  a  wife  and  one  son,  George  X.  Lander,  who  is  an 
electrical  inspector  in  the  employ  of  the  Xew  Hampshire 
Board  of  Fire  Underwriters.  The  burial  was  in  Blossom  Hill 
Cemetery,  near  Concord,  and  the  funeral  was  attended  by 
many  prominent  railroad  officers  and  other  old  friends. 


John  Newell. 

The  news  of  the  death  of  John  Xewell,  President  and  Gen- 
eral Manager  of  the  Lake  Shore  &  Michigan  Southern  Rail- 
way, who  died  at  Youngstown,  O..  on  August  27,  reached  us 
too  late  to  be  announced  in  our  last  issue.  Of  his  life  and 
death  it  was  said  in  the  Travellers'  Official  Chtide  : 

"  His  death  was  the  result  of  a  slight  stroke  of  paralysis, 
undoubtedly  caused  by  overwork.  Mr.  Xewell  was  62  years 
old  at  the  time  of  his  death.  He  occupied  a  position  of  influ- 
ence far  greater  than  was  necessarily  connected  with  the  im- 
portant offices  which  he  held.  His  will  was  most  indomitable, 
and  his  capacity  for  business  was  enormous.  He  entered  the 
railway  service  in  1846  as  a  rodman,  and  was  afterward  As- 
sistant Engineer  of  the  Central  Vermont  Railroad.  In  1851  he 
worked  on  the  extension  of  the  Champlain  it  St.  Lawrence 
Railroad,  and  in  1852  and  1853  he  surveyed  the  routes  of  rail- 
roads from  Louisville  to  Cincinnati  and  from  Saratoga  to 
Sackett's  Harbor,  X.  Y.  In  1855  he  was  Engineer  of  the  old 
Cairo  City  Railroad,  and  from  1856-65  Engineer  of  Mainte- 
nance of  Way  of  the  Illinois  Central  Railroad.  From  1865-68 
he  was  President  of  the  Cleveland  &  Toledo  Railroad,  now  a 
part  of  the  Lake  Shore,  and  during  the  next  succeeding  year 
Engineer  and  Superintendent  of  I  he  Xew  York  Central.  From 
71  he  was  Vice-President  of  the  Illinois  Central  and  for  3 
years  after  that  President  of  the  same  road.  In  1875  he  be- 
came General  Manager  of  the  Lake  Shore,  and  since  1883_he 
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has  been  both  President  and  General  Manager  of  the  same 
road.  At  the  time  of  his  death  he  was  also  President  of  the 
Pittsburgh  &  Lake  Erie  Kailroad." 

Mr.  D.  W.  Caldwell  has  been  elected  General  Manager  of 
the  Lake  Shore  Road  to  succeed  Mr.  Newell.  It  is  understood 
that  Mr.  Caldwell  will  eventually  succeed  to  the  presidency. 


PERSONALS. 


Mr.  W.  H.  Thomas  is  hereby  appointed  Assistant  Superin- 
tendent of  Motive  Power,  with  jurisdiction  over  both  the  East- 
ern and  Western  systems.  All  officers  and  employes  in  the 
motive  power  department  will  obey  his  instructions. 

R.  D.  Wade,  Superintendent  of  Motive  Power  of  the  South- 
ern Railway  Company,  has  had  his  jurisdiction  extended  to 
include  the  Eastern  system.  The  assistant  superintendents 
of  motive  power  and  master  mechanics  will  report  and  re- 
ceive their  orders  from  him  ;  road  firemen  of  engines,  as 
well  as  engineers  and  firemen,  are  under  his  control,  and  report 
to  him  through  the  master  mechanics  in  all  matters  relative  to 
the  condition  of  locomotives  ;  but  in  matters  pertaining  to  the 
discipline  on  the  road  they  are  under  the  direction  and  control 
of  the  superintendents,  who  have  full  authority  to  suspend  or 
discharge  them. 


Manufactures. 


STEAM  HOSE. 


One  of  the  practical  difficulties  encountered  in  heating  cars 
with  steam,  and  also  in  operating  air  brakes,  is  in  getting  hose 
for  conducting  the  steam  and  compressed  air  from  one  car  to 
the  other,  which  will  stand  the  service  in  which  it  is  used. 
By  the  action  of  the  steam  especially  a  process  of  decomposi- 
tion, or,  rather,  disintegration,  takes  place  of  the  inner  lining 
of  the  hose,  which  becomes  softened  and  swells,  and  in  time 
becomes  exfoliated  and  is  detached  in  shreds  from  the  body  of 
the  hose,  and  the  inner  coating  is  thus  ulti- 
mately destroyed.  The  hose,  in  fact,  is 
subject  to  a  process  of  deterioration,  the 
effects  of  which  are  analogous  to  those  re- 
sulting from  inflammation  of  the  bowels  of 
men  and  other  animals.  The  heat  of  the 
steam  inflames  or  swells  the  inner  lining  of 
the  hose,  which  diminishes  its  internal  di- 
ameter ;  and  later,  as  stated,  shreds  are 
detached  which  are  carried  into  the  pipes 
and  to  the  valves  and  other  attachments  of 
the  heating  apparatus,  thus  clogging  them 
and  interfering  with  their  action. 

For  a  long  time  the  belief  was  entertained 
by  manufacturers  of  rubber  hose  that,  in 
order  to  withstand  the  action  of  steam,  it 
was  necessary  to  compound  the  material  of 
which  it  is  made  with  large  quantities  of 
mineral  substances.  After  much  fruitless 
experiments  it  was  discovered  that  this 
was  a  mistake.  Experience  in  this  direction 
was,  in  fact,  somewhat  like  early  experience 
with  lubricants.  Some  of  us  can  remember 
the  time,  before  petroleum  was  discovered, 
when  the  mechanical  world  still  enjoyed 
the  benefits  of  that  unrivaled  lubricator, 
sperm  oil.  A.s  the  use  of  machinery  was 
extended  and  increased  the  demand  for  the  oil  exceeded  the  sup- 
ply, and  it  became  too  expensive  for  general  use,  and  a  substitute 
was  sought  in  various  directions.  In  this  connection  the  writer 
recalls  an  early  incident  of  his  old  boss,  Ross  Winans,  who 
had  the  commendable  characteristic  that  he  would  always  give 
whoever  came  to  see  him  a  hearing  if  he  deserved  it.  One  day 
a  dapper  salesman  came  to  the  office  to  sell  some  new  "  blend- 
ed" oils,  and  dilated  at  considerable  length  on  the  skill  with 
which  a  variety  of  ingredients  were  compounded  so  as  to  pro- 
duce the  best  results.  Winans  listened  to  him  with  great  pa- 
tience until  he  was  through.  "Well,"  he  said,  "what  you 
say  may  all  be  so  ;  but  I  have  been  using  oil  for  more  than 
forty  years,  and  my  experience  is  that  there  is  nothing  as  good 
as  pure  sperm  oil.  and  the  more  you  mix  the  d — n  stuff  the 
worse  it  gets."     The  experience  of  some  of  the  manufacturers 


of  hose  regarding  india-rubber  corresponds  with  that  of  Winans 
with  reference  to  oil.  The  purer  and  the  better  the  rubber, 
the  less  mixing  is  required  to  get  good  service  out  of  it. 

After  the  difficulties  which  have  been  described  in  the  use 
of  hose  were  encountered,  it  was  attempted  to  retain  its  inside 
diameter  and  to  obviate  the  effects  of  the  swelling  of  its  lining 
by  inserting  a  coil  of  wire.  This,  however,  resulted  in  little 
or  no  benefit,  but  was  rather  an  injury,  as  the  rubber  would 
swell  between  the  wire  and  would  thus  protrude  inwardly, 
and  the  wire,  by  being  heated  and  through  mechanical  action, 
chafed  the  rubber  and  detached  it  in  shreds,  so  that  the  hose 
was  ultimately  destroyed  much  quicker  than  it  was  when  wire- 
was  not  used. 

To  carry  our  pathological  simile  a  little  further,  it  may  be 
said  of  rubber  hose,  as  of  mankind,  that  a  prime  condition  es- 
sential to  longevity  and  health  is  to  be  properly  born,  and  to 
have  a  good  constitution  to  begin  with.  It  is  of  the  utmost 
importance  that  the  original  materials  of  which  hose  is  consti- 
tuted should  be  the  best  obtainable.  The  Peerless  Rubber 
Manufacturing  Company  and  others  have  spent  much  time 
and  money  in  the  investigation  of  the  conditions  essential  to 
the  longevity  of  rubber  hose,  and  their  conclusion  is  that,  like 
animals,  good  stock  is  one  and  a  very  important  safeguard 
against  what  may  be  called  the  intestinal  diseases  to  which 
hose  is  liable,  and  that  the  best  stock  which  can  be  used  is 
fine  Para  rubber.  With  a  good  original  constitution,  the  patho- 
logical parallel  may  be  carried  still  further.  It  is  found  that 
for  diseases  of  organisms  thus  constituted  very  simple  reme- 
dies are  required.  Some  years  ago,  while  Mr.  C.  II.  Dale,  the 
General  Manager  of  the  Peerless  Rubber  Manufacturing  Com- 
pany, was  in  England,  he  discovered  a  very  simple  compound 
of  which  steam  hose  manufactured  there  is  made,  the  basis, 
however,  being  fine  Para  rubber.  While  it  is  thought  by  good 
Americans,  who  are  believers  in  the  McKinley  tariff,  that  for- 
eign manufacturers  are  not  the  peers  of  the  Peerless  Rubber 
Company,  it  is  true,  nevertheless,  that  steam  hose  made  of  the 
compound  discovered  by  Mr.  Dale  has  given  phenomenal  re- 
sults. While  no  pretense  is  made  that  there  are  any  great 
secrets  in  the  compounding  of  rubber  for  mechanical  purposes, 
nevertheless  the  ingredient  referred  to  is  not  generally  known. 
It  may  be  added,  however,  that  it  is  a  very  simple  remedy  for 
the  disorders  of  rubber  hose,  and  it  in  no  way  interferes  with 
the  elasticity  and  flexibility  of  the  gum  with  which  it  is  com- 
pounded. In  this  respect  it  differs  from  all  of  the  minerals 
heretofore  employed   in  compounding.     In  order  to  get  the 


ARRANGEMENT    OP 
PLACED  HORIZON 


STEAM    HOSE    FOR    THE    PENNSYLVANIA    RAILROAD-HOSE 
TALLY  AS  IN  ENGRAVING.  THUS  DOING  AWAY  WITH  SAG. 

best  service  it  is  necessary  that  the  tube,  friction,  coating  ami 
jacket  of  the  hose  should  all  be  made  of  the  same  fine  material 
throughout.  This  necessarily  increases  the  price  of  hose  quite 
largely,  and  in  these  hard  times  it  is  not  easy  to  convince  buy- 
ers that  the  more  expensive  article  is  the  cheapest  in  the  end. 
It  is  asserted  by  the  Peerless  Rubber  Manufacturing  Company 
that  all  of  the  steam  hose  manufactured  by  them  for  car  heat- 
ing during  the  years  1893  and  1894,  on  this  principle,  gave 
very  satisfactory  results,  wearing  the  entire  season  ;  and  it  is 
safe  to  say  that  80  per  cent,  of  it  is  still  in  good  condition  and 
fit  for  service  for  the  seasou  of  1894-95.  They  are  prepared 
to  supply  hose  for  car  heating  with  a  guarantee  of  one  season  ; 
and  they  claim  that  there  is  no  question  but  that  90  per  cent, 
of  it  will  wear  two  seasons  in  service  provided  it  is  properly 
cared  for  and  removed  during  the  summer  mouths,  when  steam 
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heat  ia  not  needed — that  is,  if  it  is  taken  off  the  cars  and  care- 
fully stored  until  required  in  the  fall. 

The  office  of  the  Peerless  Rubber  Manufacturing  Company 
is  at  No.  16  Warren  Street,  New  York. 


THE    HANCOCK    LOCOMOTIVE    INSPIRATOR 
FOR  1894. 


One  of  the  most  important  elements  in  a  good  injector  for 
locomotive  service  is  its  ability  to  operate  efficiently  through  a 
wide  range  of  steam  pressures  without  adjustment.  Many 
devices  have  been  invented  and  placed  upon  the  market  to  ac- 
complish this  end,  but  in  nearly  every  case  it  has  only  been 
partially  and  very  imperfectly  effected  by  automatic  devices  of 
various  kinds. 

It  has  been  found  impossible  to  make  a  reliable  jet  apparatus 
that  will  work  successfully  through  a  range  of  200  lbs.  of  steam 
pressure  where  one  jet  only  is  employed  without  using  auto- 
matic devices  for  movement  of  its  parts.  The  double-jet  ap- 
paratus for  use  on  locomotives  as  heretofore  constructed,  and 
to  be  operated  with  one  movement,  has  been  too  complicated 
for  practical  use,  the  movement  of  its  parts  being  confined  to 
strictly  time  adjustment  in  their  relations  one  to  the  other. 
This  was  a  very  objectionable  feature  in  the  old  style  of  loco- 
motive inspirator  which  has  been  wholly  overcome  in  the  im- 
proved locomotive  inspirator  of  1894.  Such  has  been  the  press 
of  business  in  other  kindred  lines  that  the  Hancock  Company 
have  not  been  able  until  quite  recently  to  devote  the  time  and 
attention  necessary  to  the  development  of  a  new  and  practically 
perfect  locomotive  inspirator. 

The  1894  instrument  made  by  the  Hancock  Inspirator  Com- 
pany differs  from  the  locomotive  inspirators  hitherto  made  by 
that  company,  in  that  it  is  very  much  simplified  in  its  con- 
struction and  operation  ;  it  is  also  much  more  efficient,  and  is 
especially  constructed  for  the  extreme  service  required  by  the 
locomotive.  It  operates  'with  from  30  to  250  lbs.  steam  press- 
ure without  adjustment,  and  has  a  minimum  capacity  of  50 
per  cent,  of  its  maximum.  It  will  take  water  at  a  tempera- 
ture of  120°  F.  at  any  steam  pressure,  and  cannot  be  balked  by 
a  hot  machine  or  suction  caused  by  a  leaky  steam  valve,  or 
by  blowing  back  into  the 
tank,  and  it  will  deliver 
a  constantly  increasing 
supply  of  water  with  in- 
creasing steam  pressures. 

The  new  inspirator 
contains  the  special  fea- 
ture of  the  old  style  of  a 
double  set  of  tubes,  one, 
a,  for  lifting  and  the 
other,  b,  for  forcing  ;  but 
these  have  been  much 
improved  and  are  now 
specially  adapted  for  ser- 
v  i c e  on  locomotives. 
Fig.  1  represents  an  ex- 
ternal view  of  one  of 
these  instruments,  and 
tig.  2  a  longitudinal  sec- 
tion. It  will  be  noticed 
that  they  are  shown  in 
reversed  positions,  in  or- 
der to  show  the  different 
parts  in  each  view.  A 
is  the  steam  supply  pipe, 
B  the  water  supply,  D 
the  feed  pipe  to  boiler, 
and  0  the  overtlow. 

The  action  of  the  in- 
spirator is  controlled  by 
a  double  steam  valve  pe- 
culiar to  this  form  of  in- 
spirator, consisting  of  a 
valve,  e,  within  another 
valve,/.  The  inner  one, 
e,  is  opened  by  a  slight 
movement  of  the  lever  d, 
which  admits  steam  to  the 

chamber #  and  to  the  lifter  nozzle  /),  which  starts  the  water  flow- 
ing through  the  combining  tube  a  into  the  chamber  ;'.  The 
water  pressure  in  this  chamber  raises  the  intermediate  valve  c 
and  allows  the  water  to  tlow  upward  and  then  downward,  and 
it  escapes  through  the  overflow  valve,;'  into  the  chamber  />  and 
out  through  the  overtlow  pipe  G.  When  a  current  of  this  kind 
is  once  established  the  lever  d  is  drawn  farther  toward  the 


right,  which  opens  the  main  valve  /and  allows  steam  to  flow 
through  the  opening  at  I  into  the  chamber  in  and  through  the 
nozzle  n  into  the  tube  b.  This  starts  the  forcing  current  of 
water  through  the  tube  /'  into  the  chamber  0.     The  pressure  in 


THE  HANCOCK  LCCOMOTIVB  INSPIRATOR. 

0  then  closes  the  valve  c,  and  a  further  movement  of  the  lever 
d  closes  the  overtlow  valve  3.  As  soon  as  the  pressure  in  0  ex- 
ceeds the  boiler  pressures,  the  check  valve  p  is  opened  and  the 
current  of  water  flows  through  the  feed  pipe  I)  into  the  boiler. 
In  order  to  regulate  the  amount  of  water  fed  to  boiler  a  de- 
vice is  provided  which  consists  of  a  valve,  s,  on  the  end  of  a 
spindle,  r,  which  is  operated  by  a  handwheel,  q.  By  this 
means  the  feed  may  be  regulated  from  the  maximum  to  the 
minimum  capacity  without  touching  the  lever  and  without 


LONGITUDINAL  SECTION  OF  THE  HANCOCK  LOCOMOTIVE  INSPIRATOR. 

using  a  lazy-cock  or  regulating  valve  in  the  suction.  This  is 
claimed  to  be  the  first  adaptation  of  this  device  for  this  purpose 
ever  .successfully  applied  to  a  jet  apparatus. 

The  operation  of  the  machines  when  put  to  work  is  as  fol- 
lows :  A  slight  pull  of  the  lever  d  opens  the  valve  e,  which 
admits  steam  through  the  main  valve/  and  steam  ports  to  the 
lifting  side  g  and  lifter  steam;  nozzle  h.     The  flow  of  steam 
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through  the  lifter  tube  a  then  produces  a  partial  vacuum  in 
the  chamber  t  and  suction  pipe  B  which  causes  the  water  to 
flow  upward  through  B  and  through  the  lifter  tube  a  into  the 
forcing  chamber  t  and  through  the  intermediate  overflow 
valve  e,  which  opens  to  the  chamber  containing  the  valve  j 
and  to  the  chamber  k  and  overflow  pipe  0.  The  intermediate 
overflow  valve  c  being  located  above  the  mouth  of  the  forcing 
tube  b,  allows  a  quantity  of  water  to  flow  through  it  and 
around  the  forcing  nozzle  n,  which  is  sufficient  to  condense 
the  steam  which  flows  through  it,  and  which  at  this  period  is 
admitted  to  it  by  a  further  movement  of  the  lever  4  and  valve 
/.  This  current  of  steam  starts  the  jet  of  water  through  the 
tube  b  which  raises  the  pressure  in  the  delivery  chamber  o 
above  that  in  the  forcing  chamber  i,  which  causes  the  inter- 
mediate valve  c  to  close,  thus  diverting  all  the  water  through 
the  tube  b  and  thence  to  the  boiler,  where  the  final  overflow 
valve  j  is  closed  by  the  complete  movement  of  the  lever  d. 
This  operation,  which  takes  many  words  to  describe,  is  effect- 
ed in  practice  in  a  few  seconds. 

These  inspirators  are  made  in  four  styles,  to  fit  the  connec- 
tions of  all  standard  injectors  in  common  use.  The  Hancock 
Inspirator  Company  have  the  best  possible  facilities  for  pro- 
ducing these  goods  ;  they  have  a  large  factory  and  brass  foun- 
dry filled  with  the  latest  improved  machinery  and  employ  the 
best  engineering  and  mechanical  talent  to  be  obtained,  thus 
insuring  the  highest  possible  efficiency  and  the  greatest  dura- 
bility for  their  products.  Their  experience  of  nearly  twenty 
years  in  the  business  of  manufacturing  jet  apparatus  and  the 
reputation  acquired  is  a  guarantee  of  all  the  claims  made  by 
them. 

For  further  information  address  the  Hancock  Inspirator 
Company,  Boston,  Mass. 


PAGE  WOVEN-WIRE  FENCE  COMPANY. 


The  effect  of  hard  times  on  different  people  in  business  is 
very  peculiar  ;  some  men  seem  to  fall  into  a  state  of  bewilder- 
ment, and  rush  to  and  fro  without  any  definite  purpose  ;  others 
act  upon  the  lawyer's  maxim,  "  When  you  do  not  know  what 
to  do,  do  nothing. "  The  conduct  and  conversation  of  some 
men  during  periods  of  depression  would  lead  you  to  think  that 
they  never  expected  to  do  business  again,  but  intended  to  quiet- 
ly fold  their  hands  and  dry  up.  The  latter  they  often  do,  while 
those  who  follow  the  advice  of  Livy,  and  "  assume  in  adversity 
a  countenance  of  prosperity,"  are  the  class  of  people  who  usually 
come  out  ahead.  Now,  whatever  may  be  our  opinions  about 
the  McKinley  or  the  Gorman  tariff,  the  prospects  of  business, 
or  any  other  question,  this  much  is  true  :  that  most  of  us  must 
continue  in  business  whether  times  are  good  or  bad.  Evident- 
ly the  company  whose  name  is  at  the  head  of  this  article  are 
acting  upon  this  assumption.  They  are  making  wire  fencing, 
and  mean  that  the  whole  world,  but  especially  the  railroad 
portion  of  it,  shall  know  it.  With  this  object  in  view,  they 
took  the  trouble  to  be  adequately  represented  at  the  recent 
Road  Masters'  Convention,  which  was  held  in  New  York. 
Mr.  P.  O.  Fisher  was  on  hand,  prepared  to  show  the  merits  of 
their  products,  and  their  facilities  for  fencing  in  anything,  from 
a  cemetery  lot  to  a  transcontinental  railroad.  They  have  also 
adopted  the  plan  of  publishing  very  attractive  full-page  ad- 
vertisements in  the  railway  papers,  one  of  which  appears  on 
page  xxxiv.  of  this  issue.  They  have  had  photographs  made 
showing  specimens  of  their  fence  and  its  use  along  the  lines  of 
railroads.  One  of  these  is  a  view  on  the  Lake  Shore  Railroad, 
and  represents  one  of  its  fast  mail  trains  running  at  full  speed 
protected  by  this  woven-wire  fence.  Another  picture  repre- 
sents a  scene  along  the  line  of  the  same  road,  which  is  again 
enclosed  by  the  woven-wire  barrier,  but  with  a  contemplative 
cow  and  three  capricious  calves  in  the  foreground.  Now.  it  is 
obvious  from  these  illustrations  that  if  the  protective  guardian- 
ship of  the  fence  did  not  exist  that  the  cow  and  the  calves 
might  wander  on  to  the  track  where  the  train  is,  the  result  of 
which  might  be  that  the  train  and  the  cow  might  change  places 
— that  is,  the  cow  would  then  be  on  the  track  dead  and  the 
train  in  the  field.  Just  what  does  happen  when  roads  are  not 
fenced  is  shown  by  the  following  report  of  an  occurrence  on  a 
Western  railroad  : 

Schniedek's  Falls,  September  3,  1894. 
To  Mr.  D.  M.  Tellek,  The  Honorable  Road  Master Rail- 
road : 
Dear   Suk  :   Your  humble   servant   Andy   Terry,  Section 
Foreman  at  the  Falls  above  knows  but  very  little  in  regards  to 
the  killen  of  the  bull  on  last  Tuesday. 

But  howsuever  what  right  had  he  there,  when  he  lived  two 
miles  beyant  the  right  of  way,  but  nevertheless  he  came  over, 
along  in  company  with  two  of  his  friends,  and,  in  the  height 


of  their  jollity,  they  were  cavorting  the  whole  of  the  afternoon 
up  and  down  the  right  of  way,  and  presently  along  comes  num- 
ber 7  and  hits  the  little  bull  a  welt  in  th;  back  and  knocks  him 
to  the  road  below  and  breaks  his  bones  to  atoms— and  the  bull 
is  dead.  That  is  all  I  know  in  regards  to  the  killen  of  the  bull. 
Your  Humble  Servant  at  the  Falls  above, 

Axdt  Tekbt, 
Section  Fun: 
P.S.— If  there  had  been  Woven- Wire  Fence  along  the  road 
the  little  bull  would  still  be  alive. 

This  company  reports  that  they  have  sold  2,497i  miles  of 
fence  in  8  months.  At  this  rate,  it  will  not  take  a  great  while 
to  girdle  the  earth. 


Recent  Patents. 


BROWN"  S  ELECTRIC   RAILWAY   CAR. 

Mr.  Charles  Brown,  of  Basle,  Switzerland,  whose  in- 
genious designs  of  locomotives  and  other  machinery  have  given - 
him  a  world-wide  reputation,  has  turned  his  attention  toelec- 
tric  cars,  and  has  taken  out  a  number  of  patents  in  this  and  in 
European  countries.  These,  it  is  thought,  will  be  worthy  of 
the  careful  study  of  those  of  our  readers  who  are  interested 
in  this  class  of  machinery.  The  following  is  one  of  the  most 
interesting  of  them  : 

"  The  main  objects  of  my  invention,  "he  says  in  his  specifica- 
tions, "  are  to  facilitate  the  running  of  street  cars  upon  curves 
without  unnecessary  strain  or  wear  upon  the  running  gear,  to 
increase  the  capacity  and  efficiency  of  self -propel  lingcars  of 
this  class,  to  facilitate  access  to  and  inspection  of  the  motors, 
to  protect  the  motors  from  mud,  dust  and  moisture,  etc. 

"  It  consists  essentially  of  mounting  the  car  upon  four  inde- 
pendent trucks,  each  having  two  wheels  in  tandem  and  jointed 
connections  with  the  car,  whereby  the  wheels  of  each  truck  are 
permitted,  independently  of  the  "wheels  of  the  other  trucks,  to 
adapt  themselves  in  position  to  curves  and  irregularities  in  the 
track,  and  of  providing  each  truck  with  an  independent  motor. 

"  It  consists  also  of  locating  the  motor  between  the  wheels  of 
each  truck  with  which  it  is  connected  by  suitable  gearing,  and 
of  enclosing  the  motor  and  the  gearing  connecting  it  with  the 
truck  wheels  in  a  casing  constituting  a  portion  of  the  truck 
frame  :  and  of  certain  other  peculiarities  of  construction  and 
arrangement  hereinafter  particularly  described  and  pointed  out 
in  the  claims. 

' '  In  the  accompanying  drawings  like  letters  designate  the 
same  parts  in  the  several  figures. 

"  Fig.  1  represents  a  motor  truck  embodying  my  improve- 
ments, partially  in  side  elevation  and  partially~in  vertical  sec- 
tion cutting  the  horizontal  axis  of  the  truck  transversely.  Fig. 
2  is  a  horizontal  section  of  said  truck  in  a  plane  cutting  the 
axis  of  the  truck  wheels.  Fig.  3  represents  two  connected 
trucks,  one  being  shown  in  end  elevation  and  the  other  in  ver- 
tical cross  section  cutting  the  horizontal  axis  of  the  truck. 
Fig.  4  is  a  plan  view  of  a  pair  of  trucks.  Fig.  5  is  a  side  ele- 
vation of  a  car  mounted  upon  my  improved  trucks.  Figs.  6 
and  7  are  diagrams  illustrating  the  manner  in  which  the  truck 
wheels  of  a  car  provided  with  my  improvements  adapt  them- 
selves to  curves,  a  simple  curve  being  shown  in  fig.  6  and  a 
combined  or  reverse  curve  in  fig.  7  ;  and  tig.  S  is  a  diagram 
illustrating  the  position  of  the  wheels  of  an  ordinary  street  car 
with  reference  to  a  curve  of  the  same  radius  as  those  shown  in 
figs.  6  and  7. 

"  Heretofore  electric  motors  for  street  railway  service  have 
been  applied  to  cars  of  a  construction  like  or  similar  to  that  of 
horse  cars,  which  are  usually  provided  with  two  pairs  of  wheels 
rigidly  mounted  upon  axles  extending  from  one  side  of  the  car 
to  the  other,  and  rigidly  held  by  their  bearings  at  the  same  dis- 
tance apart  at  both  ends,  so  that  in  passing  around  curves,  es- 
pecially of  the  short  radius  usually  found  in  street  railways, 
the  wheels  on  one  side  of  the  car  are  compelled  to  slip  upon 
the  rail.  This  difficulty  of  adaptation  of  the  wheels  to  the 
curves  is  not  serious  in  the  use  of  horse  cars  which  are  made 
as  light  as  possible  and  are  guided  upon  the  rails  by  the  draft 
of  the  animals  ;  but  the  difficulty  is  greatly  increased  and  be- 
comes serious  by  reason  of  the  increased  weight  necessary  in 
the  adaptation  of  such  cars  to  self -propulsion.  The  additional 
load  thus  placed  upon  the  truck  wheels  renders  their  adapta- 
tion to  curves  by  slipping  on  one  side  of  the  track  much  more 
difficult,  and  the  strain  and  wear  upon  the  running  gears,  motors, 
etc.,  correspondingly  greater.  The  location  of  the  motor- 
hen-tofore,  under  the  floors  of  the  cars,  renders  w 
motors  for  the  purpose  of  inspection  and  proper  care  difficult 
and  inconvenient  in  many  ways,  and  exposes  them  to  dust, 
mud,  etc.  The  gears  are  thus  subjected  to  rapid  wear,  ami 
the  insulation  of  the  conductors  thus  exposed  rapidly  deterio- 
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rates  and  tends  to  the  destruction  of  the  armatures.     These 
difficulties  it  is  the  aim  of  my  invention  to  overcome. 

"  Referring  to  figs.  1-4  inclusive  of  the  drawings,  A  represents 
a  truck  frame  formed  in  the  middle  between  its  wheels,  F  F, 
with  a  casing  for  the  electric  motor,  of  which  B  B  are  the  field 
magnets,  0  the  armature,  and  C  the  collector  or  commutator. 
The  frame  A  is  pivoted  at  the  middle  of  its  upper  side  to  a 
horizontal  plate.  A',  so  as  to  turn  horizontally  on  a  vertical 


axis,  a  a,  midway  between  the  points  of  contact  between  the 
wheels  F  Fam\  the  rail  upon  which  they  run.  The  plate  .1 
is  formed  on  the  upper  side  with  a  cup.  A*,  which  is  loosely 
inserted  in  a  cap,  B,  secured  in  the  base  of  the  car.  Sufficient 
play  is  allowed  between  the  cup  A'  and  the  inner  face  d  of  the 
cap  D,  to  permit  the  plate  A'  to  turn  a  limited  distance  upon 
the  shaft  E,  upon  the  end  of  which  it  is  mounted.  The  weight 
of  the  car  body  is  carried  by  springs  d'  d'  interposed  between 
the  cups  A*  and  the  caps  B.  The  corresponding  trucks  on 
opposite  sides  of  the  car  are  connected  by  the  shaft  E  and 


firmly  held  in  their  proper  relative  positions  while  they  are 
each  permitted  to  turn  independently  of  the  other  upon  said 
shaft,  so  as  to  allow  the  wheels  on  either  side  of  the  car  to  fol- 
low vertical  variations  in  the  rails.  The  vertical  axes  n  a,  on 
which  the  several  trucks  turn  horizontally  to  permit  the 
truck  wheels  to  readily  follow  without  binding  curves 
in  the  track,  intersect  the  axes  of  the  shafts  E,  on  which 
the  trucks  swing  vertically  to  permit  of  the  wheels  following 
variations  in  the  level  of  the  rails.  Each  plate  A'  is  formed  on 
the  upper  side  between  it  and  the  cup.43  with  a  sleeve  fitted  to 
the  end  of  the  shaft  E,  upon  which  it  is  held  by  the  shoulder 
e  and  collar  E' .  This  sleeve  is  allowed  a  limited  amount  of 
endwise  play  upon  the  shaft  E,  as  shown  in  fig.  3,  to  permit 
the  trucks  to  adapt  themselves  to  variations  in  the  course  of 
either  rail.  Upon  the  inner  end  of  eaeh  armature  shaft  arc 
mounted  two  separate  sprocket  wheels  C"  C"  which  are  con- 


=^L_U£-^L, 


nected  by  and  transmit  their  motion  through  chain  belts  to 
sprocket  wheels  F'  F'  connected  with  the  truck  wheels  F  F. 
The  truck  wheels  F  Fand  sprocket  wheels  F'  F'  are  prefer- 
ably mounted  upon  sleeves  F*,  which  turn  upon  shafts  secured 
at  the  ends  in  frame  A.  The  sprocket  wheels  C"  C"  and  F'  F' 
and  the  chain  belts  F*  F3  connecting  them  are  enclosed  in  a 
case  which  constitutes  a  part  of  the  frame  A  and  protects  them 
from  mud,  dust  and  moisture.  It  will  be  observed  that  the 
motors  are  located  on  the  outer  sides  of  the  trucks,  with  their 
commutators  or  collectors  C  outside,  thus  affording  easy  ac- 
cess thereto. 

' '  Figs.  6  and  ?,  illustrating  in  diagram  a  car  with  four  trucks, 
having  jointed  connections  therewith  in  accordance  with  my 
invention,  placed  upon  two  curves  of  30  ft.  radius,  one  simple 
and  the  other  compound  or  reverse,  show  in  connection  with 
fig.  8,  which  illustrates  in  diagram  a  car  of  the  ordinary  con- 
struction on  a  curve  of  the  same  radius,  the  great  advantage  of 
my  improved  system  of  trucks  in  comparison  with  the  old.  It 
will  be  observed  also  by  reference  to  fig.  5  that  my  system 
permits  of  the  employment  of  cars  of  greater  capacity  than 
those  at  present  in  use,  and  that  the  arrangement  of  the  run- 
ning gear  affords  ample  space  between  the  trucks  for  storage 
batteries  G  6,  when  they  are  employed  to  supply  the  motive 
power.  This  position  of  the  batteries  is  for  many  obvious  rea- 
sons preferable  to  that  in  which  they  are  usually  placed  under 
the  seats  or  upon  the  trucks. " 

The  number  of  this  patent  is  -194,319,  and  it  is  dated  March 
28,  1893. 
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Under  this  heading  we  shall  hereafter  publish  all  matter 
relating  to  the  interesting  subject  of  Aerial  Navigation,  a 
branch  of  engineering  which  is  rapidly  increasing  in  general 
interest.  Mr.  0.  Chanute,  C.E.,  of  Chicago,  has  consented  to 
act  as  Associate  Editor  for  this  department,  and  will  be  a  fre- 
quent contributor  to  it. 

Headers  of  this  department  are  requested  to  [send  the  names 
and  addresses  of  persons  interested  in  the  subject  of  Aeronautics 
to  the  publisher  of  The  American  Journal. 

A  WAR  BALLOON  STRUCK  BY  LIGHTNING. 


(From  the  London  Timet  of  September  6.) 


An  extraordinary  accident,  happily  not  attended  with  fatal 
results,  occurred  yesterday  afternoon  about  four  o'clock  at  the 
School  of  Military  Ballooning,  at  Aldershot.  A  new  balloon, 
larger  than  any  of  its  predecessors,  was  to  have  been  "  chris- 
tened" by  the  Duchess  of  Connaught.  This  balloon,  to  be 
named  after  her  royal  Highness,  had  been  inflated  during  the 
morning,  and  stood  ready,  gaily  decked  with  bunting.  It 
had  been  arranged  that  the  Duchess  was  to  cut  the  ropes  re- 
taining the  balloon,  and  that  Lieutenant  Baden-Powell,  of  the 
Scots  Guards,  and  two  sergeants  of  Royal  Engineers  were  to 
make  a  free  ascent.  The  Flo,  the  smallest  military  balloon, 
containing  4,700  cub.  ft.  of  gas,  was  also  inflated,  and  bore  a 
large  royal  standard.  As  soon  as  the  royal  party,  consisting 
of  the  Duke  and  Duchess  of  Connaught  and  staff,  arrived  on 
the  ground,  this  smaller  balloon  was  sent  up  captive  as  a  royal 
salute.  Lieutenant  Blakeney  had  intended  to  ascend  init, 
and  had  actually  got  into  the  car  :  but  as  at  this  moment 
some  sudden  strong  gusts  of  wind  arose  and  large  drops  of  rain 
began  to  fall,  it  was  decided  to  send  up  the  balloon  without 
any  one  in  the  car.  The  Flo  then  made  a  beautiful  ascent 
with  its  large  standard  just  as  the  royal  party  entered  the 
grounds,  where  they  were  received  by  Colonel  Sir  A.  Mack- 
worth.  Colonel  Templer,  Lieutenant  Baden-Powell  and  other 
officers. 

As  the  rain  began  to  descend  more  heavily  the  party  repaired 
to  the  storehouse,  and  very  shortly  afterward  the  accident 
happened.  The  balloon  was  held  by  a  wire  cable  about  200 
ft.  long,  fixed  to  the  drum  on  the  balloon  wagon.  Suddenly 
it  was  seen  to  be  struck  by  lightning,  a  blue  light  surrounding 
the  lower  part  of  the  balloon  for  some  seconds,  and  then  a 
flame  shot  up  from  the  ignited  jgas,  and  the  balloon  fell  pre- 
cipitately to  the  earth  amid  a  loud  peal  of  thunder.  Loud 
shouts  from  the  sappers  forming  the  detachment  at  the  wagon 
attracted  attention,  when  it  was  seen  that  three  of  them  were 
rolling  on  the  ground  apparently  in  intense  pain.  It  seems 
that  the  men  were  about  to  haul  the  balloon  down  by  winding 
in  the  winch,  the  handles  of  which  are  covered  with  brass, 
when  suddenly  all  who  had  hold  of  the  winch  were  struck 
down.  Every  assistance  was  immediately  rendered  to  the  in- 
jured men,  the  Duke  of  Connaught  himself  running  to  the  spot 
and  covering  one  of  the  men  with  his  own  great  coat.  It  was 
soon  seen  that,  though  evidently  in  great  agony,  none  of  the 
sufferers  were  very  seriously  injured.  One,  a  bugler,  had  the 
inside  of  his  hand  rather  badly  burned  ;  but  the  worst  case  of 
the  three  showed  no  external  signs  of  injury.  The  car  of  the 
balloon,  which  contained  a  heavy  bag  of  ballast,  fortunately 
fell  without  doing  any  damage.  On  examination  it  was  found 
that  all  the  upper  part  had  been  burned  away,  though  the 
metal  valve  was  almost  uninjured.  Had  any  one  been  in  the 
car,  even  if  he  had  escaped  uninjured  from  the  electric  shock, 
he  would  have  had  a  terrible  fall. 

The  thunderstorm  did  not  last  long,  but  it  was  deemed 
advisable  to  postpone  any  further  experiments.  About  an 
hour  after  the  occurrence  two  of  the  injured  men  were  taken 
by  ambulance  to  the  hospital,  still  being  apparently  in  great 
pain.  No  similar  accident  has  ever  happened  before  "to  an£n;- 
lish  war  balloon,  though  a  somewhat  similar  incident  occuritd 
some  years  ago  in  the  case  of  a  military  balloon  in  Italy. 

A  subsequent  report  said  that  the  three  men  who  were  in- 
jured were  progressing  favorably,  and  no  serious  result  or  dis- 
ablement was  anticipated. 


NAVIGABLE     BALLOON     AT    THE     ANTWERP 
EXHIBITION. 


The  chief  point  of  difference  between  this  lialloon  and  all 
those  which  have  preceded  it  is  in  the  method  of  applying  the 
motive  force.  Instead  of  turning  the  propeller  by  hand,  or 
by  steam  or  other  power  generated  in  the  car,  it  is  to  be 
worked  by  electricity,  conveyed  to  the  balloon  through  a  flexi- 
ble cable  from  dynamos  at  a  central  station.  Practically,  the 
principle  is  the  same  as  with  the  electric  tramways,  except 
that  the  balloon  will  resemble  a  tramcar  without  brakes  ;  but 
it  will  be  subjected  to  another  difficulty  from  which  tramcars 
are  exempt  :  it  will  not  always  be  easy  to  maintain  electric 
connection,  while  it  will  be  extremely  difficult  to  re-establish 
it  if  accidentally  interrupted  while  the  balloon  is  in  the  air. 

The  electricity  is  generated  by  a  pair  of  200-H.P.  gas-en- 
gines, made  by  Messrs.  Fielding  &,  Piatt,  driving  dynamos 
which,  with  switches  and  other  electric  fittings,  have  been 
supplied  by  the  Oerlikon  Works.  To  obtain  gas  for  these 
engines,  as  well  as  for  inflating  the  balloon,  a  complete  plant 
has  been  erected  by  the  Dowson  Economic  Gas  &  Power  Com- 
pany, of  Westminster. 

It  was  at  first  intended  that  the  balloon  should  travel  from 
the  Exhibition  to  the  Bourse,  on  the  roof  of  which  there  was 


Fig    2 
TBOLLET  POLE  FOR  NAVIGABLE  BALLOON. 

to  be  a  station  ;  it  was  also  proposed  in  some  instances  to 
carry  the  cables  on  the  tops  of  existing  telegraph  poles  :  but 
the  postal  authorities  not  only  refused  to  sanction  the  use  of 
the  poles,  but  objected  to  the  cables  crossing  any  lines  of 
wire,  so  a  shorter  and  straighter  route  had  to  be  selected.  It 
was  then  decided — see  dotted  line  on  fig.  1— to  go  straight 
down  the  Rue  Nationale,  which  enters  the  Place  Verte  on  the 
opposite  side  to  the  Cathedral,  to  turn  the  balloon  above  the 
Place  Verte,  and  to  return  by  the  same  route  to  the  starting- 
point.  Six  steel  lattice  trestles,  100  ft.  high,  were  erected  last 
May  to  carry  the  cables.  They  span  the  road  from  pavement 
to  pavement,  having  an  average  width  of  SO  ft.  Fig.  "2  shows 
the  trestle  at  the  end  of  the  Rue  Nationale  furthest  from  the 
Exhibition  ;  the  others  are  less  ornate.  They  are  all  made  of 
'ii  in.  by  34  in.  by  |  in.  angles,  with  2  in.  by  f  in.  flat  plates  ; 
the  legs  being  20  in.  square  at  the  bottom,  and  12  in.  square 
at  the  top.  They  were  each  put  up  in  one  piece,  and  the 
method  of  erection  was  primitive.  The  apparatus  consisted 
of  two  pairs  of  sheer-legs  let  into  timber  sills.  Between  the 
tops  of  the  legs  were  inserted  derricks,  reaching  a  few  feet 
down,  and  secured  by  planks  bolted  across  ;  between  the  legs 
at  the  bottom  were  wooden  windlasses  with  four  square  holes 
at  each  side.  In  these  holes  workmen  had  to  Insert  wooden 
capstan  bars,  climb  up,  and  by  means  of  their  own  weight 
hanging  on  the  bars,  turn  the  windlasses.     The  arrangement 


478 


THE    AMERICAN    ENGINEER 


[October,  1894. 


of  the  top  of  the  trestles  will  be  seen  more  clearly  from  the 
drawing  of  the  trolley,  tigs.  4  and  "i.  The  current  is  conveyed 
from  the  generating  station  by  three  parallel  cables  of  galvan- 
ized steel  wire  1  inT  in  diameter.  These,  which  are  each  1.400 
yds.  long,  are  in  one  piece,  and  are  made  by  Messrs.  Bullivant 
&  Co..  of  Mark  I. 

The  general  arrangement  of  the  balloon  is  shown  on  fig.  3. 

It  is  made  of  linen,  specially   woven  for  the  purpose,  and 

coated  with  three  layers  of  vatnish.     Instead  of  a  net,  an  outer 

envelope  of  the  same  linen  is  used  ;  the  weight  of  the  double 

ring  being  about  4  tons.     It  is  spindle  shaped.  57  ft.  in 


of  papier-mache,  and  although  it  is  capable  of  transmitting 
125  H.P.,  its  weight  is  a  little  under  a  ton.  The  screw  has 
four  blades,  its  diameter  is  26  ft.,  and  M.  Leon  Chanipy.  the 
inventor,  has  calculated  that  in  calm  air  the  balloon  will  be 
able  to  travel  85  miles  an  hour,  and  that  consequently  he  will 
have  sufficient  force  at  his  command  to  be  able  to  drive  the 
balloon  against  a  strong  wind.  The  connection  l>et\veen  the 
three  cables  and  the  dynamo  in  the  car  is  made  by  an  elastic 
cable,  which  passing  over  a  drum  with  an  automatic  coiling 
arrangement  in  the  car,  terminates  in  the  trolley  shown  on 
fig.  4.     The  captain's  station  is  in  the  cylindrical  portion  of 
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DETAILS  OF  NAVIGABLE  BALLOON  AT  THE  ANTWERP  KXUIBITION 


diameter,  and  from  the  foremost  point  to  the  end  of  the  rudder 
measure--  384  ft.  Its  cubic  capacity  is  500,000  ft.  A  valve 
at  the  top  for  letting  out  the  gas  has  a  jiapier-maclU  frame. 
It  is  4  ft.  in  diameter,  and  weighs  only  7U  lbs.  The  car  is 
made  of  steel  gas  piping,  covered  with  wickerwork,  and,  as 
mav  be  seen  by  the  illustration,  it  is  of  very  peculiar  shape. 
The-  center  is  cylindrical,  8  ft-  in  diameter,  and  reaches  down 
to  much  lower"  than  the  front  and  back  portions.  Of  these 
the  front  is  intended  for  passengers  ;  it  is  entirely  closed,  but 
with  windows.  The  back  is  for  the  crew,  and  contains  the 
dvnamo  for  transmitting  the  power  to  the  screw  ;  it  is  shown 
in  fig.  6,  and  is  also  from  the  Oerlikon  Works.     Its  casing  is 


the  car,  and  from  it  he  will  be  able  to  increase  or  diminish  the 
speed  of  the  balloon,  as  well  as  to  raise,  lower,  and  steer  it. 

Antwerp  is  not  the  most  suitable  locality  that  could  be 
found  for  aeronautical  experiments,  as  the  sudden  gusts  of 
wind  from  across  the  Scheldt  will  make  steeling  more  difficult 
than  it  would  be  in  a  steady  breeze.  It  is  also  to  be  regretted 
that  a  course  could  not  bechosen  in  which  it  was  not  neces- 
sary to  make  such  a  sudden  turn  of  the  balloon,  as  will  be  re- 
quired at  the  Place  Yerte,  and  that  the  experiment  was  not 
first  tried  with  a  smaller  balloon,  so  that  the  resistance  to  side 
winds  might  be  less.  Still,  we  hope  to  be  able  to  report  in  a 
few  weeks  that  M.  Champy  has  had  a  satisfactory  trial  run, 
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lor  it  is  certain  that  if  aerial  locomotion  succeeds  at  Antwerp, 
it  will  soon  be  tried  elsewhere  over  a  longer  course. — The 

Engineer. 


THE  DEVELOPMENT  OF  AERIAL  NAVIGATION.* 


By  Hiram  S.  Maxim. 


In  1890  I  tried  a  series  of  experiments  with  a  view  of  ascer- 
taining how  much  power  was  required  to  perform  artificial 
flight.  An  account  of  these  experiments  written  by  myself, 
and  entitled  "Aerial  Navigation — the  Power  Required,"  ap- 
peared in  the  Century  Magazine  of  October,  1891.  The  appa- 
ratus used  in  these  experiments  was  constructed  with  great 
care  and  was  provided  with  all  sorts  of  delicate  instruments 
which  enable  me  to  ascertain  definitely  the  exact  power  re- 
quired for  performing  artificial  flight  on  the  aeroplane  system 
driven  by  screw  propellers. 
"  As  is  well  known,  when  one  flies  a  kite  the  cord  holds  the 
kite  against  the  wind.  The  wind  passing  on  the  under  side  of 
the  kite  strikes  it  at  an  angle  and  raises  the  kite  into  the  air. 
If  the  wind  be  blowing  at  a  high  velocity— say  35  miles  an 
hour — the  kite  will  lift  from  1  lb.  to  5  lbs.  per  square  foot,  ac- 
cording to  the  angle  at  which  it  is  held  in  the  air.  If  the  angle 
be  slight,  the  amount  of  strain  on  the  cord  necessary  to  hold  it 
against  the  wind  will  be  found  considerably  less  than  the 
weight  of  the  kite  and  the  load  which  it  is  able  to  lift,  particu- 
larly so  if  the  cord  pulls  in  a  horizontal  direction  instead  of  at 
an  angle.  It  is  also  well  known  that  if  a  kite  be  propelled  in 
a  calm  through  the  air,  say  at  the  rate  of  35  miles  an  hour, 
the  effect  is  exactly  the  same.  Suppose  now,  instead  of  the 
cord  for  holding  the  kite  against  the  wind  or  for  propelling  it 
against  still  air,  that  a  screw  propeller  should  be  attached  to 
the  kite  and  that  it  should  bo  driven  by  some  motor.  If  the 
screw  propeller  could  be  made  to  give  a  push  equal  to  the  pull 
of  the  kite,  and  if  the  machinery  for  driving  it  should  be  no 
greater  than  the  weight  that  the  kite  would  be  able  to  carry, 
we  should  have  a  veritable  flying  machine. 

In  my  first  experiments  to  ascertain  the  power  required,  the 
aeroplanes  employed  were  formed  of  thin  pieces  of  wood,  the 
under  side  being  slightly  concave  and  the  top  side  slightly 
convex.  These  aeroplanes  I  was  able  to  propel  round  a  circle 
200  ft.  in  circumference  at  a  speed  say  from  20  to  90  miles  an 
hour,  and  with  the  planes  at  any  desired  angles.  When  the 
inclination  was  1  in  14  it  was  found  that  a  thrust  of  5  lbs.  on 
the  screw  would  lift  14  times  5  lbs.,  or  70  lbs.,  on  the  plane. 
It  was  also  found  in  these  experiments  with  a  plane  set  at  an 
angle  of  1  in  14,  that  as  much  as  133  lbs.  could  be  carried  with 
the  expenditure  of  1  H.P.  These  experiments,  which  were 
very  full  and  complete,  and  which  embraced  many  different 
kinds  of  screw  propellers  and  aeroplanes,  demonstrated  that  a 
two  bladed  wooden  propeller  with  a  pitch  slightly  greater 
than  the  diameter,  was  the  most  advantageous,  the  propelling 
power  being  very  great  and  the  loss  by  slip  comparatively 
small.  Narrow  aeroplanes  slightly  concave  on  the  under  side, 
set  at  a  slight  angle  and  driven  at  a  high  speed,  were  found  to 
be  the  most  efficient,  and  any  distortion  or  bagging  of  the 
aeroplane  increased  enormously  the  power  required. 

Having  ascertained  experimentally  the  power  required,  I  at 
once  commenced  experiments  with  a  view  of  developing  the 
necessary  motive  power.  Everything  considered,  1  believe 
that  steam  power  would  be  more  efficient  for  the  weight  than 
any  other  source  of  energy.  First  1  made  two  pairs  of  com- 
pound engines,  the  high-pressure  cylinders  being  5  in.  in 
diameter,  the  low-pressure  cylinders  8  in.  in  diameter,  and  all 
having  a  stroke  of  12  in  In  order  to  make  the  engines  as 
light  as  possible,  the  cylinders  were  made  about  ^  in.  thick, 
of  a  high  grade  of  fluid  compressed  steel.  The  valve  chambers 
and  passageways  were  made  of  seamless  steel  tubes,  the  whole 
being  neatly  riveted  together  and  brazed  with  silver  solder. 

The  crank  shaft  was  of  comparatively  large  diameter,  but 
hollow  and  of  highly  tempered  steel".  All  the  piston  and  valve 
rods,  and  also  the  framework  of  the  engine,  were  constructed 
of  hard  and  thin  tubular  steel.  When  the  engines  were  fin- 
ished they  were  found  to  weigh  300  lbs.  the  pair,  or  600  lbs. 
in  all.  The  high-pressure  cylinder  was  made  with  a  consider- 
able amount  of  clearance,  so  as  to  avoid  danger  if  water 
should  go  over  with  the  steam,  and  the  piston  valves  were 
made  to  cut  off  at  }  stroke,  while  steam  was  cut  off  in  the  low- 
pressure  cylinder  at  £  stroke.  Believing  that  on  some  occa- 
sions I  might  require  to  put  on  a  tremendous  spurt,  I  placed  a 
kind  of  an  injector  valve  between  the  high-pressure  steam 
directly  from  the  boiler  and  the  exhaust  from  the  high-pressure 
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cylinder.  This  injector  was  provided  with  a  spring  value 
regulated  in  such  a  manner  that  in  case  the  boiler  pressure 
should  rise  above  300  lbs.  to  the  square  inch,  instead  of  blow- 
ing off  steam  at  the  safety-valve,  the  steam  would  open  a  pas- 
sage directly  into  the  low-pressure  cylinder,  and,  as  the  pas- 
sageway was  annular  and  arranged  to  be  more  or  less  large  in 
proportion  to  the  steam  passing,  the  steam  in  falling  from  a 
high  to  a  comparatively  low  pressure  was  made  to  do  a  certain 
amount  of  work  on  the  exhaust  steam,  thus  increasing  the 
pressure  in  the  low-pressure  cylinder  without  greatly  increasing 
the  back  pressure  in  the  high-pressure  cylinder.  This  is  a  new 
feature,  which,  I  think,  has  never  been  used  on  a  compound 
engine  before. 

The  first  steam  generator  was  constructed  of  a  very  large 
number  of  small  and  thin  tubes.  It  was  constructed  so  as  to 
admit  water  at  one  end  of  the  series  and  to  draw  steam  from 
the  other  end,  and  to  so  regulate  the  fire  as  to  convert  about 
90  per  cent,  of  the  passing  water  into  steam.  This  boiler  was 
of  great  lightness,  not  weighing  without  its  casing  more  than 
300  lbs.,  and  was  heated  by  50  sq.  ft.  of  flame  ;  but  it  was 
found  impossible  to  so  regulate  the  fire  and  the  water  supply 
as  to  have  comparatively  dry  steam  without  destroying  some 
of  the  tubes.  If  twice  as  much  water  as  is  evaporated  was 
pumped  through  the  boiler,  it  stood  the  heat  fairly  well  ;  but 
upon  any  attempt  being  made  to  reduce  the  quantity  of  water, 
some  of  the  small  tubes,  which  were  of  copper,  would  in- 
variably burst.  This  boiler  was,  however,  remarkable  because 
steam  could  be  raised  in  about  10  seconds,  and  on  some  occa- 
sions an  ample  supply  of  steam  was  made  to  run  the  engines 
up  to  300  H.P. 

The  first  boiler  having  failed,  I  at  once  determined  to  make 
a  boiler  on  a  new  plan,  but  before  doing  so  I  tried  a  series  of 
experiments  so  as  to  be  sure  of  my  ground  in  my  second  at- 
tempt. I  obtained  a  quantity  of  copper  tubes  $  in.  in  diam- 
eter, jl5  in-  thick  and  8  ft  long.  Four  of  these  were  connected 
together  and  provided  with  a  forced  circulation  ;  they  were 
then  placed  in  a  white-hot  furnace  and  made  to  evaporate  at 
the  rate  of  264  lbs.  of  water  per  square  foot  per  hour  at  a 
pressure  of  400  lbs.  to  the  square  inch.  Having  stood  this 
test,  a  single  tube  was  placed  in  a  white-hot  furnace  similarly 
connected,  with  a  view  of  finding  the  bursting  pressure  under 
steam.  It  exploded  at  1,650  lbs.  to  the  square  foot.  Some  hun- 
dreds of  tubes  were  then  tested  with  one  ton  per  square  inch 
pressure  of  cold  kerosene  oil,  and  as  none  of  them  showed  any 
signs  of  leaking,  the  new  boiler  was  constructed  of  these  tubes. 
The  general  form  was  somewhat  similar  to  the  water-tube 
boilers  employed  on  torpedo-boats  in  France  and  England,  ex- 
cept that  the  tubes  were  relatively  much  longer  for  their 
diameter  and  had  twice  as  many  bends  in  them,  and  to  insure 
circulation  a  down-take  for  the  water  outside  the  fire-box  was 
provided.  The  feed-water  in  coming  from  the  pump  passed 
through  a  very  elaborate  network  of  fine  copper  tubes  imme- 
diately over  the  boiler  and  at  a  pressure  30  lbs.  greater  than 
the  boiler  pressure.  A  spring  valve  nozzle  was  interposed  be- 
tween the  feed-water  heater  and  the  down  take  for  the  water 
in  such  a  manner  that  the  escaping  force  of  the  water  operated 
powerfully  on  the  surrounding  water  in  the  down-take,  and 
thus  secured  a  very  rapid  circulation  through  the  long  and 
slender  tubes  which  formed  the  main  heating  surface  of  the 
boiler.  This  new  boiler  has  proved  itself  to  be  very  efficient 
indeed  ;  the  network  of  very  fine  tubes  which  forms  the  feed- 
water  heater  greatly  reduces  the  temperature  of  the  escap- 
ing products  of  combustion,  so  that  the  heating  of  the  top  of 
the  casing  of  the  boiler  is  never  great  enough  to  burn  paint  off 
the  smokestack.  The  new  boiler  was  first  tested  to  410  lbs. 
cold  water  pressure,  and  then  to  325  lbs.  steam  pressure.  Hav- 
ing completed  the  new  boiler  it  was  placed  in  position,  and 
experiments  commenced  with  petroleum  burners.  The  new 
boiler  had  a  very  much  reduced  fire  box.  Whereas  the  first 
experimental  boiler  had  what  might  be  called  40  sq.  ft.  of 
grate  surface,  the  new  boiler  had  only  28  sq.  ft.  In  ordinary 
boilers  heated  by  petroleum  the  furnace  is  supplied  with  one 
or  two  very  powerful  jets,  burning  against  brickwork  or  fire 
clay.  This,  of  course,  would  be  quite  out  of  the  question  with 
a  flying-machine  boiler.  Moreover,  with  such  a  light  boiler  it 
was  not  advisable  to  have  a  very  intense  flame  ;  what  was 
necessary,  of  course,  was  a  very  large  and  even  flame,  so  as  to 
heat  all  tubes  equally.  The  first  burners  experimented  with 
worked  all  right  for  about  100  H.P.  ;  but  whenever  any  at- 
tempt was  made  to  increase  the  flame,  great  unevenness  in  the 
flame  occurred,  some  parts  of  the  fire-box  being  filled  with 
flame,  while  other  parts  had  no  flame  at  all.  After  much  ex- 
perimenting I  finally  decided  to  use  naphtha,  72°  Beaume. 

The  naphtha  was  pumped  into  a  small  and  exceedingly  light 
vertical  boiler,  where  it  was  heated  with  a  (lame  generated  from 
part  of  its  own  contents  arranged  in  such  a  manner  that  when- 
ever the  pressure  of  the  gas  or  the  vapors  of  petroleum  exceed- 
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ed  50  lbs.  to  the  square  inch  the  flame  was  automatically  shut 
off,  while  if  the  pressure  fell  slightly  below  this  the  flame  was 
turned  on  so  that,  no  matter  how  much  gas  or  vapor  was  drawn 
from  the  boiler,  the  pressure  remained  constant.  This  small 
boiler  was  suspended  by  springs  in  such  a  manner  that  when- 
ever the  weight  of  the  contents  exceeded  40  lbs.,  it  moved  the 
boiler  slightly  downward,  which  operated  upon  an  escape- 
ment on  the  pumping  mechanism  in  such  a  manner  that  when 
the  weight  was  greater  than  40  lbs.  the  stroke  of  the  pump 
was  diminished  :  while  if  the  weight  was  less  than  40  lbs.  the 
stroke  was  increased.  This  apparatus  was  found  to  work  ad- 
mirably ;  and  no  matter  how  much  or  how  little  gas  was  drawn 
from  the  generator,  the  weight  of  liquid  and  pressure  of  gas 
always  remained  constant.  The  vapor  was  led  from  the  gen- 
erator through  a  pipe  in  the  furnace,  where  it  became  super- 
heated, and  then  was  blown  through  a  species  of  an  injector 
into  the  furnace,  sucking  a  large  quantity  of  air  through  a 
suitable  opening,  which  could  be  regulated  so  as  to  make  the 
gas  of  any  desired  density. 

Many  burners  were  experimented  with,  the  first  one  having 
as  many  as  14,000  jets  ;  the  one  finally  adopted  had  7,650 
burners,  and  was  so  arranged  that  any  amount  of  gas  might  be 
consumed  without  any  unevenness,  smoking,  or  blowing. 
Having  perfected  my  boiler,  my  gas  generator,  and  my  pump- 
ing apparatus,  so  that  all  worked  smoothly  and  automatically, 
I  attacned  a  pair  of  very  large  and  carefully  made  linen-cov- 
ered wooden  screws  to  the  screw  shafts.  These  screws  were 
17  ft.  10  in.  in  diameter,  and  had  a  slightly  increasing  pitch, 
the  mean  pitch  being  rather  more  than  16  ft.  It  will  be  under- 
stood that  the  boiler  was  placed  upon  a  platform  about  8  ft. 
wide  and  40  ft.  long  ;  that  the  engines  and  screws  were  held 
by  strong  tubular  brackets  above  the  rear  end  of  this  platform, 
and  that  the  whole  was  mounted  on  four  steel  wheels  ;  that 
there  were  springs  interposed  between  the  axletrees  of  these 
wheels  and  the  platform  ;  and  also  that  there  were  vertical 
tubes  and  wires  attached  to  the  platform  which  held  the  large 
aeroplane,  which  is  about  30  ft.  X  50  ft.,  in  position. 

At  the  same  time  that  the  experiments  were  going  on  with 
the  burners  and  boilers,  a  railway  track  1,800  ft.  long  was 
being  laid,  and  the  framework  of  the  machine  was  being 
brought  to  a  state  of  completion.  Upon  moving  the  machine 
on  to  the  track,  tying  it  up  and  attaching  it  to  a  dynamometer, 
I  filled  the  boiler  with  water,  got  up  steam  with  a  slow  fire  in 
about  3  minutes  and  started  my  engines,  when  everything 
was  found  to  run  very  smoothly  indeed. 

With  200  lbs.  pressure  to  the  square  inch,  the  thrust  of  the 
screws  was  about  1,400  lbs.,  but  by  running  the  pressure  up  to 
325  lbs.'to  the  square  inch,  the  thrust  of  the  screws  went  up  in 
the  first  instance  to  1,160  lbs.,  and  finally  in  a  later  trial  to 
1,260  lbs.  These  experiments  should  have  been  tried  on  a 
railway  track  of  considerable  length,  but  as  I  was  only  able  to 
get  a  clear  track  of  1,800  ft.,  it  was  found  necessary  to  pro- 
vide suitable  mechanism  in  order  to  bring  the  machine  to  a 
state  of  rest  without  injury.  The  best  apparatus  for  this  pur- 
pose was  found  to  be  a  series  of  very  strong  ropes  stretched 
across  the  track,  each  end  of  the  rope  being  attached  to  the 
capstan,  and  each  capstan  being  provided  with  a  strong  plank 
which  acted  as  a  fan.  This  apparatus  stopped  the  machine 
without  the  least  shock. 

The  first  experiments  were  tried  without  any  cloth  on  the 
framework,  and  it  was  found  that  when  the  machine  was  lib- 
erated it  started  off  very  quickly,  in  fact  so  quickly  that  it 
nearly  threw  down  any  one  who  was  standing  upon  it. 

After  having  tried  several  experiments  with  the  naked 
framework,  the  main  aeroplane  was  put  in  position  and  a  few 
runs  made,  but  the  bagging  and  distortion  of  the  cloth  was 
such  that  it  required  the  full  power  of  the  engines  with  a 
screw  thrust  of  2,000  lbs.  to  drive  the  machine  at  the  rate  of 
25  miles  an  hour,  and  the  lift  did  not  exceed  the  thrust  of  the 
screws.  This  aeroplane  was  then  removed  and  a  new  one  sub- 
stituted. The  second  aeroplane  was  made  of  two  thicknesses 
of  cloth  completely  inclosing  the  framework  and  arranged  in 
such  a  manner  that  a  portion  of  the  air  could  pass  through  the 
lower  side  and  produce  a  slight  pressure  of  air  between  the 
two  thicknesses.  The  top  side  would  therefore  bag  upward 
and  take  the  lift,  while  the  bottom  side  having  practically  the 
same  pressure  on  both  sides  would  remain  perfectly  straight 
and  would  not  be  distorted  in  the  least  by  running. 

The  first  experiments  with  this  new  aeroplane  were  tried 
with  a  screw  thrust  of  about  800  lbs.,  and  the  lifting  power 
was  actually  more  than  with  the  old  aeroplane  with  2,000  lbs. 
thrust.  Upon  increasing  the  screw  thrust  to  1,200  lbs.,  the 
lift  of  the  aeroplane  was  greatly  increased,  so  that  the  front 
wheels  barely  touched  the  track.  I  saw  that  it  would  not  do 
to  run  at  a  greater  speed,  so  I  put  on  some  very  heavy  wheels, 
weighing  600  lbs.  each,  which  I  believed  would  keep  the  ma- 
chine on  the  track,  even  if  I  ran  the  engines  at  full  speed.     I 


then  greatly  increased  the  thrust  of  the  screw,  and,  finally,  ran 
over  the  track  with  a  screw  thrust  of  about  1,500  lbs.  ;  but, 
unfortunately,  I  met  a  slight  gust  of  wind  coming  from  an  op- 
posite direction,  which  lifted  the  front  end  of  the  machine, 
wheels  and  all,  completely  off  the  track. 

This  accident,  although  it  did  not  injure  the  machinery  in 
the  least,  showed  the  weak  points  in  the  platform  and  frame- 
work of  the  machine,  and  I  determined  to  rebuild  it  complete- 
ly and  to  discard  the  heavy  wheels.  While  the  machine  was 
being  rebuilt  I  put  up  on  each  side  of  the  railway  track,  and 
about  10  ft.  from  the  rails  a  second  track  (inverted)  of  heavy 
wooden  joists,  and  provided  the  new  machine  with  four  addi- 
tional wheels  placed  at  such  a  height  that  when  the  machine 
was  raised  1  in.  clear  from  the  lower  railway  track,  these  new 
wheels  on  outriggers  would  engage  the  lower  side  of  the  joists 
and  thus  keep  the  machine  from  going  off  the  track.  This  ar- 
rangement has  been  found  to  work  exceedingly  well.  It  is 
certainly  a  great  improvement  on  the  old  heavy  wheels,  which 
not  only  made  the  starting  and  stopping  of  the  machine  more 
difficult,  but  also  failed  in  keeping  it  on  the  track.  The  upper 
rail  enabled  me  to  make  a  large  number  of  runs  and  to  note 
carefully  with  suitable  instruments  exactly  how  much  the  ma- 
chine lifted  at  various  speeds.  Having  finished  a  series  of  ex- 
periments and  ascertained  the  lift  of  the  main  aeroplane  with 
a  great  degree  of  nicety,  I  placed  the  fore  and  aft  rudders, 
which  were  intended  to  steer  the  machine  in  a  vertical  direc- 
tion, in  position,  and  made  several  runs  with  these  rudders  at 
different  angles.  They  were  found  to  work  exceedingly  well, 
and  I  was  able  to  depress  or  elevate  either  end  at  will.  The 
machine  had  been  provided  with  10  auxiliary  aeroplanes, 
which  consisted  of  balloon  cloth  stretched  very  tightly  on 
frames,  and  which  could  be  placed  one  above  the  other  (super- 
posed) on  each  side  of  the  machine  if  required.  Of  these  10 
aeroplanes  only  four  were  actually  used,  the  lower  ones  which 
extended  on  either  side  of  the  machine  30  ft.,  and  the  upper 
ones  which  extend  27  ft.  each  side  of  the  main  aeroplane  and 
which  bring  up  the  total  width  of  the  machine  to  104  ft. 
These  long  and  comparatively  narrow  planes  were  found,  as 
expected,  to  be  more  efficient  foot  for  foot  than  the  main  aero- 
plane. 

The  first  trials  with  these  planes  in  position  were  made  on 
July  31  last  on  a  perfectly  calm  day,  and  three  runs  were 
made,  the  first  with  150  lbs.  pressure  of  steam  per  square  inch. 
The  speed  was  26  miles  an  hour  and  the  maximum  lift  2,750 
lbs.  The  second  run  was  made  with  240  lbs.  of  steam.  The 
speed  recorder  on  this  occasion  failed  to  work,  but  it  is  proba- 
ble that  the  speed  was  35  miles  an  hour.  The  maximum  lift 
was  4,700  lbs.  Then  everything  was  made  ready  for  a  final 
test  with  practically  the  full  power  of  the  engines.  Careful 
observers  weie  stationed  on  each  side  of  the  track,  and  I  took 
two  men  with  me  on  the  machine,  the  duty  of  one  being  to 
observe  the  pressure  gauges,  and  that  of  the  other  to  observe 
and  note  the  action  of  the  wheels  on  the  upper  track.  The 
machine  was  tied  up  to  a  dynamometer,  the  engines  started  at 
a  boiler  pressure  of  310  lbs.  and  with  a  screw  thrust  of  a  little 
more  than  2,100  lbs.  Upon  liberating  the  machine  it  darted 
forward  with  great  rapidity  while  the  screws  rotated  at  a  ter- 
rific rate.  I  turned  on  slightly  more  gas,  and  the  pressure  al- 
most instantly  rose  to  320  lbs.  to  the  square  inch  and  blew  off 
at  the  safety-valve  at  that  pressure.  After  running  a  few 
hundred  feet,  the  machine  was  completely  lifted  off  the  lower 
rails,  and  all  four  of  the  upper  wheels  weie  engaged  on  the 
upper  or  safety  rail.  After  running  a  few  hundred  feet  in 
this  position,  the  speed  of  the  machine  greatly  increased  and 
the  lift  became  so  great  that  the  rear  axletrees  holding  the 
machine  down  were  doubled  up  and  the  wheels  broken  off. 
The  machine  then  became  liberated,  the  front  end  being  held 
down  only  on  one  side.  This  swayed  the  machine  to  one  side, 
brought  it  violently  against  the  upper  rails,  and  stopped 
it  in  the  air,  the  lift  breaking  the  rails  and  moving  them 
outward  about  10  ft.  Steam  was,  however,  shut  off  before 
the  machine  stopped.  The  machine  then  fell  to  the  earth,  im- 
bedding the  wheels  in  the  turf,  showing  that  it  had  been 
stopped  in  the  air,  had  come  directly  down,  and  had  not 
moved  after  It  touched  the  ground.  Had  this  last  experiment 
been  made  with  a  view  to  free  flight,  and  had  the  upper  rail 
been  removed  or  the  wheels  taken  off,  the  machine  would  cer- 
tainly have  mounted  in  the  air  and  have  traveled  a  long  dis- 
tance if  necessary.  As  it  was,  the  lift  certainly  exceeded  the 
full  weight  of  the  machine,  the  water,  the  fuel,  and  the  men 
by  2,000  lbs.,  and  was  far  beyond  the  registering  limit  of  the 
dynagraphs,  the  pencil  being  drawn  completely  across  the 
paper  on  the  recording  cylinders. 

These  experiments  at  Baldwyn's  Park  are  the  first  that  have 
ever  been  attempted  with  the  machine  running  in  a  straight 
line.  The  prime  object  of  these  experiments  has  been  to  dem- 
onstrate whether  it  is  possible  or  not  for  a  large  machine  to 
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be  constructed  sufficiently  light,  powerful,  and  efficient  to 
actually  lift  into  the  air  its  own  weight  and  the  weight  of  one 
or  more  men.  All  other  flying  machines  which  have  ever  been 
built  in  the  world  have  persistently  stuck  to  the  earth,  and 
this  is  the  first  occasion  in  which  a  machine  has  ever  been 
made  to  raise  itself  clear  of  the  earth.  It  has  been  admitted 
by  all  scientists  that  as  soon  as  a  machine  could  be  made  with 
motors  powerful  enough  to  actually  lift  it  in  the  air,  aerial 
navigation  would  become  practical.  I  have  demonstrated  that 
a  good  and  reliable  motor  can  be  made  with  sufficient  power 
for  its  weight  to  drive  a  flying  machine,  that  a  very  heavy  fly- 
ing machine  may  be  made  to  raise  itself  in  the  air  with  water, 
fuel,  and  three  men  on  board  ;  and  that  Jt  may  lift,  in  addi- 
tion to  all  this,  2,000  lbs.  It  now  only  remains  to  continue 
the  expermients  with  a  view  of  learning  the  art  of  manoeuvring 
the  machine  ;  and  for  this  purpose  it  will  be  necessary  for  me  to 
seek  some  large,  open,  and  level  plain,  and  to  commence  by 
making  flights  so  near  to  the  ground  that  any  mistake  in  the 
steering  cannot  result  in  a  serious  mishap. 


MR.  MAXIM'S  FLYING  MACHINE. 


Sir  Robert  Rawxinson  "  went"  for  Mr.  Maxim  after  the 
following  fashion  in  the  London  Times  a  short  while  ago.  In 
a  letter  to  that  paper  the  distinguished  correspondent  said  : 

"  Up  to  this  point  the  Maxim  flying  machine  is  only  a 
wrong-headed,  stupid  waste  of  money  on  an  apparatus  so  far 
innocent  of  murder.  The  notice  in  the  Times  may,  however, 
lead  to  a  catastrophe.  I  have  witnessed  one  such  in  London, 
and  have  no  desire  to  see  another.  Some  years  ago  a  Belgian 
brought  over  to  the  Cremorne  Gardens  a  flying  machine  to  be 
raised  into  the  air  by  a  gas-inflated  balloon.  This  I  saw  go 
up,  and  I  also  saw  it  come  down  with  a  crash  into  a  street  in 
Brompton.  The  inventor  was  alone  beneath  his  machine,  and, 
in  the  presence  of  his  wife,  was  killed.  It  was  no  great  stretch 
of  prophecy  to  predict  this  result,  neither  will  it  be  to  predict 
a  similar  result  to  Mr.  Maxim  if  ever  he  ventures  to  soar,  and 
does  soar,  a  few  yards  above  his  tramway,  as  there  must  and 
will  be  then  a  downward  crash  of  frame,  sails,  boiler  and  man. 
The  albatross  and  large  gulls  of  the  tropics  are,  in  their  flight, 
the  most  graceful  sights  in  creation  ;  but  in  storms  they  are 
subject  to  having  broken  wings.  And  how  is  man  to  build  up  a 
machine  to  fly  by  mechanical  power  like  an  albatross  or  gull  V 
The  machine  noticed  in  the  Times  this  day  is,  however,  evi- 
dently a  long  way  from  flying." 

To  this  Mr.  Maxim  replied  : 

"  Similar  experiments  [to  those  referred  to  above]  have  been 
made  a  great  many  times,  but  generally  the  experimenter 
mounts  some  high  building,  jumps  off,  comes  to  the  ground, 
and  breaks  a  limb  or  his  neck. 

"In  my  case,  however,  I  prefer  to  experiment  with  a  ma- 
chine on  the  ground.  Then  if  the  machine  has  not  sufficient 
energy  in  it  to  sustain  itself  in  the  air  it  certainly  will  never 
have  an  opportunity  of  falling,  because  it  will  never  rise  ;  con- 
sequently I  am  quite  safe  in  this  respect.  If  I  had  taken  the 
first  machine  which  I  ever  made  up  in  a  balloon  and  dropped 
it,  it  would  certainly  have  come  to  the  earth  with  something 
like  a  crash  ;  not,  however,  severe  enough  to  have  killed  any 
one,  but  still  it  would  have  been  quite  unmanageable  in  the 
air.  But  instead  of  doing  this  I  kept  on  improving  my  ma- 
chine, increasing  the  efficiency  of  my  motors  and  screws,  till  I 
actually  got  a  machine  which  would  raise  itself  off  the  track 
on  which  the  experiments  were  being  made. 

"  I  am  not  experimenting  with  a  view  to  evolve  a  machine 
for  carrying  passengers  and  freight,  as  I  think  it  will  be  a 
very  long  time  before  a  flying  machine  can  be  profitably  em- 
ployed for  the  purpose  of  carrying  coals  from  Newcastle. 

"lam  quite  free  to  admit  that  the  navigation  of  the  air  is 
beset  with  a  great  many  dangers  ;  it  is  also  very  dangerous  to 
make  high  explosives  or  fire  large  guns,  but  it  is  infinitely  more 
dangerous  to  be  within  the  range  of  an  enemy's  guns.  What 
I  propose  to  do  is  to  enable  one  to  assail  an  enemy  from  a  dis- 
tance greater  than  the  enemy  will  be  able  to  strike  back  with 
the  most  powerful  gun  in  existence.  So  I  think  it  would  be 
quite  as  safe  for  combatants  to  employ  my  means  of  assaiult  as 
to  employ  the  present  means,  which  necessitate  their  approach- 
ing nearer  to  the  enemy  and  having  to  receive  its  fire. 

"  I  do  not  know  that  any  one  has  ever  invented  a  system  of 
warfare  which  is  perfectly  safe.  It  is  known  now  to  be  possi- 
ble to  make  a  machine  that  will  actually  fly  at  a  very  high 
velocity  ;  so  nothing  remains  to  be  done  except  to  learn  how 
to  manoeuvre  it.  In  view  of  the  decided  advantage  which  a 
flying  machine  would  give  its  possessor  over  an  enemy,  I  do 
not  think  that  in  case  of  war  European  nations  would  hesitate 
to'employ^them  even  if  one-half.of  the  men  navigating  them 


were  killed.  At  the  present  time  no  difficulty  is  ever  found  in 
getting  volunteers  to  make  a  torpedo-boat  attack  upon  a  man- 
of-war— something  which  is  infinitely  more  dangerous  than 
navigating  a  flying  machine  would  be,  as  the  latter  might  be 
painted  black  and  make  its  attack  at  night  or  in  a  fog,  when  it 
would  be  quite  impossible  for  the  enemy  to  strike  back. 

"  War,  at  best,  is  a  dangerous  game,  and  those  entering 
upon  it  are  playing  with  dangerous  instruments,  whether  they 
are  guns,  dynamite,  or  flying  machines.  I  do  not  hesitate  to 
say  that  the  European  nation  which  first  takes  advantage  of 
this  new  engine  of  destruction  will  be  able  to  modify  the  map 
of  Europe  according  to  its  own  ideas.     Who  shall  it  be  !" 


RECENT  AERONAUTICAL  PUBLICATIONS. 


We  shall  hereafter  publish  brief  references  to  such  publica- 
tions and  articles  concerning  Aeronautics  as  seem  to  possess 
interest  for  our  readers. 

Zeitschrift  fur  Luftschiffahrt  unci  Physic  der  Atmosphere,  Ber- 
lin, Germany  ;  monthly  ;  specially  devoted  to  Aeronautics. 

L'Aeronaute,  Paris,  France,  91  Rue  d'Amsterdam  ;  9  francs 
a  year  to  United  States  ;  monthly  ;  specially  devoted  to  Aero- 
nautics. 

L'Aerophile,  Paris,  France,  113  Boulevard  Sebaslopol  ;  12 
francs  a  year  to  United  States  ;  monthly  ;  specially  devoted  to 
Aeronautics. 

Practical  Flight.  C.  E.  Duryea.  Cassier's  Magazine,  Sep- 
tember, 1894.  Gives  an  account  of  some  partial  successes,  and 
indicates  the  prospects  and  uses  of  a  successful  machine. 

The  Empire  of  the  Air.  L.  P.  Mouillard.  Smithsonian  Re- 
port 1892  (issued  1894).  A  translation  and  synopsis  of  a  re- 
markable book  upon  the  flight  of  birds,  published  in  1881. 

Man  Flight  near  at  Hand.  J.  R.  Zuberbiihler.  Boston 
Evening  Transcript,  August  11,  1894.  Discusses  the  subject 
generally,  and  advances  some  personal  views  of  the  writer. 

Scientific  Problems  of  the  Future.  Lieutenant-Colonel  H. 
Elsdale.  Contemporary  Review,  March,  1894.  Discusses  the 
conquest  of  the  air  as  the  first  of  four  important  problems. 

Gliding  Flight.  L.  P.  Mouillard.  Cosmopolitan  Magazine, 
February,  1894.  A  popular  account  of  the  further  observations 
and  meditations  of  the  author  concerning  the  flight  of  birds. 

Aeronautical  Engineering  Materials.  R.  H.  Thurston.  Cas- 
sier's Magazine,  September,  1894.  Discusses  the  best  materials 
to  employ  in  order  to  secure  strength  combined  with  lightness. 

Revue  de  I'Aeronautique,  Paris,  France,  120  Boulevard  St. 
Germain;  10  francs  a  year  to  United  States  ;  quarterly  ;  chiefly 
publishes  carefully  prepared  memoirs  on  Aeronautical  matters. 

Tlie  Problem  of  Man  Flight.  James  Means.  340  Washing- 
ton Street,  Boston,  Mass.  :  W.  B.  Clarke  &  Co.  Price,  10 
cents.  A  proposal  for  promoting  experiments  with  soaring 
machines. 

The  Flying  Man.  Vernon.  McClure's  Magazine,  Septem- 
ber, 1894.  Describes  the  studies  and  experiments  of  Herr 
Lilienthal  and  the  motor  with  which  he  is  to  carry  on  his  ex- 
periments this  year. 

Notes  on  Aerial  Navigation.  V.  E.  Johnson,  M.A.  West- 
minster Review  (British).  September,  1894.  Discusses  the  gen- 
eral question  and  indicates  that  Aerial  Navigation  will  become 
an  accomplished  fact. 

The  Development  of  Aerial  Navigation.  H.  S.  Maxim.  North 
American  Review,  September,  1894.  Mr.  Maxim  gives  a  popu- 
lar account  of  his  experiments,  including  the  one  in  July  la&t, 
in  which  he  actually  flew. 

New  Lights  on  the  Problem  of  Flying.  Professor  Joseph  de 
Conte.  Popular  Science  Monthly,  April,  1894.  Article  modi- 
fying the  previous  assertions  of  the  writer  as  to  the  impossi- 
bility of  artificial  flying  machines. 

The  Prospects  of  Flying.  H.  S.  Maxim.  National  Review 
(British),  September,  1894.  Mr.  Maxim  describes  his  experi- 
ments, and  says  that  "  what  remains  to  be  done  is  to  learn  to 
steer  and  to  manoeuvre  the  machine." 

Aerial  Navigation.  J.  G.  W.  Fijnje  Van  Salverda.  Trans- 
lated from  the  Dutch  by  George  E.  Waring,  Jr.  New  York  : 
D.  Appleton  &  Co.  209  pp.,  price,  |1. 25.  A  summary  in  popu- 
lar form  of  the  present  development  and  expectations  of  suc- 
cess in  Aerial  Navigation.  The  author  is  a  distinguished 
Dutch  engineer,  now  retired. 
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The  Bridgeport  Machine  Works,  of  which  Mr.  E.  P.  Bill- 
iard has  been  proprietor,  has  recently  been  incorporated  under 
the  name  of  ihe  Bullard  Machine  Tool  Company,  E.  P.  Bul- 
lard  being  President.  The  business  will  be  continued,  as  in 
the  past,  in  the  manufacture  of  machine  tools. 

The  Atlantic  Coast  Line  claims  a  run  made  from  Jackson- 
ville, Fla.,  to  Washington,  D.  C.,  a  distance  of  780  miles, 
which,  deducting  stops,  was  done  in  880  minutes,  averaging 
53}  miles  per  hour  ;  as  the  stops  amounted  to  169  minutes,  the 
average  time  for  the  whole  run  was  44.8  miles  per  hour. 

The  Consolidated  Car  Heating  Company,  of  Albany, 
N.  Y.,  announce  that  Judge  Swan,  of  the  United  States  Cir- 
cuit Court  at  Detroit,  in  a  decision  rendered  August  21,  denied 
the  motion  for  a  rehearing  in  the  Cody  patent  case,  thereby 
affirming  a  previous  decision  of  the  same  court  in  favor  of  the 
Consolidated  Car  Heating  Company  of  Albany,  X.  T. 

The  Foster  Engineering  Company,  of  Newark,  N.  J., 
write  us  to  call  attention  to  the  fact  that  in  the  paper  descrip- 
tive of  the  auxiliary  machinery  of  the  Columbia,  published  in 
our  issue  for  September,  no  mention  was  made  of  the  use  of 
their  reducing  valves,  which,  they  say,  are  placed  upon  the 
pipes  of  each  of  the  auxiliary  engines,  even  the  steam  jackets 
of  the  main  engines  being  so  supplied.  All  of  the  cruisers  of 
the  new  fleet  are  equipped  wilh  these  valves. 

The  Youngstown  Bridge  Company  have  the  contract  for 
two-span  four-track  bridge  for  the  Baltimore  &  Ohio  Hail- 
road  at  Bessemer,  Pa. ;  a  suspension  bridge  with  eyebar  cables, 
and  two  braced  arch  spans  over  Mill  Creek  Canon,  in  Mahon- 
ing County,  O.,  and  a  large  head  frame  for  shipment  to  Salt 
Lake  City,  Utah.  They  have  also  several  large  contracts  at 
Springfield,  111.  ;  Bell  County,  Tex.,  and  among  other  work, 
several  spans  in  Oregon  and  some  truss  woik  for  the  American 
Sugar  Refining  Company  at  New  Orleans. 

The  George  F.  Blake  Manufacturing  Company  has  recent- 
ly closed  a  contract  with  the  Commissioner  of  Public  Works 
of  New  York  for  4  high-grade,  vertical,  triple-expansion,  crank 
and  fly-wheel  pumping  engines,  to  be  operated  with  160  lbs. 
steam  pressure.  These  engines  are  to  be  placed  in  a  structure 
located  between  High  Bridge  and  Washington  Bridge,  just 
west  of  the  new  speedway.  The  company  has  also  recently 
taken  a  contract  in  the  city  of  Boston  for  a  10,000,000  gall, 
pumping  engine  of  the  vertical  triple-expansion  type,  to  run 
with  a  piston  speed  of  over  400  ft.  a  minute.  The  following  rm  v- 
al  vessels  are  also  equipped  with  the  Blake  pump  :  the  Colum- 
bia, New  York,  Brooklyn,  Minneapolis,  Philadelphia,  Marble- 
head,  Montgomery,  Detroit,  Chicago,  Boston,  Atlanta,  Maine, 
Indiana,  Massachusetts,  Iowa,  Dolphin,  Macchias,  Castine,  Puri- 
tan. Miantonomah,  the  ram  Katahdin,  and  the  dynamite  cruiser 
Vesuvius 

Pintsch  Gas  in  Houston,  Tex.— Through  negotiations 
which  have  recently  been  conducted  by  Mr.  Clarence  H.  How- 
ard, the  Western  representative  of  the  Safety  Car  Heating  & 
Lighting  Company,  arrangements  have  recently  been  made 
for  establishing  an  extensive  plant  in  Houston  for  manufactur- 
ing and  supplying  gas  to  all  the  different  railroad  companies 
centering  there.  This  gas,  as  Is  well  known,  is  manufactured 
by  a  different  process  from  ordinary  illuminating  gas,  and  is 
then  compressed  so  that  it  can  be  stored  in  the  reservoirs  on 
cars.  The  proposed  plant  includes  compressing  machinery, 
by  which,  to  quote  from  a  book  criticised  last  month,  the  gas 
is  "  hammered  into  hard  but  elastic  shape."  The  paper— the 
Houston  Post — to  which  we  are  indebted  for  the  above  in- 
formation says  of  Mr.  Howard  that  he  is  "  a  genial,  whole- 
souled  fellow."  That  gentleman  is  reported  as  saying  that  all 
the  railroad  men  in  Houston  are  pleased  at  having  a  gas  sup- 
ply located  there.  When  the  compressing  plant  is  completed 
the  people  of  Houston  will  find,  however,  that  it  is  easier  to 


compress  Pintsch  gas  than  it  will  be  to  "  hammer  Howard  into 
a  hard  but  elastic  shape."     He  is  irrepressible. 

The  E.  W.  Bliss  Company,  Brooklyn,  N.  Y.,  report  that 
their  European  business  has  been  very  large  lately,  and  that 
they  have  shipped  to  Switzerland  within  the  last  two  months 
a  special  watch-maker's  drop  hammer,  and  several  punching 
presses  fitted  with  sub-presses  for  watch  work,  also  a  No.  1£ 
toggle  drawing  press  ;  a  large  shipment  to  Germany,  to  one 
of  the  largest  clock-making  concerns  in  the  world,  of  tools 
and  machinery  for  the  manufacture  of  clocks  and  their  cases. 
France  has  also  received  a  large  shipment  of  tools  for  the  mak- 
ing of  granite  enameled  ware  and  kitchen  utensils.  Several 
watch  factories  have  also  been  supplied  with  tools.  Austria 
has  not  been  behind  the  others,  as  she  has  also  received  a 
No.  li  and  3i  toggle  drawing  press,  a  No.  18,  19,  20  and  21 
adjustable  power  press,  and  a  No.  38j  and  39  power  press, 
with  a  number  of  dies,  and  a  No.  161  double-action  press  with 
dies  and  special  feed  for  making  primers.  A  large  improved 
automatic  perforating  press  is  now  nearly  completed,  and  will 
be  shipped  to  England  for  the  manufacture  of  perforated 
metals  up  to  50  in.  in  width.  This  speaks  well  for  American 
tools  in  competition  with  those  of  foreign  make,  and  the  com- 
pany is  greatly  encouraged  in  this  direction. 


NEW  TRAIN  ON  THE  MONON  ROUTE. 


A  much-needed  want  has  been  supplied  by  this  popular  line 
from  Indianapolis.  Train  leaves  at  7.30  a.m.,  arriving  in  Chi- 
cago at  12.59  p.m.,  returning  at  4.58  p.m.,  reaching  the  former 
city  at  11.00  p.m.  This  in  addition  to  its  previous  excellent 
service  places  it  ahead  of  all  competitors. 


A  SINGLE  SENTENCE. 


A  recent  issue  of  the  Troy  Budget  contains  this  item  : 
"  An  experienced  traveler  ssys  :  '  This  is  the  strongest  sin- 
gle sentence  I-  ever  saw  printed  in  a  railroad  advertisement, 
that  I  believe  to  be  absolutely  true  : 

"  '  For  the  excellence  of  its  tracks,  the  speed  of  its  trains, 
the  safety  and  comfort  of  its  patrons,  the  loveliness  and  variety 
of  its  scenery,  the  number  and  importance  of  its  cities,  and  the 
uniformly  correct  character  of  its  service,  the  New  York  Cen- 
tral &  Hudson  River  Railroad  is  not  surpassed  by  any  similar 
institution  on  either  side  of  the  Atlantic'  " 
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is  favored  with  the  patronage  of  the  best  class  of  travelers. 

Why? 

Because,  with  complete  protection  by  the  block-signal, 
automatic  and  interlocking  switches,  and  an  unsurpassed  road- 
bed, it  is  the  safest. 

Because,  with  a  superb  service  of  perfectly  appointed 
trains,  it  is  the  most  comfortable. 

Because,  with  wise  management  and  unlimited  facilities,  it 
is  the  promptest. 

These  reasons  are  heavy,  and  they  tip  the  balance  on  the 
side  of  the  "  standard  railway  of  America." 


FOUR  HUNDRED  MILES  AS  THE  CROW   FLIES 


Is  the  distance  covered  in  a  single  night  by  the  limited  ex- 
press trains  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
between  Chicago  and  the  twin  cities  of  the  Northwest — St. 
Paul  and  Minneapolis. 

These  trains  are  vestibuled  and  electric  lighted,  with  the 
finest  dining  and  sleeping-car  service  in  the  world. 

The  electric  reading  fight  in  each  berth  is  the  successful 
novelty  of  this  progressive  age,  and  is  highly  appreciated  by 
all  regular  patrons  of  this  line.  We  wish  others  to  know  its 
merits,  as  the  Chicago,  Milwaukee  &  St.  Paul  Railway  is  the 
only  line  in  the  West  enjoying' the  exclusive  use  of  this  patent. 

For  further  information  apply  to  nearest  coupon  ticket 
agent,  or  address  George  II.  Ileafford,  General  Passenger 
Agent,  Chicago,  111. 
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NEW    YORK,    NOVEMBER,    1894. 
EDITORIAL  NOTES. 


TnERE  seems  to  be  the  faintest  breath  of  air  stirring  preced- 
ing the  dawn  of  better  times.  There  is  the  usual  shortage  of 
cars  that  is  always  with  us  when  there  is  any  traffic  to  speak 
of.  To  be  sure,  this  shortage,  so  far  as  we  have  heard,  is  a 
local  matter,  affecting  only  the  coal  roads  of  West  Virginia  ; 
but  the  railroad  reports,  where  it  is  possible  to  separate  the 
freight  from  the  passenger  receipts,  show  that  the  former  have 
picked  up  a  tride  over  the  corresponding  weeks  in  September 
of  one  year  ago.  Passenger  receipts  have  naturally  fallen  off, 
owing  to  the  loss  of  the  World's  Fair  travel  that  was  on  the 
road  in  1893,  but  the  freight  traffic  is  the  barometer  to  indicate 
the  business  done,  and  this  does  seem  to  show  a  slight  rise. 


There  seems  to  be  an  anti-step  crusade  sweeping  over  the 
country  in  the  matter  of  car  steps,  but  it  is  doubtful  if  then- 
is  more  in  it  than  in  mere  discussion.  In  cases  like  the  ele- 
vated railroads,  where  rapid  loading  and  unloading  is  an  indis- 
pensable condition,  and  where  no  track  work  or  inspection  is 
ever  done  while  the  train  is  at  a  station,  high  platforms  and 
no  steps  make  the  best  arrangement  ;  but  where  trains  must 
be  broken  up.  air  and  steam  hose  coupled,  wheels  inspected, 
and  an  occasional  brake  shoe  put  on,  the  high  platform  seems 
impossible.  It  was  given  a  long  trial  on  what  is  now  the 
united  railroads  of  the  New  Jersey  Division  of  the  Pennsyl- 
vania Railroad  away  back  in  tfie  sixties,  and  was  abandoned 
as  troublesome  and  impracticable. 


The  Canadians  have  the  advantage  over  the  United  States 
in  the  matter  of  canals  leading  from  tide  water  to  the  Great 
Lakes,  and  do  not  seem  disposed  to  lose  it.  The  latest  move 
is  to  make  a  contract  for  the  deepening  of  the  Lachine  Canal, 
by  the  terms  of  which  that  waterway  is  to  be  given  a  depth 


of  14  ft.  As  11  ft.  was,  a  few  years  ago,  the  maximum  draft 
of  lake  vessels,  this  depth  will,  barring  length  of  locks,  be 
sufficient  to  allow  the  passage  of  most  of  the  steamers  plying 
between  Buffalo  and  Duluth.  Our  readers  will  remember 
that  in  June,  1893,  we  illustrated  a  method  of  pontooning  ves- 
sels through  the  St.  Lawrence  canals,  that  had  to  be  used 
where  the  draft  of  the  vessel  was  greater  than  9  ft.,  which  is 
now  the  nominal  depth  of  the  water.  With  the  new  improve- 
ment such  troublesome  expedients  will  be  avoided,  and  Canada 
will  have  made  another  bid  for  the  direct  trans- Atlantic  traffic 
from  the  interior. 


As  Canada  decides  to  enlarge  the  Lachine  Canal,  the  ship 
canal  connecting  the  North  Sea  and  the  Baltic  is  approaching 
completion.  This  work  is  61  miles  long,  is  200  ft.  wide  at  the 
surface  and  85  ft.  at  the  bottom,  with  a  depth  of  28  ft.,  and  is 
expected  to  be  of  great  value  to  the  German  ports  on  the 
Baltic,  while  its  strategic  worth  to  the  German  Empire  is  ac- 
knowledged to  be  so  great  that  Russia  is  taking  immediate 
steps  looking  toward  the  reopening  of  the  old  White  Sea  traffic 
at  Archangel,  as  noted  by  a  correspondent  in  another  column. 
If  it  will  pay  Germany  to  build  an  expensive  ship  canal  cut- 
ting off  Denmark  from  the  mainland  in  order  that  the  passage 
through  the  Skager  Rack  and  Kattegat  may  be  avoided,  it 
certainly  seems  that  the  construction  of  a  14-f  t.  waterway  from 
the  Hudson  to  lakes  Ontario  and  Erie  would  be  a  profitable 
investment,  thus  bringing  the  inland  seas  in  direct  communi- 
cation with  the  sea  at  American  ports,  which  would  have  an 
added  advantage  over  their  Canadian  rivals  in  that  the  season 
of  navigation  is  very  considerably  longer. 


On  page  515  we  reprint  from  the  Railway  Engineer  the  re- 
sults obtained  by  Mr.  Webb,  of  the  London  A-  Northwestern 
Railway,  of  England,  with  a  compound  engine  of  his  design- 
ing. Our  readers  will  remember  that  at  the  Master  Mechanics' 
Convention,  held  at  Saratoga  last  June,  a  letter  was  submitted 
showing  the  remarkable  results  that  had  been  obtained  by  Mr. 
Buchanan  with  one  of  his  engines  hauling  the  Empire  State 
Express  as  compared  with  the  Greater  Britain,  a  Webb  com- 
pound locomotive  in  express  service  on  the  Loudon  A  North- 
western Railway.  In  that  comparison  Mr.  Buchanan's  en- 
gine. No.  999,  is  shown  to  have  burned  1.64-1  oz.  of  coal  per 
ton  mile,  at  a  speed  of  45.42  miles  per  hour,  while  the  Greater 
Britain  burned  2.012  oz.,  the  average  speed  being  47.66  miles 
per  hour.  In  the  test  which  we  now  publish  the  coal  con- 
sumption is  put  at  .969  oz.  per  ton  mile,  including  engine  and 
tender,  but  with  an  average  speed  of  17.74  miles  per  hour. 
This  shows  a  saving  in  fuel  consumption  of  more  than  41  per 
cent,  per  ton  mile,  including  engine  and  tender,  a  saving 
which  it  is  impossible  to  attribute  wholly  to  the  lower  speed 
at  which  the  train  was  run. 


MEN  WITH  FINISHED  MINDS. 


A  letter  which  was  received  in  this  office  from  a  railroad 
manager  recently  reads  somewhat  as  follows  :  "  Yours  of 
the  — ,  calling  attention  to  unpaid  bill  for  subscription  to  the 

Journal,  is  received.    There  are  so  many  publications  of 

this  kind  sent  here,  and  as  we  have  no  time  to  look  through  nor 
read  or  derive  any  benefit  from  them  or  digest  their  contents, 
yours  may  be  discontinued."  Such  letters,  even  to  the  most 
prosperous  publisher  and  editor,  always  produce  a  slight  sink- 
ing sensation  in  the  region  of  the  diaphragm.  The  intensity  of 
this  qualm  of  course  bears  some  sort  of  inverse  ratio  to  the 
length  of  the  subscription  list — or.  perhaps,  it  would  be  more 
correct  to  say  to  the  condition  of  the  subscription  list  — that  is, 
it  is  analogous  to  the  effect  of  the  motion  of  a  ship  on  a  seasick 
vovager — he  or  she  feels  the  effect  of  the  motion  of  the  ship  less 
when  it  is  rising  than  when  it  is  falling.     In  the  latter  case 
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such  unhappy  persons  feel  that  the  foundations  of  their 
stomachs  have  been  removed.  It  is  so  with  publishers  and 
editors.  When  the  subscription  list  is  growing,  and  one  or  more 
new  subscribers  who  are  avid  for  knowledge  are  ready  to  take 
the  places  of  those  who  have  "  no  time"  to  acquire  informa- 
tion, the  newspaper  man  is  more  reconciled  to  lose  an  old 
patron  than  he  is  when  the  list  of  subscribers  is  diminishing. 
It  is  only  expressing  a  truism  or  an  every  day  experience  to 
say  that  subscribers  are  harder  to  get  in  hard  times  than  they 
are  in  periods  of  prosperity,  therefore  we  are  disposed  to  dis- 
cuss the  question  of  the  value  and  use  of  technical  papers 
with  those  who  write  or  feel  as  our  correspondents  do. 

It  is  a  common  complaint  that  there  are  too  many  news- 
papers ;  but  that  is  also  said,  and  in  a  certain  sense  is  true, 
of  all  other  kinds  of  products  of  human  industry  or  intelli- 
gence— there  is  too  much  iron,  too  much  grain,  hardware, 
machinery,  books,  etc.  There  is  this  curious  fact  though, 
that  there  is  never  too  much  of  the  best  of  anything  ;  and  it  is 
true  that  there  are  not  too  many  of  the  best  papers.  It  will 
be  observed  that  our  correspondent  don't  complain  that  the 
paper  which,  with  a  slight  show  of  indignation,  he  discon- 
tinued did  not  contain  valuable  information,  but  only  that  he 
"  had  not  time  to  derive  any  benefit  from  it"  nor  to  "  digest 
its  contents."  Now,  we  have  scriptural  authority  for  the  say- 
ing that  "  wise  men  lay  up  knowledge,"  and,  conversely,  it 
may  be  inferred  that  those  who  do  not  are  not  wise.  In  fact, 
the  same  once-venerated  authority  uses  a  very  uncomplimen- 
tary term  to  designate  those  who  "  despise  wisdom  and  in- 
struction." 

But  Solomon  was  even  more  specific  in  his  observation  on 
this  subject ;  and  it  seems  as  though,  in  a  sort  of  prophetic 
vein,  he  must  have  had  modern  railroad  officials  in  his  mind 
when  he  wrote  in  his  didactive  way  :  "  Receive  instruction 
and  not  silver  .  .  .  and  find  out  knowledge  of  witty  inven- 
tions." Solomon,  it  will  be  observed,  was  a  plain-spoken  per- 
son, and  talked  as  openly  about  things  as  the  parlies  do  who 
are  conducting  the  investigations  of  the  Lexow  Commission 
into  the  delinquencies  of  the  Police  Department  of  New  York 
City.  While  it  is  perfectly  safe  for  an  editor  to  commend 
Solomon's  advice  to  "  receive  instruction,"  but  if  any  "  we" 
wanted  to  instil  the  second  part  of  his  first  precept  he  would 
probably  find  it  judicious  to  do  so  under  the  cover  of  a  quota- 
tion. 

Just  what  Solomon  meant  by  the  second  part  of  this  in- 
junction, which  has  been  quoted,  it  is  perhaps  not  easy  now 
to  know.  The  language,  though,  has  such  an  obvious  appli- 
cation to  existing  conditions  under  which  railroad  operation  is 
conducted,  that  we  are  are  disposed  to  assume  that  the  author 
of  the  Book  of  the  Proverbs  was  writing  prophetically  when 
he  gave  the  injunction  to  "  find  out  knowledge  of  witty  in 
ventions." 

It  should  be  observed  that  this  word  "  witty"  is  not  here 
synonymous  with  funny,  the  sense  in  which  it  is  ordinarily 
used.  The  derivation  of  the  word  "  wit"  is  from  a  root  or 
roots  signifying  to  see,  to  observe,  to  know,  or  to  learn,  and  in 
one  sense  is  defined  as  "  mind,  intellect,  understanding,  sense, 
a  mental  faculty  or  power  of  the  mind."  In  the  expression, 
"  are  at  their  wits'  end,"  it  is  used  witli  this  signification  ; 
and  Shakespeare  wrote  : 

M  A  prince  most  prudent,  of  an  excellent 
And  unmatched  wit  and  judgment." 

Witty  in  the  old  sense  meant  knowing,  wise,  judicious. 
Substituting  this  latter  meaning  in  Solomon's  injunction,  and 
the  recommendation  would  be  to  "  find  out  knowledge  oi  judi- 
cious inventions."  Just  what  Solomon  meant  by"  inventions" 
probably  we  can't  know,  but  doubtless  the  idea  in  his  mind 
wben  he  used  the  word  which  has  been  translated  "  i 
tions,"  was  that  of  discovery  of  new  truths.  At  any  rate,  tin- 
injunction  to  "  find  out  knowledge  of  witty  (or  judiciousi  in- 


ventions" has  greater  significance,  probably,  when  imposed 
upon  railroad  managers  and  others  in  charge  of  great  engineer- 
ing enterprises  of  to-day  than  it  had  on  the  contemporaries  of 
Solomon  who  lived  about  1,000  B.C. 

Now,  if  any  one  were  to  try  to  describe  the  most  marked 
and  characteristic  purpose  and  function  of  modern  technical 
newspapers,  it  would  appear  that  their  distinctive  field  of 
effort  is  to  explain,  describe,  and  give  information  about 
"judicious  inventions"  and  discoveries.  Railroad  operation 
is  based  upon  these  ;  and  it  would  not  be  a  very  difficult  task 
to  show  how  successive  inventions  had  developed  the  present 
magnificent  system  of  modern  transportation,  from  the  rude 
beginnings  of  wooden  rails  and  tram  roads  on  which  succes* 
sive  improvements  have  been  laid  like  bricks  on  the  founda- 
tion of  a  building,  and  the  structure  lias  risen  and  has  assumed 
tbe  present  splendid  proportions.  It  is  "  judicious  inventions" 
which  have  done  this,  and  they  have  been  countless.  If  any 
one  should  undertake  to  wrile  a  history  of  the  evolution  of  the 
form  of  rails  of  the  present  day  and  show  how  they  have  been 
developed  from  the  old  wooden  limbers  and  strap  form  of 
iron  rail,  it  would  make  a  large  book.  Each  change  has  been 
an  invention— perhaps  not  patentable,  but  has  been  the  result 
of  the  application  of  more  or  less  ingenuity  or  intelligence. 
Of  course  there  has  been  a  vast  and  innumerable  multitude  of 
inventions  which  were  not  "  judicious."  There  have  been 
many  more  of  that  kind  than  of  those  which  have  survived. 
But  the  process  of  evolution  has  gone  on  all  the  time  ;  trial 
and  failure,  with  an  occasional  success  which  has  survived, 
has  been  the  rule.  Often  a  distinct  advance  in  mechanical 
evolution  follows  from  proving  that  something  is  not  so  or  not 
true.  The  results  of  experiment  and  invention  are  largely  and 
necessarily  negative  in  their  character.  A  respectable-sized 
museum  could  be  tilled  with  models  of  the  various  forms  of 
valve  gear  which  were  devised  and  used  or  experimented  with 
before  tbe  link  motion  was  invented.  It  proved  to  be  the  most 
"  witty"  of  all  the  inventions.  The  process  of  evolution  was 
a  long  and  weary  one,  but  the  result  was  worth  all  the  lime 
and  labor  and  thought  and  money  which  was  expended  on  il. 

It  is  needless  to  tell  railroad  managers  now  that  the  condi- 
tions under  which  the  business  of  transportation  must  be  car- 
ried on  are  exceptionally  hard.  Every  available  means  must 
be  employed  to  facilitate  the  work  and  reduce  the  cost.  In 
looking  backward  on  the  history  of  railroad  transportation,  it 
will  be  seen  that  there  lias  been  a  continual  reduction  in  cost 
of  doing  work,  due  to  improvements  which  have  been  inven- 
tions. The  era  of  improvement  and  invention  is  not  ended. 
It  will  go  on  as  surely  as  the  human  mind  retains  ils  faculties 
and  humau  hands  do  not  "  forget  their  cunning.'  Now,  what 
sort  of  attitude  ought  a  railroad  manager  to  assume  in  relation 
to  progress,  improvement  and  invention  V  Undoubtedly  his 
obligations  and  position  impose  judicial  duties  on  him — that 
is,  he  must  judge  what  inventions  are  "  witty"  or  judicious, 
and  which  are  not.  How  can  he  judge  wisely  without  knowl- 
edge? and  how  can  he  know  if  he  will  not  "  receive  instruc- 
tion" i  The  aim  of  the  technical  newspaper  of  the  present 
day  is  to  gather  and  give  the  fullest  information  concerning 
improvements  and  inventions  of  various  kinds  which  have 
been  made.  They  give  in  different  ways  and  with  varying 
degrees  of  success  and  intelligence  the  latest  obtainable  in- 
formation concerning  the  progress  which  is  made.  When  our 
correspondent  ignores  the  technical  papers,  as  he  has,  he  in 
effect  says,  "  We  have  no  time  to  get  information  about  the 
science  and  art  of  transportation,  or  '  be  benefited  thereby,' 
nor  '  to  digest  it.'  We  are  so  busy  that  we  are  compelled  to 
remain  in  at  least  partial  ignorance  of  the  seething  evolutionary 
processes  which  are  constantly  going  on,  and  from  which  from 
time  to  time  great  improvements  are  developed."  Solomon 
evidently  had  this  class  of  people  in  his  mind  when  he  wrote, 
"  If  thou  criest  after  knowledge  and  liftest  up  thy  voice  for 
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understanding,  .  .  .  then  shalt  thou  understand  righteousness 
and  judgment  and  equity  ;  yea,  every  good  path.  When  wis- 
dom entereth  into  thine  heart,  and  knowledge  is  pleasant  unto 
thy  soul." 

There  are  some  old-fashioned  words  whose  original  meaning 
it  is  sometimes  worth  while  to  recall.  "  Righteousness"  is  one 
of  these,  the  meaning  of  which  is  "  that  which  is  right." 
Adopting  an  algebraic  method  and  substituting  this  value  in 
Solomon's  formula;,  it  would  read,  "  If  thou  criest  after  knowl- 
edge thou  shalt  then  understand  that  which  is  right."  Now, 
it  may  appear  merely  fanciful  to  apply  this  proverb  to  the  re- 
lations and  duties  of  engineers  and  railroad  managers,  and  yet 
how  many  cases  might  be  cited  of  persons  occupying  positions 
of  responsibility  and  authority  who  did  not  know  "  that  which 
was  right,"  because  they  had  not  been  in  the  habit,  as  Solo- 
mon expressed  it,  of  "  crying  out  for  knowledge,"  or,  as  per- 
haps we  in  these  modern  days  would  phrase  it,  had  not  been 
"  reading  the  technical  papers." 

But  the  author  of  the  Book  of  Proverbs  goes  farther  and 
says  that  those  who  "  cry  after  knowledge"  shall  also  "  under- 
stand judgment  and  equity  ;  yea,  every  good  path."  Going 
to  the  dictionary  again,  we  find  that  judgment  is  defined  as 
"  the  operation  of  the  mind,  involving  comparison  and  dis- 
crimination, by  which  a  knowledge  of  the  values  and  relations 
of  things,  whether  of  moral  qualities,  intellectual  concepts, 
logical  propositions,  or  material  facts,  is  obtained,"  and  one  of 
the  meanings  of  equity  is  "  fairness  in  determination  of  con- 
flicting claims."  Adopting  the  mathematical  method  of  com- 
mentating, and  by  a  slight  paraphrase  it  will  be  seen  that  what 
Solomon  meant  was  that  they  who  cry  after  knowledge  (by 
reading  technical  papers)  shall  understand  that  which  is  right 
and  shall  be  able  to  obtain  a  knowledge  of  the  values  and  rela- 
tions of  material  facts,  logical  propositions,  moral  qualities, 
and  shall  be  fair  in  the  determination  of  conflicting  claims 
But  the  Wise  Man  does  not  end  even  here  ;  he  promises  that 
as  a  sequence  to  "crying  after  knowledge"  that  then  "wis 
dom  entereth  into  thine  heart,  and  knowledge  is  pleasant  unto 
thy  soul." 

It  is  safe  to  say  that  there  are  a  great  many  people  to  whom 
"knowledge  is  not  pleasant  to  their  souls,  "and  it  is  to  be 
feared  that  there  are  many  railroad  officers  who  belong  to  that 
class.  Some  one  wrote  an  essay  a  number  of  years  ago  on  the 
"Capacity  of  the  Human  Mind  to  Resist  Knowledge."  All 
minds  have  this  capacity  to  a  greater  or  lesser  extent  ;  if  they 
had  not  probably  most  of  us  would  go  crazy. 

We  confess  to  this  "  capacity"  about  certain  subjects,  such 
as  theosophy,  female  suffrage,  loose  car  wheels,  radial  trucks, 
automatic  couplers  and  lock  nuts.  There  are,  though,  some 
things  which  it  is  our  duty  to  know  ;  and  the  general  observa- 
tion might  be  modified  by  saying  that  there  are  many  people 
to  whom  what  they  ought  to,  and  it  is  their  duty  to,  know  is 
"  not  pleasant  to  their  souls."  A  long  list  of  such  subjects 
might  be  made.  For  example,  it  is  doubtful  whether  it  is 
pleasant  to  the  souls  of  many  railroad  managers  or  conductors 
to  know  how  to  supply  fresh  air  to  the  passengers  who  travel 
in  their  cars.  Few  superintendents  of  motive  power  seem  to 
take  delight  in  knowing  how  much  coal  their  engines  burn  in 
doing  a  given  amount  of  work  ;  and  we  never  knew  but  one 
master  car-builder — and  he  is  now  dead  —who  seemed  to  take 
any  pleasure  in  knowing  which  were  the  most  comfortable 
seats  which  he  furnished  for  the  passengers  who  traveled  in 
his  cars.  It  is  quite  certain  that  it  is  not  pleasant  to  Mr. 
Pullman's  soul  to  know  how  hard  the  beds  are  in  his  sleeping 
cars. 

Seriously,  though,  what  the  author  of  Proverbs  evidently 
meant  was  that  to  maintain  our  sense  of  what  is  right,  our 
ability  to  determine  the  values  and  relations  of  facts,  logical 
propositions  and  moral  qualities,  and  be  fair  in  the  determina- 
tion of  conflicting   claims,  we  must  "  cry  out  for"  or  seek 


knowledge  and  cultivate  a  love  for  it.  Experience  teaches  us 
that  by  doing  this,  as  Solomon  says,  "  knowledge  is  pleasant 
unto  the  soul,"  and  that  to  a  great  many  people  who  are  not 
in  the  habit  of  keeping  the  avenues  which  lead  to  their  minds 
open  to  the  reception  of  new  information,  knowledge  is  not 
pleasant.  When  this  occurs  people  stop  learning,  and  very 
soon  their  minds  are  finished.  We  all  know  such  persons, 
some  of  whom  are  railroad  officers,  but  many  who  are  not.  We 
are  all  familiar  with  the  phrase,  "  a  finished  town,"  and  can 
form  in  our  imaginations  an  image  of  what  it  represents.  We 
also  know  the  dreary  desolation  which  comes  over  people 
whose  minds  are  finished,  and  are  prepared  to  agree  with  Solo- 
mon when  he  said,  "  The  excellency  of  knowledge  is  that  wis- 
dom giveth  life  to  them  that  have  it." 


NEW   PUBLICATIONS. 


The  Street  Railway  Journal.  Oui  esteen.ed  contem- 
porary sends  us  what  it  calls  a  "  souvenir  number,"  which  is 
intended  to  make  its  decennial  anniversary,  which  it  celebrated 
at  the  thirteenth  convention  of  the  American  Street  Railway 
Association,  which  has  been  held  in  Atlanta,  on  October  17,  18 
and  19.  Language  would  fail  us  in  the  attempt  to  describe 
the  magnificence  of  the  souvenir  number.  All  that  the  arts  of 
photography,  engraving,  press-work  and  coated  paper  can  do 
has  apparently  been  done  to  add  to  the  splendor  ot  this  num- 
ber. It  contains  122  pp.  of  reading  matter  and  43  pp.  of  adver- 
tising. It  has  first  an  article  of  8  pp.  on  the  American  Street 
Railway  Association,  with  portraits  of  its  officers  and  many 
members  ;  next  an  article  of  16  pp.  on  Atlanta,  the  Convention 
City,  her  People  and  her  Industries,  also  illustrated  with  more 
engravings  than  there  is  time  to  count  ;  a  description  of  the 
principal  cities  of  the  South  and  their  street  railway  lines,  34 
pp.,  also  elaborately  illustrated  ;  an  article  on  the  Street  Bail- 
way  Journal — Ten  if  ears  of  Progress,  10  pp.  ;  a  Short  History 
of  the  Street  Railway  Industry.  20  pp.,  and  then  33  pp.  of 
"  write  ups"  of  various  manufacturing  companies  and  firms. 

Altogether  this  achievement  of  our  contemporary  indicates 
prosperity,  for  which  congratulations  are  in  order  ;  but  why 
did  they  call  it  a  "souvenir"  number?  The  word  has  been 
so  misused  that  it  now  always  suggests  theater  programmes, 
the  literary  ventures  of  fire  companies  or  chowder  clubs.  Ex- 
cepting its  title  it  is  admirable. 


Electric  Power,  which  is  published  in  New  York,  has 
commenced  the  publication  of  a  "  Synopsis  of  Current  Elec- 
trical Literature,"  which,  no  doubt,  will  interest  many  readeis 
interested  in  electrical  art  and  science.  As  a  sort  of  vignette 
to  this  department,  a  portrait  of  the  compiler,  Mr.  Max  Oster- 
berg,  is  printed,  which  may  or  may  not  be  an  additional  at- 
traction to  this  department  of  bibliography. 


BOOKS    RECEIVED. 


Electric  Lightikg  Plants,  Their  Cost  and  Operation*. 
By  W.  J.  Buckley.  Chicago  :  William  Johnston  Printing 
Company.     275  pp.,  4f  X  7  in. 


TRADE    CATALOGUES. 


Messrs.  Baker  &  Co.,  of  Newark,  X.  J.,  send  us  a  little 
pamphlet,  34  pp.,  4|  x  8  in.,  with  the  title  "  Data  Concerning 
Platinum,"  etc.,  in  which  various  utensils  made  of  this  metal 
are  described,  and  much  useful  information  is  given  with  ref- 
erence to  their  use  and  care,  and  data  regarding  the  weight, 
etc.,  of  this  little-known  metal. 


Illustrated  Catalogue  and  Price  List  of  Fire  Hose, 
Manufactured  by  the  Boston  Belting  Company,  Boston  and 
New  York.     29  pp.,  31  X  6f  in. 

The  first  part  of  this  publication  gives  a  description  of  vari- 
ous kinds  of  fire  hose  made  by  the  company.  The  remaining 
portion  is  devoted  to  illustrations  and  descriptions  of  a  test 
pump,  hose  racks,  couplings,  hose  pipes,  and  miscellaneous 
information  relating  to  nozzles,  pressure  and  height  of  streams 
which  will  be  thrown  under  different  conditions. 
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Catalogue  of  1894.  The  Tanite  Company,  Stroudsburg, 
Pa.     47  pp..  3i  X  5+  in. 

This  catalogue  of  the  Tanite  Company  starts  out  with  a 
"  plea  for  a  better  appreciation  of  the  grinding  industry,"  fol- 
lowing it  up  with  a  discussion  of  the  cost  and  worth  of  machinery 
intended  for  such  purposes.  There  are  some  valuable  practi- 
cal hints  regarding  emery  wheels,  which  are  classified  into 
coarse-hard,  medium-hard,  medium-soft,  etc.,  with  information 
as  to  the  uses  for  which  they  are  adapted.  The  pamphlet  is  illus- 
trated, and  shows  twenty  different  kinds  of  machines.  After 
the  illustrations  there  are  some  remarks  about  emery,  emery  oil 
stone,  emery  knife  sharpeners,  liquid  polish,  polishing  paste, 
knife  powders,  alumiuous  paint,  etc.  On  the  last  page  there 
appears  what  to  us,  at  least,  is  a  novelty,  and  that  is  a  bibliog- 
raphy of  the  publications  that  have  been  issued  by  the  com 
pany,  including  sis  treatises,  papers  and  brochures  that  are 
interesting  to  persons  using  emery  grinding  machinery,  and 
to  those  whose  work  could  be  facilitated  by  its  use. 

The  Vulcan  Iron  Works  Company's  Catalogue  ok 
Steam  Shovels  and  Steam  Dredges.  Toledo,  O.  The 
pages  are  not  numbered,  and  there  i9  not  time  to  count  them  ; 
but  they  are  6|  X  9}  in.,  and  there  are  a  good  many  of  them. 
The  publication  begins  with  a  general  statement  of  the  advan- 
tages of  these  dredges  and  steam  shovels,  which  is  followed 
by  a  perspective  view,  made  from  a  photograph,  of  one  of 
them,  and  facsimile  copies  of  testimonials  of  its  merits.  A 
general  description  of  the  construction  of  the  machines  is  then 
given,  and  more  views  of  them,  showing  the  different  kinds 
which  the  company  builds  at  work  on  different  classes  of  work 
and  intended  for  different  purposes.  The  reader  will  get  a 
very  good  idea  of  the  character  of  the  various  machines  made 
by  this  company  from  their  catalogue,  and  the  work  which 
they  are  intended  to  do.  Some  loose  leaflets  are  also  inserted 
in  the  book  which  describe  the  "  Giant  Railroad  Excavator 
and  Wrecker  Combined,''  and  a  full  description  of  it,  and  also 
of  tlieir  "  Railroad  Excavator,"  with  more  testimonials. 


Tower,  Tank  and  Tub  Catalogue  of  the  W.  E.  Caldwell 
Company,  Incorporated,  Louisville,  Ky. 
^The  first  four  pages  of  this  catalogue  contain  tables  of  sizes, 
capacities,  etc.,  of  tanks  made  by  the  company.  These  are 
followed  by  illustrations  showing  the  construction  of  Tecklo- 
nius'  patent  lugs,  wThich  are  used  on  the  hoops  of  wooden 
tanks.  A  number  of  illustrations  are  then  given  of  various 
styles  of  iron  and  wooden  towers  for  supporting  tanks.  An 
excellent  chapter  is  added  on  the  importance  of  secure  founda- 
tions for  tanks  and  of  sufficient  strength  in  their  supports. 
The  W.  E.  Caldwell  Company  recommend  cypress  timber  for 
wooden  tanks  for  the  following  reasons  :  "  It  will  last  for  ages 
without  decay  ;  it  does  not  shrink  and  swell  like  other  woods: 
it  does  not  warp  and  twist  when  exposed  to  the  weather  ;  it 
has  not  the  knots  and  defects  found  in  white  pine,  cedar  and 
other  woods,  and,  when  seasoned,  it  is  lighter  than  all  other 
woods,  assuring  cheaper  transportation." 

The  company  also  make  iron  and  steel  tanks,  and  illustrate 
and  describe  a  railroad  water  tank  and  its  details,  of  which 
they  make  several  sizes. 


Catalogue  and  Steam  Users'  Manual.    Published  by  the 
Star  Brass  Manufacturing  Company,  Boston,  Mass.     190  pp 
3f  x  6*  in. 

On  the  title-page  of  this  little  book  the  publishers  say  that 
they  are  manufacturers  of  pressure  and  vacuum  gauges  for  all 
purposes,  stationary,  portable  and  marine  pop  safety  valves, 
steam  engine  and  boiler  appliances  in  general.  It  would  make 
too  long  a  list  to  enumerate  all  the  different  articles  which  are 
illustrated — most  of  them  by  excellent  engravings— and  de- 
scribed in  this  convenient  little  volume.  It  must  suffice  now 
to  say  that  it  includes  steam,  vacuum,  air  brake,  hydrostatic, 
test  and  ammonia  pressure  gauges,  fittings  for  the  same,  en- 
gine-room clocks,  engine  registers  and  revolution  counters, 
recording  gauges,  gauge  frames,  test  pumps  and  other  boiler- 
testing  apparatus,  steam  engines,  indicators  and  their  fittings, 
pop  safety  valves,  thermometers,  salinometers,  hydrometers, 
pyrometers,  calorimeters,  water  gauges  and  water  columns, 
gauge  cocks  and  their  fixtures,  steam  whistles,  lubricators  of 
many  kinds,  and  pipe  fittings,  etc.  These  are  all— excepting  the 
pipe  fittings— represented  by  excellent  engravings.  The  lat 
ter  are  poor  "  process"  reductions  from  larger  engravings. 
The  book  also  contains  30  pages  of  "  Useful  Information  for 
Engineers  and  Steam  Users."  A  good  index  completes  this 
excellent  example  of  a  trade  catalogue. 

Illustrated  Catalogue  of  Bolt  and  Xut  Machinery 
Manufactured  by  the  Acme  Machinery  Company,  Cleveland  1 ) 
108  pp.,  6  x  9  in. 


The  class  of  machinery  manufactured  by  this  company  in- 
cludes bolt  cutters,  nut  tappers,  and  bolt  heading,  upsetting 
and  forging  machines.  These  are  illustrated  by  good  wood- 
engravings,  with  descriptions  and  data  on  the  opposite  pages. 
The  first  illustration  is  a  view  of  the  works.  This  is  followed 
by  a  facsimile  engraving  of  a  large  square  threaded  screw,  cut 
on  one  of  the  machines  made  by  the  company.  After  this 
various  illustrations  and  descriptions  of  details  of  the  bolt  cut- 
ters, showing  their  construction  and  operation.  Views  are 
then  given  of  12  different  sizes  of  single  bolt  cutters,  which 
will  cut  bolts  up  to  6  in.  in  diameter.  Four  sizes  of  "  double 
bolt  cutters,"  with  two  spindles,  are  then  shown,  which  will 
cut  up  to  2  in.  in  diameter.  Six  different  patterns  of  nut  tap- 
pers, with  vertical  spindles,  several  kinds  of  "  pointing  ma- 
chines," for  shaping  and  finishing  the  points  of  bolts  and  studs, 
three  sizes  of  smaller  single  bolt  cutters,  a  double  stay-bolt 
cutter,  a  machine  for  tapping  carriage  axle  nuts,  a  turret  nut- 
facing  machine,  a  2-in.  taper  threading  machine,  and  five  sizes 
of  bolt-heading,  upsetting  and  forging  machines  are  described 
and  illustrated.  The  last  engraving  illustrates  a  variety  of 
different  kinds  of  work  which  can  be  done  on  the  machines 
last  referred  to.  The  book  ends  with  a  long  list  of  names  of 
firms  and  companies  who  are  using  the  machines  made  by  the 
Acme  Company.  Persons  who  need  such  machines  are  ad- 
vised to  write  and  get  a  copy  of  this  catalogue. 


RE-ROLLING  STEEL  RAILS. 


Editor  of The  American  Engineer  and  Railroad  Journal  : 

Your  letter  of  September  19  is  at  hand,  and  in  response 
thereto  I  beg  to  say  that  the  process  for  which  I  have  secured 
a  patent  for  renewing  old  rails  is  a  very  simple  one,  and  does 
not  require  any  special  machinery  beyond  a  furnace  adapted 
to  the  heating  of  rails  30  ft.  in  length.  This  is  longer  than 
the  furnaces  in  use  in  rail  mills,  and  requires  some  special 
features  of  construction,  which  are  usual,  however,  to  long 
furnaces  which  are  used  for  heating  metal  for  other  purposes. 

The  rolling  machinery  that  is  used  is  that  usual  to  rail  mills  ; 
an  ordinary  two  high  or  three-high  mill  can  be  used  under 
different  conditions  to  accomplish  the  result. 

I  do  not  know  how  much  information  you  have  concerning 
the  process,  and  will  explain  at  length  the  conditions  which 
induced  the  conception  of  the  invention,  and  its  practical  re- 
sults as  thus  far  developed.  You  are  doubtless  aware  that  it 
is  a  custom  on  many  Western  roads  to  subject  rails  to  the  saw- 
ing process — i.e.,  where  the  flowage  of  metal  has  been  ex- 
treme at  the  ends  and  not  excessive  through  the  body  of  the 
rail,  the  ends  are  sawed  off,  reducing  the  length  of  the  rail 
about  10  per  cent.,  and  the  rails  thus  reclaimed  are  laid  in  the 
track.  The  product  of  this  process  is  about  as  follows  :  7(i 
per  cent,  relayable  main  track  rails  ;  20  per  cent,  side  track 
rails  ;  10  per  cent,  scrap  in  crop  ends.  The  result  of  this 
system  is  not  satisfactory,  for  the  reason  that  the  70  per  cent, 
of  relayable  rails  are  more  or  less  worn  on  the  tread,  and  it 
has  been  found  in  possible  to  secure  even  butt  joints  on  ac- 
count of  the  unequal  wear  of  the  rails  during  their  previous 
life,  and  the  unequal  plane  where  the  rails  are  joined  makes 
the  subsequent  deterioration  very  rapid. 

The  sawing  process  costs  something,  and  as  10  per  cent,  of 
the  rails  are  reduced  to  scrap,  and  the  shortening  of  the  rails 
calls  for  10  per  cent,  additional  joint  material,  it  is  very  evi- 
dent that  the  process  in  view  of  the  result  is  expensive.  With 
the  experience  gained  from  watching  this  operation,  the  sug- 
gestion came  that  the  rails  were  not  worn  out,  but  were  ren- 
dered unserviceable  on  account  of  the  flowage  of  the  metal  in 
the  tread  due  to  rolling  impact.  In  short,  that  the  loss  of 
metal  by  attrition  was  very  trifling,  and  all  that  was  neces- 
sary to  restore  the  rail  to  its  original  usefulness  was  to  replace 
the  displaced  metal. 

To  verify  my  observation,  I  at  different  times  had  rails  of 
different  weight  and  section,  after  they  had  been  removed 
from  the  track  to  be  subjected  to  the  sawing  process,  weighed, 
and  found  that  rails  of  60  lbs.  to  the  yard,  after  from  10  to 
14  years'  service,  had  lost  from  .117  to  .135  lb.  per  yard,  and 
rails  on  67  lb.  section,  after  seven  years'  service,  had  lost 
.087  lb.  per  yard. 

The  process  patent  that  has  been  granted  me  consists  of  two 
steps  :  1.  Heating  below  the  decarbonizing  point  ;  2.  Replac- 
ing the  displaced  metal.  Practical  experiments  that  have 
been  made  demonstrate  conclusively  the  fact  that  rails,  such 
as  are  now  subjected  to  the  sawing  process,  can  be  renewed 
with  a  loss  of  transverse  section  not  exceeding  2  lbs.  per  yard, 
one-half  of  which  is  saved  in  the  elongation  of  the  rail,  so 
that  the  net  loss  is  about  as  follows  :  Oxidation,  .50  lb.  per 
yard  ;  crop  ends,  .50  lb.  per  yard.  Experiments  have  also 
developed  that  in  rails  that  were  elongated  as  much  as  12  per 
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cent,  the  bolt  holes  are  rolled  into  an  oval  form,  but  were  less 
than  i  in.  out  of  center,  and  were  changed  to  the  circular 
form  by  a  simple  swagging  process,  which  does  not  cause  any 
material  upsetting  of  the  material  in  the  web  surrounding  the 
holes  ;  as  the  elongation,  however,  in  ordinary  practise  would 
not  exceed  from  1  to  3  per  cent.,  this  feature  of  the  process  is 
readily  met. 

"  In  the  process  above  outlined  there  is  necessarily  some  re- 
duction of  the  width  of  the  flange  in  order  to  secure  equable 
draft  through  the  holes  to  reshape  the  metal  in  the  head.  This 
reduction  of  the  flange  for  obvious  reasons  would  militate 
against  future  successive  renewals  of  the  rail,  which  is  a  valu- 
able economic  desideratum  for  railway  interests.  To  meet 
this  point,  I  have  invented  a  machine,  in  the  operation  of 
which  the  web  and  flange  of  the  rail  are  maintained  intact, 
the  metal  of  the  head  only  being  worked  upon.  In  this 
machine  there  is  no  distortion  of  the  bolt  holes.  The  metal 
in  the  head  of  the  rail  is  put  in  shape  by  pressure  imposed  in 
a  vertical  line  upon  the  tread— that  is  to  say,  the  metal  is 
worked  into  position  in  the  line  of  the  subsequent  work  it  is 
called  upon  to  perform. 

I  have  no  drawings  at  hand  to  illustrate  its  workings,  or  I 
should  be  very  glad  to  send  them  to  you.  If  the  invention 
will  accomplish  the  results  sought  for,  it  is  evident  that  the 
steel  rails  of  75  lbs.  or  upward  in  section,  which  is  now  cast 
away  at  the  end  of  one  life,  can  be  renewed  at  trifling  cost 
and  be  made  to  serve  from  five  to  15  lives. 

I  forgot  to  mention  in  the  proper  place  that  chemical  and 
physical  tests  of  the  rails  renewed  by  this  process  were  made, 
and  it  was  found  that  the  chemical  constituents  did  not  undergo 
any  change,  "  the  hardeners"  remaining  practically  the  same 
as  before,  and  the  physical  properties,  as  demonstrated  by 
etchings  taken,  show  that  the  physical  structure  of  the  rail 
was  improved.  E.  W.  McKenn  a. 


THE  KLEIN  AND  LINDNER  LOCOMOTIVE. 


To  the  Editor  of  the  American  Engineer  and  Railroad 
Journal : 
In  the  March  number  of  the  American  Engineer  and 
Railroad  Journal  I  find  a  mention  of  the  American  patent 
that  has  recently  been  issued  to  Herr  R.  Lindner  aud  myself 
for  a  locomotive  with  a  flexible  driving-wheel  base,  the  com- 
pensation for  which  is  accomplished  at  the  end  axle.  At  the 
conclusion  of  the  description  is  the  criticism  that  if  the  radial 
axle,  when  it  is  running  ahead,  and  one  of  its  wheels  comes  in 
contact  with  the  outer  rail,  instead  of  assuming  an  inclined 
position  that  would  be  radial  to  the  curve,  would  be  inclined 


and  the  easy  curving  of  the  machine  ;  on  cars  the  freely  ad- 
justable axle  has  furthermore  been  used  for  about  20  years  on 
the  Royal  State  railways  of  Saxony,  an  application  which  has 
been  found  to  be  so  advantageous  that  it  is  finding  a  still  wider 
field  on  the  German  railways.  The  radial  adjustment  of  the 
free  axle  is  man3r  times  more  certain  in  its  application  when 
the  axle  is  running  ahead,  though  it  is  not  readily  understood. 
By  running  the  axle  at  the  back  the  tendency  is  present  to 
pass  beyond  the  radial  position.  Now  the  forward  axle,  as 
well  as  the  back  axle,  is  put  in  the  proper  position,  since  both 
axles  are  so  connected,  the  one  with  the  other,  that  the  equal 
adjustment  of  both  must  follow,  and  there  results  a  uniform- 
ity in  the  position  of  both  axles,  and  each  one  moves  into  a 
line  with  the  radius  to  the  curve  at  the  point  where  it  is  situ- 
ated at  the  time. 

Furthermore,  it  is  a  demonstrable  proposition  that  the  ad- 
justable axle,  as  soon  as  the  back  wheels  strike  the  curve,  in- 
stead of  keeping  its  wheels  bearing  against  the  outer  rails,  it 
(the  forward  axle)  is  brought  over  to  the  other  side,  and  is  thus 
in  a  radial  position  whether  or  no,  so  that,  instead  of  the  ad- 
justable  axle  having  a  tendency  to  continue  in  the  line  of  a 
tangent  to  the  curve,  it  travels  in  a  line  at  right  angles  to  the 
radius,  being  brought  there  in  spite  of  itself  through  the  influ- 
ence of  the  radial  back  axle  with  the  least  possible  angular 
inclination  (an  angle  which  the  plane  of  the  wheel  makes  with 
the  tangent  at  its  point  with  the  rail  in  its  running  position)  to 
the  outer  rail  of  the  curve. 

In  this  position  the  free  axle  needs  no  thrusting  in  the  line 
of  its  length,  as  it  is  necessary  to  do,  to  a  great  extent,  with 
the  Bissel  axle  in  order  to  keep  it  in  a  radial  position.  By  run- 
ning this  radial  axle  in  a  Bissel  truck  as  the  back  axle  a  very 
unfavorable  condition  of  affairs  would  result,  since,  in  conse- 
quence of  the  short  wheel  base  of  the  two  rigidly  fastened 
axles,  the  true  radial  position  is  always  located  nearer  to  the 
center  axle,  and  they  run  at  a  somewhat  sharp  angle  to  the 
outer  rail.  Hence  the  oblique  position  of  the  center  line  of  the 
machine  to  the  center  line  of  the  track  causes  a  corresponding 
inward  motion  of  the  pivot  of  the  Bissel  truck,  preventing  the 
axle  from  assuming  a  true  radial  position  that  is  radial  to  the 
outer  line  of  rails. 

The  Klein  and  Lindner  patent  coupled  radial  axle  possesses 
all  of  the  properties  of  the  free  radial  axle,  and  is,  by  the  ap- 
plication of  a  hollow  sleeve  carrying  the  wheels,  and  which, 
having  a  bearing  only  at  the  center,  is  connected  by  a  ball 
bearing  to  the  central  axle,  so  that  it  can  freely  adjust  itself 
on  the  rails  as  well  as  on  the  inner  core  axle,  which  runs 
through  it,  and  which  is  made  rigid  in  the  ordinary  way, 
being  fastened  in  the  frames  and  coupled  to  the  other  driving 
axles  with  the  usual  attachments.  The  object  of  the  hollow 
axle  with  the  ball  bearing  at  its  center  is  that  any  variation  of 
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in  the  reverse  direction,  and  that  it  would  be  better  that  the 
hollow  axle  should  be  mounted  in  a  Bissel  truck,  with  a  radial 
bar  made  fast  to  a  pivot  just  ahead  of  the  center  axle. 

I  beg  that  you  will  allow  me  to  correct  this  error  in  your 
esteemed  journal.  The  Klein-Lindner  patent  coupled  radial 
axle  is  a  free  radial  axle,  since  it  has  been  used  for  many  years 
under  Nowotny's  patent  as  the  leading  axle  on  locomotives  in 
hundreds  of  applications  on  the  Royal  State  Railway  of  Sax- 
ony, showing  great  advantages  both  in  the  saving  of  the  wheels 


the  axle  from  its  horizontal  position  still  leaves  the  weight 
upon  the  two  wheels  as  conveyed  to  them  by  the  hollow  axle 
the  same. 

The  springs  attached  to  the  hollow  axle  are  for  the  purpose 
of  easing  the  shocks  and  side  strains  upon  the  locomotive 
when  it  is  running  over  curves  and  uneven  places  ;  and  it  only 
comes  into  action  to  assist  the  radial  action  on  very  sharp 
curves,  aud  then  acts  finally  to  check  the  backward  motion  of 
the  axle  and  bring  it  into"  the  central  position  as  soon  as  the 
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pressure  causing  the  displacing  action  ceases.  These  springs 
are  made  with  such  a  tension  that  they  only  come  into  action 
by  the  exact  amount  to  be  attributed  to  the  curve  ;  the  ar- 
rangement is  also  so  adjusted  that  one  spring  is  always  work- 
ing and  the  other  is  always  standing  in  the  corresponding  cen- 
tral position. 

I  send  a  pamphlet  giving  such  further  information  on  this 
subject  as  may  be  desired,  which  also  fully  explains  the  whole 
of  the  details.  The  hollow  adjustable  three-axle  locomotives 
for  .7")  metei  i29i  in.}  gauge  have  proved  themselves  pre-emi- 
nent! v  successful.  The  first,  which  has  been  in  service  for  3 
years",  is  shown  bv  the  latest  locomotive  report  to  have  cost 
nothing  for  repairs  to  the  ball  bearing  during  all  the  time  that 
it  has  been  in  service.  The  tires  on  the  hollow  axle  were,  in 
consequence  of  the  radial  position,  hardly  worn  at  all  in  the 
flanges,  while  the  corresponding  end  axle  held  in  rigid  bear- 
ings" showed  sharp  flanges  on  its  wheels  at  the  end  of  a  run  of 
about  30,000  kilometers  (18.600  milest.  while  the  engine  hav- 
ing the  flexible  axle  has  traveled  half  as  many  kilometers 
more.  , 

With  the  four-axled  locomotives  which)  are  now  in  course  of 
construction,  wherein  the  two  end  axles  will  be  of  this  flexible 
type,  it  is  expected  to  obtain  equally  favorable  results. 
"  Chemnitz.  Germany.  Richard  Klein. 

[Owing  to  an  oversight,  the  publication  of  this  letter  has  been 
delayed  for  several  issues,  and  we  therefore  republish  the  plan 
of  the  Klein-Lindner  locomotive  that  appeared  in  our  issue  for 
March,  and  which  is  here  referred  to.— Ed.] 


NOTES  AND  NEWS. 


New  English  Torpedo-boat  Trial.— No.  95,  the  second  of 
three  first-class  torpedo-boats  which  are  being  built  by  Mr. 
.T.  S.  White,  of  East  (owes,  was  officially  tried  in  the  Solent 
recently.  During  the  three  hours'  steaming  the  boat  made  six 
runs  with  and  against  the  tide  on  the  measured  mile,  and  real- 
ized a  speed  of  33  "21  knots,  which  was  slightly  beyond  the 
requirements  of  the  contract. 

The  Oldest  Oil  Well.— The  Oil  City  D  .  -  that  there 

is  an  oil  well  at  Hockwood,  about  4  miles  east  of  Oil  City, 
which  was  drilled  by  Charles  Lay  in  1840  for  salt.  A  vein  of 
oil  was  struck,  and  it  impregnated  the  water  to  such  an  extent 
that  it  was  valueless  for  salt-making.  No  use  was  then  known 
for  the  oil,  and  it  was  abandoned.  "During  the  oil  excitement 
the  well  was  drilled  deeper,  and  it  pumped  oil  for  several 
years,  but  later  it  was  abandoned.  Recently  it  has  been  sput- 
tering gas  and  oil.  and  may  be  cleaned  out  and  make  a  fair- 
sized  pumper. 

The  Great  Railway  Bridge  Across  the  Delaware.— The 
plans  submitted  for  the  gigantic  railway  bridge  across  the 
Delaware  River  to  connect  Philadelphia  with  Camden.  N.  J., 
have  been  approved  by  the  War  Department,  the  only  condi- 
tion required  being  the  location  of  the  draw.  The  bridge  is 
to  be  built  by  the  Pennsylvania  Railroad  Company,  whose 
chief  engineer.  William  Brown,  approved  the  plans.  It  will 
be  high  enough  to  permit  the  passage  of  ferryboats  at  any 
point.  The  draw  will  accommodate  ships  with  the  tallest 
masts.  This  bridge  will  give  through  rail  connection  to  the 
seashore  and  New"  Jersey  towns.  \\  ork,  it  is  said,  will  com- 
mence within  a  year. 

Boilers  in  French  Torpedo-boats.— Many  types  of  boilers 
are  in  use  in  the  French  Navy—  as  locomotive,  Trepardoux, 
Oriolle.  Petit-Godard.  Du  Temple,  and  others— all.  save  the 
first  named,  upon  the  water-tube  system.  The  Du  Temple 
boilers,  as  modified  by  M.  Normand,"  with  tubes  of  two  diame- 
ters, present  great  facilities  for  repair  by  replacing  tubes. 
Tbev  have  been  unfavorably  reported  upon  by  the  engineers 
of  the  seagoing  boat  Dragon,  and  Chief  Engineer  Fulcrand 
condemned  them  as  satisfactory  only  for  short  trials  of  two 
hours'  duration  ;  but  Captain  Vidal  warmly  favored  them  for 
the  boats  of  the  mobile  defense.  They  have  given  the  best 
results  under  his  own  observation. 

Brooklyn  Bridge  Car  Illumination.— At  a  recent  meeting 
of  the  Brooklyn  Bridge  trustees  it  was  decided  to  light  the 
cars  which  run  on  the  bridge  with  some  kind  of  electric  light. 
The  bids  for  this  service  w-ere  as  follows  :  The  General  Elec- 
tric Companv  engaged  to  furnish  the  apparatus  to  light  60 
cars,  each  with  10  lamps  of  16  candle  power,  for  $14,200,  the 
cost  of  running  the  same  to  be  $4,905.60  a  year.  The  bid  of 
the  Electrical  it  Mechanical  Trading  Company  was  $17,634 
for  the  apparatus  and  $3,409  annual  cost  of  running.  The 
Pintsch  Gas  Company's  bid  was  $14,707  for  the  apparatus  and 
*~.7'i4  running  expense.  The  question  as  to  which  of  the 
electric  companies  should  have  the  contract  was  referred  to 


Superic'.cadent  Martin.  It  is  understood  that  duplicate  wires 
are  to  be  put  up  in  all  the  cars.  Three  months  will  be  re- 
quired to  make  the  change. — Sim  York  Sun. 

Mysterious  Electrical  Experiments  by  the  U.  S.  Light- 
house Board. — It  is  reported  this  Board  is  engaged  in  some 
experimental  electrical  investigations  off  Sandy  Hook.  The 
New  York  S'm  said  recently  that  several  weeks  ago  the  Board 
gave  public  notice  that  it  was  going  to  begin,  and  warned 
masters  of  vessels  not  to  anchor  or  pass  within  1,000  ft.  of  the 
lightship.  With  that  preface  it  began  to  lay  a  network  of  sub- 
marine cables,  the  location  of  which  was  marked  by  small 
floating  wooden  buoys  resembling  logs  of  wood.  A  submarine 
cable  was  also  laid  from  the  Scotland  Lightship  to  a  landing- 
place  on  the  northeastern  point  of  Sandy  Hook,  opposite  the 
marine  telegraph  station  of  the  Western  Union  Telegraph 
Company.  Having  installed  the  plant,  the  electrical  experts 
began  work,  and  have  been  hard  at  it  ever  since.  The  Board 
refuses  to  give  information  about  the  experiments,  but  says 
they  will  be  made  public  when  completed. 

Official  Trial  of  the  United  States  Battleship  "  Maine." 
— The  first  official  trial  of  this  ship  was  made  in  Long  Island 
Sound  on  October  17.  The  daily  papers  reported  the  follow- 
ing data  concerning  the  trial  : 

••  During  the  4  hours  under  forced  draft  the  general  average 
of  steam  pressure  was  141  lbs.  at  the  boilers^  the  propellers 
making  127  revolutions  a  minute.  Although  the  trial  was  for 
H.P.  the  Maine  came  up  to  designed  expectations  in  speed. 
At  about  3.30  o'clock  the  official  trial  course  which  was  re- 
centlv  buoyed  for  the  speed  trial  of  the  torpedo-boat  Ericsson 
was  reached,  and  then  began  a  run  of  25  miles  of  a  surveyed 
course,  the  buoys  being  3  miles  apart.  (In  the  basis  of  the 
total  elapsed  time  for  "the  25  miles,  the  average  speed  was 
15.95,  or  practically  16  knots  per  hour,  and,  with  a  mean  aver- 
age allowance  for  tide,  which  was  the  last  of  the  ebb  at  the 
final  buoy,  of  about  1^  knots,  the  result  is  17.25  knots." 

A  Perilous  Ride. — Probably  one  of  the  most  thrilling  rides 
ever  heard  of  occurred  on  the  Lebanon  Valley  Branch  of  the 
Reading  Road  recently.  A  young  man  crawled  into  the  ash- 
pit of  a  Wooten  engine  at  Harrisburg.  The  pit  is  divided  in 
two  sections,  and  both  are  directly  beneath  the  fire  grates. 
He  entered  through  under  the  door  of  the  fire-box  and  took  a 
seat  in  the  second  compartment  unobserved  by  the  engineer  or 
fireman.  Shortly  after  taking  this  position  the  engine  was  at- 
tached to  the  fast  line  and  started  for  this  city.  When  the 
train  stopped  at  Robesonia.  12  miles  west  of  Reading,  the  fire- 
man was  startled  by  seeing  a  tall  young  man,  all  covered  with 
ashes,  stick  his  head  out  of  the  opening  below  the  fire-box  door 
and  ask.  "  How  far  is  it  to  Reading  '."  "  How  did  you  get  in 
there  and  where?"  asked  the  fireman.  "At  Harrisburg." 
"  And  you  were  not  burned?"  "  Well,  it  kept  me  hustling 
to  dodge  the  hot  coals  as  they  dropped  down  on  me.  It  was 
a  great  ride,  pardner."  he  said,  and  hurriedly  left  as  the  train 
pulled  away  from  the  station.  The  engineer  says  the  only 
thing  that  saved  the  man  from  being  burned  up  was  that  the 
fire  had  been  puddled  with  large  coal  before  leaving  Harris- 
burg.— Philadelphia  Ledger. 

A  New  British  Battleship.— The  keel  plate  of  the  Prince 
George,  first  class  barbette  battleship,  was  laid  down  at  Ports- 
mouth recently.  The  Prince  George  is  a  sister  ship  of  the 
M  'tic,  and  consequently  is  of  somewhat  larger  dimensions 
than  those  of  the  ships  of  the  Royal  Sovereign  class.  Her 
length  will  be  390  ft.,  her  breadth  75  ft.,  and  mean  load  draft 
.  with  a  displacement  of  14,900  tons,  while  the  total 
weight  of  the  protection  material  of  the  hull  (including  the 
protection  of  the  auxiliary  armament  and  protective  deck)  is 
to  be  greater  than  the  corresponding  weight  in  the  Royal  Sov- 
ereign. The  thickness  of  the  side  armor  has  been  reduced 
from  18  in.  of  compound  plating  to  9  in.  of  Harveyized  steel 
armor.  The  battleship  will  carry  four  12-in.  breechloaders, 
contained  in  two  barbettes,  and  the  mountings  will  be  so  ar- 
ranged that  the  guns  can  be  loaded  in  any  position  by  manual 
power.  But  the  main  armament  will  be  carried  4  ft.  higher 
than  the  guns  of  the  Royal  Sovereign  with  increased  freeboard 
in  proportion.  The  secondary  armament  will  consist  of  twelve 
6  in.  and  28  smaller  quick-firing  guns.  Bilge-keels  200  ft.  in 
length  and  3  ft.  in  depth  will  be  fitted.  The  contract  for  Ibe 
engines  has  been  placed  with  Messrs.  Humphreys,  Tennant  & 
Qo.  They  are  to  develop  12,000  H.P.  under  forced  draft,  and 
10.000  H.P.  with  natural  draft,  and  ate  estimated  to  give  the 
ship  a  speed  of  17$  and  16$  knots. 

Meteoric  Photography.— In  a  special  dispatch  to  the  New 
York  Evening  Port  it  is  said  that  partly  as  a  result  of  the  ac- 
cidental photographing  of  a  large  meteor  nearly  2  years  ago 
by  Mr.  Lewis,  of  the  Yale  Observatory,  the  money  was  raised 
last  summer  for  securing  a  "  battery"  of  four  cameras,  so  as 
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to  cover  a  larger  field  of  the  heavens,  and,  if  possible,  obtain 
more  comprehensive  and  valuable  results.  These  cameras 
were  worked  for  4  hours  during  the  annual  meteoric  shower 
of  last  August,  but,  as  is  stated,  merety  by  bad  luck,  only  two 
meteors  were  obtained  as  compared  with  four  obtained  in  3 
hours  by  a  single  camera  during  a  previous  meteoric  shower. 
The  battery  will  next  be  turned  on  the  heavens  during  the 
showers  coming  about  the  middle  and  near  the  end  of  next 
month.  Small  as  the  number  is  of  meteors  thus  far  photo- 
graphed, the  results  are  considered  to  be  of  considerable  value, 
inasmuch  as  one  of  the  meteors  photographed  at  the  Yale  Ob- 
servatory was  also  obtained  by  Mr.  Lewis  at  Ausonia,  some  10 
miles  away,  by  a  single  camera.  This,  Professor  Newton 
states,  is  the  first  recorded  case  of  photographic  double  ob 
servalion  of  a  meteor,  and  from  it  nearly  its  exact  distance  can 
be  computed.  Each  photograph  shows  two  bursts  pi  light  in 
the  meteor's  path.  It  is  a  curious  fact  that  an  instructor  in 
astronomy  at  Yale  some  40  years  ago  predicted  this  new 
method  of  taking  meteors  by  a  camera  battery  should  photog- 
raphy ever  reach  the  proper  stage  of  development. 

Corrosion  of  French  Torpedo  boats. — In  the  inspection  of 
torpedo-boats  in  the  French  Navy,  it  is  said,  in  (he  London 
Times,  that  "  grave  defects  have  become  apparent  in  the 
plates  of  several  of  them,  but  the  Directorate  of  Naval  Con- 
struction believes  that  it  has  now  discovered  the  cause.  It  at- 
tributes the  perforation  and  corrosion  which  have  been  discov- 
ered to  the  oxidizing  action  of  the  decomposed  minium,  witli 
which  the  hulls  have  been  painted,  upon  the  zinc-covered 
plates.  Upou  this  matter  Chief  Engineer  Fulcrand  afterward 
gave  some  very  curious  evidence.  If,  he  said,  one  of  the 
plates  were  put  ia  a  vessel  of  seawater  having  upon  it  a  pot  of 
minium,  a  ring  of  white  salt  would  form  round  the  pot  even 
within  a  quarter  of  au  hour.  Of  the  chemical  action  thus  set 
up  there  can  therefore  be  no  doubt.  The  phenomenon  is  not 
new,  for  it  formerly  led  to  the  adoption  of  black  paint,  and 
now  an  iron-gray  color  has  been  adopted.  Captain  Vidal, 
however,  speaking  guardedly,  said  he  should  be  surprised  if 
the  minium  were  the  only  cause  of  the  defects  discovered.  He 
mentioned  some  curious  circumstances  within  his  experience. 
In  March,  1893,  torpedo-boats  Nos.  143  and  144  being  ordered 
to  Corsica,  it  occurred  to  him  to  pass  them  through  dock,  and 
but  for  this  they  would  have  been  sent  to  sea  with  grave  de- 
fects in  their  hulls.  In  effect,  so  bad  was  the  state  of  No.  143 
that  Captain  Yidal,  placing  his  finger  in  one  of  the  piqUres, 
broke  through  the  thin  wall  that  still  remained  in  the  interior. 
The  boat  had  been  docked  four  months  before,  but  he  could  not 
believe  that  defects  so  grave  could  have  been  produced  within 
that  period." 

Sheathing  and  Speed. — A  report  has  recently  been  made 
to  the  Navy  Department  showing  that  in  a  voyage  of  675  miles 
of  the  United  States  ship  Bennington,  she  made  a  speed  of  7.85 
knots  per  hour  and  burned  a  tenth  of  a  ton  of  coal  per  mile. 
In  another  voyage  she  steamed  only  about  6  20  knots  and 
burned  nearly  twice  as  much  coal.  The  difference  is  attributed 
to  the  condition  of  her  bottom,  which  was  cleaned  during  one 
voyage  and  foul  on  the  other.  Other  instances  are  quoted  of 
similar  effects  in  other  ships.  Commenting  on  this,  a  writer 
in  the  New  York  Sun  says  : 

"  The  lesson  in  these  various  instances  is  plainly  the  advan- 
tage which  the  old  wooden-sheathed  vessels  possess  over 
the  new  steel  fleet  in  their  capacity  to  keep  the  sea  very  much 
longer  without  needing  to  be  cleaned.  The  adoption  of  the 
policy  of  not  sheathing  the  new  steel  vessels  was  deliberate. 
It  was  desired  to  get  the  maximum  speed,  and  it  is  of  course 
evident  that  the  weight  of  sheathing  is  so  much  extra  to  be 
carried  along  by  the  same  engine  power.  It  is  also  so  much 
clear  addition  to  the  original  cost.  At  that  time,  also,  there 
were  some  doubts  as  to  the  wisdom  of  sheathing  steel  vessels, 
on  account  of  the  galvanic  action  which  it  was  feared  would 
be  set  up  between  the  two  metals.  Finally  the  English,  on 
whose  practice  our  first  steel  cruisers  were  largely  based,  were 
in  the  habit  of  making  most  of  their  steel  cruisers  unsheathed. 

"  But  such  facts  as  the  foregoing  have  led  some  of  our  naval 
experts  to  question  strongly  the  wisdom  of  our  policy  in  this 
respect.  Granted  that  the  maximum  speed  attained  by  un- 
sheathed cruisers  must  be  greater  than  if  they  were  sheathed, 
yet,  on  the  other  hand,  we  see  how  enormously  speed  is  re- 
duced by  foul  bottoms,  and  also  how  much  more  liable  steel 
vessels  are  to  folding  than  are  wooden.  Then  as  to  the  ques- 
tion of  cost,  it  is  urged  that  this  is  in  favor  of  sheathing,  in 
consequence  of  the  greatly  increased  consumption  of  coal,  as 
in  the  case  of  the  Bennington,  already  cited.  To  this  must  be 
added  the  great  cost  of  more  frequent  docking.  The  absence 
from  duty  for  such  docking  is  still  another  point.  At  all 
events,  it  might  be  well   to   have  some  sheathed  gunboat  or. 


composite  craft  for  service  in  tropical  waters.  The  English 
have  many  such." 

Explosion  of  27  Boilers. — Twenty-seven  of  a  nest  of  36 
boilers  at  the  Henry  Clay  Colliery,  near  Shamokin,  Pa.,  ex- 
ploded about  7.30  o'clock  on  the  morning  of  October  11,  com- 
pletely destroying  the  boiler  house,  killing  five  men,  seriously 
injuring  two,  and  slightly  injuring  four.  The  explosion  oc- 
curred just  after  the  colliery  had  started  work  for  the  day.  It 
was  a  very  cold  morning,  and  the  men  who  were  killed  and 
injured  were  standing  around  the  boilers  getting  warm.  The 
men  in  the  inside  working  had  to  walk  to  the  surface,  as  the 
cars  could  not  be  run.  The  big  boiler  house  and  several  ad- 
joining buildings,  such  as  the  blacksmith  shop  and  storehouse, 
were  completely  wrecked. 

Without  warning  the  last  boiler  on  the  west  side  of  the  nest 
went  up.  and  it  was  followed  by  the  others  in  rapid  succes- 
sion. The  workmen  were  knocked  in  every  direction,  and 
what  had  been  a  strong  corrugated  iron  building  disappeared 
as  if  by  magic.  All  that  remained  was  a  mass  of  bricks  and 
timbers,  pieces  of  twisted  pipe  and  battered  boiler  iron. 

The  nine  remaining  boilers  were  so  injured  that  they  can 
never  be  used.  Pieces  of  heavy  steel  were  carried  hundreds 
of  yards,  while  a  half  of  a  boiler  was  found  over  a  quarter  of 
a  mile  away  up  the  mountain. 

One  cause  to  which  the  explosion  is  assigned  is  that  the 
boilers  had  become  greatly  weakened  by  the  mine  water  that 
was  used  during  the  long  drought  in  the  summer.  Lime  was 
used  to  neutralize  the  acids  in  the  mine  water,  but  the  boilers 
are  said  to  be  quickly  eaten  away  by  this  water. 

The  colliery  is  operated  by  the  Philadelphia  &  Reading 
Coal  &  Irou  Company,  and  is  "the  best-equipped  plant  of  that 
company  in  this  region.  The  pecuniary  loss  is  $100,000.  Six- 
teen hundred  men  and  boys  are  thrown  out  of  employment. 
Coal  from  the  Sterling  and"  Big  Mountain  mines  was  prepared 
for  market  at  the  shaft-breaker,  which  is  constructed  of  iron. 
Tlie  shaft  pay  roll  amounted  to  $40,000  per  mouth.  It  will 
take  six  weeks  before  the  plant  will  be  able  to  resume. 

Work  of  the  Patent  Office.— A  striking  feature  in  the  pre- 
liminary report  of  the  Commissioner  of  Patents  is  the  falling 
off  of  applications  during  the  year. 

While  in  the  fiscal  year  1894  only  39.206  applications  were 
made,  there  were  43,589  in  1S93,  43,544  in  1892,  43,616  in  1891, 
and  43,810  in  1890.  Thus  it  would  appear  that  years  of  busi- 
ness depression  are  not  conducive  to  inventive  activity.  The 
falling  off  in  applications  has  resulted  in  a  decreased  income 
from  "fees,  the  net  receipts  having  been  $1,183,523.18  and  the 
net  expenditures  $1,053,962.38.  A  surplus  of  $129,560.80  re- 
mained, therefore,  to  be  carried  over  to  the  balance  in  the 
United  States  Treasury  on  account  of  the  patent  fund,  which, 
on  June  30  last,  amounted  to  $4,409,366.74. 

The  Patent  Office  has  done  remarkably  well  in  getting  its 
work  more  up  to  date  than  in  previous  years.  At  the  end  of 
the  fiscal  year  there  were  only  7,076  applications  awaiting 
action  on  the  part  of  the  office,  against  8,283  in  1893,_and  9,447 
the  year  before.  Commissioner  Seymour  calls  attention,  never- 
theless, to  the  pressing  need  for  more  clerical  assistance,  and 
his  statement  that  only  eight  out  of  the  34  divisions  of  the 
office  had  their  work  within  one  month  of  date  and  16  divi- 
sions were  2  months  behind,  would  appear  to  be  abundant  evi- 
dence of  such  need  for  increase  in  the  force. 

Probably  the  most  important  work  done  during  the  last 
year  has  been  the  classification  of  the  522,185  patents  issued 
during  the  history  of  the  Patent  Office  up  to  June  30,  1894, 
which  will  be  published  in  this  year's  report  in  full.  The 
work  is  entirely  new  and  represents  a  vast  amount  of  labor. 
The  classification  consists  of  212  classes,  and  about  5,000  sub- 
classes, and  the  figures  are  a  most  interesting  index  of  the  in- 
ventive  activity  of  this  country  during  the  existence  of  the 
patent  system."  Some  of  the  "largest  lists  of  letters  patent 
issued  are  the  following  :  Trade  marks,  24,938  ;  designs, 
23,407  ;  stoves  and  furnaces,  18,500  ;  railway  cars,  14,600  ; 
carriages  and  wagons,  18,000  ;  lamps  and  gasfittiugs,  10,000  ; 
boots  and  shoes,  10,000  ;  packing  and  storing  vessels,  10,500  ; 
harvesters,  10,000  ;  clasps,  buckles  and  buttons,  9,000  ;  locks 
and  latches.  9.000  ;  harness,  9,500  ;  pumps,  9,300  ;  seeders  and 
planters,  9,000  ;  steam  engines,  8.500  ;  railways,  8.000  ;  plows, 
8  600  ;  mills,  8.000  ;  measuring  instruments.  8.500  :  butchers' 
hardware,  S.200  ;  apparel.  7.500  ;  beds,  5,0110  ;  chairs.  4,200  ; 
fences,  6,600  ;  firearms,  6,640  ;  metallurgy,  7,600  ;  water  dis- 
tribution, 0.000  •  sewing-machines,  6.500  ;  steam  boilers,  5,800  ; 
printing,  6,880. 

Electrical  Schools.— During  the  World's  Fair  in  Chicago  a 
series  of  lectures  by  practical  electricians  in  charge  of  electri- 
cal exhibits  was  commenced.  The  applications  for  admission 
lo  these  lectures  were  so  numerous  that  they  had  to  be  aban- 
doned owing  to  the  impossibility  of  accommodating  those  who 
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wished  to  attend,  and  the  discrimination  which  had  to  be  made 
created  so  much  dissatisfaction  that  they  were  abandoned. 
The  interest  in  them  was  not  allowed  to  die  out,  however. 
Mr.  Edison  and  Professor  Barrett,  chief  of  the  Electrical  De- 
partment, and  Professor  C'arliart,  President  of  the  Board  of 
Judges  at  the  World's  Pair,  determined  to  reorganize  the 
whole  plan  on  a  permanent  basis  and  along  the  philanthropic 
lines  for  the  education  of  the  people  in  the  commercial  side  of 
electricity. 

The  National  School  of  Electricity  was  organized  during  or 
after  the  World's  Fair  011  lines  that  had  never  been  attempted 
before  in  any  educatioual  enterprise.  The  lessons  that  make 
up  the  course  are  so  written  as  to  lie  within  the  limits  of  the 
mental  capacity  of  mechanics,  engineers,  and  young  persons 
who  have  not  had  the  benefits  of  a  scientific  or  advanced  edu- 
cation. The  lessons  are  written  without  the  use  of  the  higher 
mathematics,  and  are  taught  almost  entirely  by  the  "  object- 
lesson  method." 

The  educational  faculty,  as  it  stands  now,  after  several 
months  of  hard  labor  to  cover  all  the  branches  of  practical 
electricity  in  its  make-up.  is,  Thomas  A.  Edison,  Dean  ;  Mr. 
Nikola  Tesla ;  Professor  II.  S.  C'arliart,  of  Ann  Arbor  Univer- 
sity ;  Professor  Harris  J.  Ryan,  of  Cornell  ;  Professor  Will- 
iam A.  Anthony  ;  Professor  B.  F.  Thomas,  of  the  University 
of  Ohio  ;  Professor  D.  C.  Jackson,  ol  the  University  of  Wis- 
consin ;  F.  A.  C.  Perrine.  of  Leland  Stanford  University  ;  Pro- 
fessor Brown  Ayres,  of  the  University  of  Louisiana  ;  Professor 
George  D.  Shepardson,  of  the  University  of  Minnesota  ;  Pro- 
fessor Elisha  Gray  ;  Professor  M.  O'Dea.  of  Notre  Dame  Uni- 
versity ;  Dr.  W.  J.  Herdman,  of  Ann  Arbor  University,  and 
Professor  J.  B.  Barrett,  chief  electrician  of  the  city  of  Chicago. 
The  teaching  is  done  by  means  of  classes  organized  in  various 
parts  of  the  country  and  at  several  places  in  the  large  cities. 
The  work  is  arranged  by  members  of  the  faculty,  by  thoroughly 
experienced  instructors,  and  makes  use  of  large  quantities  of 
electrical  apparatus. 

As  the  scheme  to  a  certain  extent  was  an  experiment  it  was 
decided  to  start  it  in  Chicago,  where  it  had  its  birth,  with  a 
view  to  discovering  how  the  plan  would  work  before  attempt- 
ing to  perfect  the  organization  in  other  centers  of  the  country. 
The  first  class  was  organized  last  June  in  Chicago,  and  since 
that  time  more  than  40  classes  have  been  organized  in  Chicago 
and  other  places  in  Illinois,  in  Minnesota,  Michigan,  Wiscon- 
sin, Missouri,  Indiana  and  Ohio,  with  a  total  membership  of 
about  1,500  students.  In  Chicago  the  school  was  put  into 
the  Armour  Institute  as  the  elementary  course  in  electricity. 
The  main  office  of  the  school  in  New  York  City  is  in  the 
Decker  Building,  Union  Square, 

The  New  American  Atlantic  Steamers. — The  old  adage 
that,  in  order  to  get  the  news,  it  is  necessary  to  go  away  from 
home,  is  illustrated  by  a  letter  in  the  English  Mechanic  on  the 
above  subject,  written  by  Mr.  I.  McMurray,  of  Baltimore, 
Md.,  which  contains  such  a  good  description  of  these  new 
steamers  that  we  reprint  it.     Mr.  McMurray  says  : 

"  Those  of  your  readers  who  take  an  interest  in  the  modern 
Atlantic  steamers  for  mail  and  passenger  service  will  perhaps 
like  to  read  the  following  particulars  of  the  vessels  that  are 
building  as  additions  to  the  American  line  of  the  Interna- 
tional Navigation  Company.  It  may  be  remembered  that  the 
company  were  permitted  by  Congress  to  place  under  the 
American  flag  two  of  their  fastest  British-built  ships,  provided 
that  they  constructed  others  of  equal  or  higher  class  in  the 
United  States.  The  company  accordingly  placed  the  Inman 
liners  City  of  New  York  and  City  of  Paris,  on  the  Southampton 
route,  dropping  the  '  City  of  '  from  their  names.  The  new 
vessels  now  approaching  completion  at  Cramp's  Yard,  on  the 
Delaware,  will  also  be  named  after  cities,  the  St.  Louis  and 
the  St.  Paul,  but  will  differ  in  appearance  from  the  quondam 
Inman  liners  by  having  two  funnels  instead  of  three— still  pre- 
serving, of  course,  the  white  band  near  the  top  as  the  mark  of 
the  line— straight  stems,  and  two  pole-masts  instead  of  three. 
They  are  the  first  Transatlantic  passenger  steamers  to  be  built 
in  the  United  States  for  a  period  of  over  20  years,  and  they 
will  be  compared  with  the  most  recent  productions  of  British 
ship-builders.  They  are  the  largest  vessels  ever  constructed  in 
America,  their  principal  dimensions  being  :  length  over  all, 
554  ft.  ;  length  on  load  water-line,  536  ft.  ;  extreme  breadth, 
63  ft.  ;  molded  depth,  42  ft.  ;  tonnage,  gross  register,  11,000 
tons.  They  are,  therefore,  not  so  large  as  the  Paris,  and  not 
nearly  so  large  as  the  latest  Cunarders.  The  hull  of  each  ves- 
sel has  a  double  bottom  constructed  on  the  cellular  principle, 
subdivided  by  athwartship  bulkheads  and  a  longitudinal  divi- 
sion. They  are  so  subdivided  by  transverse  bulkheads,  that 
even  in  the  event  of  a  collision  and  injury  to  a  bulkhead, 
whereby  two  compartments  might  fill  with  water,  the  ship 
may  Still  lloat  in  perfect  safety.  They  have  a  straight  stem 
and  elliptical  stern,  topgallant  forecastle  and  poop,  with  close 


bulwarks  fore  and  aft,  two  pole  masts  and  two  funnels.  There 
are  promenade,  saloon,  ripper,  main  and  orlop  decks,  the  three 
first  named  to  be  plated  from  end  to  end.  The  main  deck  is 
plated  for  the  length  of  the  machinery  spaces,  and  has  string- 
ers and  tie-plates  beyond.  Wood  planking  is  laid  on  all  decks. 
The  promenade  deck  will  remain  unbroken  the  whole  length 
of  the  vessel.  Arrangements  have  been  made  in  each  of  the 
vessels  for  carrying  about  320  first-class  and  200  second-class 
passengers  and  900  emigrants.  The  first  class  passengers  will 
occupy  the  center  of  the  vessel,  the  second  class  will  be  between 
the  stern  and  the  center,  and  emigrants  will  occupy  the  ends  of 
the  vessel.  The  main  saloon,  which  is  large  enough  to  seat  all 
the  first-class  passengers  at  once,  will  be  on  the  upper  deck 
forward,  and  will  be  arranged  with  a  large  dome  in  the  mid- 
dle, so  that  the  appearance  of  the  interior  will  be  that  of  an 
immense  hotel  dining-hall.  The  second  class  saloon  will  also 
be  on  the  upper  deck,  but  toward  the  after  end,  and  will  be 
fitted  up  in  the  ordinary  style  of  a  first-class  saloon  on  an  At- 
lantic liner.  The  first-class  smoking-room  will  be  on  the 
promenade  deck  aft,  and  will  be  furnished  with  everything 
that  experience  has  taught  contributes  to  the  comfort  of  the 
passengers.  Besides  these  there  will  be  a  library  and  draw- 
ing-room, where  the  ladies  and  non-smokers  may  amuse  them- 
selves. 

"  So  far,  it  will  be  seen  there  is  nothing  very  special  or  pecul- 
iar about  these  new  Atlantic  ferryboats  ;  but  it  is  stated  that 
the  engines  of  the  new  steamers  will  be  the  most  powerful 
quadruple-expansion  marine  engines  in  the  world.  They  will 
probably  develop  about  10,000  I.H.P.  each.  The  cylinders 
will  be  36  in.,  50  in.,  71  in.  and  100  in.  respectively  in  diameter, 
with  a  piston  stroke  of  60  in.,  two  sets  of  engines  being  placed 
in  each  vessel  to  turn  the  twin  screws,  which  will  be  sectional 
with  three  blades.  Steam  for  the  working  of  the  main  engines 
will  be  furnished  at  about  200  lbs.  pressure  by  six  steel  double- 
ended  boilers,  each  20  ft.  long  and  15  ft.  l\  in.  in  diameter  ; 
the  battery  to  have  48  Pur ves  furnaces  39  in.  in  diameter,  and 
to  be  fitted  with  Serve's  patent  tubes.  The  total  grate  surface 
will  aggregate  about  830  sq.  ft.,  and  the  heating  surface  about 
30,000  sq.  ft.  Piston  valves  will  be  fitted  throughout,  and 
be  operated  in  the  usual  manner.  The  crank-shafts,  eccentric 
straps,  and  connecting-rods  will  be  of  forged  steel,  and  the 
piston-rods  will  be  of  ingot  steel.  The  valve  gear  will  be  of 
the  link  type,  controlled  by  a  steam  cylinder,  and  also  by  an 
auxiliary  hand  gear.  The  columns  will  be  of  cast  steel,  forked 
at  bottom.  The  thrust  blocks  will  be  of  the  usiral  horseshoe 
type,  and  the  thrust  shafts  are  to  be  about  13  ft.  long.  The 
line  shafting  will  be  of  forged  steel,  the  bearings  being  of  east 
iron.  The  air  pumps  will  be  attached,  but  the  condensers 
will  be  independent.  To  support  the  outboard  shaft  bearings, 
the  hull  is  built  out  in  a  horizontal  web  to  a  steel  frame,  hav- 
ing both  bosses  cast  in  one  piece  and  weighing  about  68,000 
lbs.  The  after  '  deadwood  '  is  cut  away,  and  the  keel  slopes 
up,  so  that  the  shoe  meets  the  boss  frame  at  the  after  end.  To 
comply  with  the  terms  of  the  contract,  the  builders  will  have 
to  show,  by  an  extended  sea  trial,  that  when  working  under 
ordinary  sea-going  conditions  the  vessels  are  easily  capable  of 
maintaining  a  speed  of  20  knots  per  hour  at  sea.  These  quad- 
ruple expansion  engines  are  the  most  interesting  feature,  as 
they  represent  the  first  attempt  to  use  '  quadruples  '  in  engines 
of  over  4,000  I.H.P. 

"The  vessels  are  so  arranged  as  to  be  quickly  converted 
into  '  commerce  destroyers,'  and  they  are  all  American,  '  no 
foreign  materials  entering  into  their  construction  '  (except,  per- 
haps, some),  and  they  are  being  built  by  American  skill  and 
muscle  (plus  some  that  have  found  their  way  into  this  coun- 
try). But  your  readers  will  understand  that  Americans  are 
proud  of  these  vessels  ;  and  perhaps  they  may  be  prouder  still 
when  some  others  that  are  now  in  '  consultation  '  take  the 
ocean,  and  beat  the  White  Stars  and  Cunarders— if  they  do." 

The  Chignecto  Ship  Railway.— Transportation,  an  English 
paper,  says  :  "  There  is  still  hope  for  the  Chignecto  Ship  Rail- 
way project.  Mr.  Provand,  M.P.  for  the  Blackfriars  Division 
of  Glasgow,  went  to  Ottawa  recently,  with  several  other  gen- 
tlemen interested  in  the  matter,  in  order  to  influence  the  Gov- 
ernment of  the  Dominion  in  favor  of  the  undertaking.  That 
the  Canadian  Government  are  in  warm  sympathy  with  the  pro- 
moters has  been  demonstrated  for  years,  but  it  was  feared  that 
repeated  delays  and  misfortunes  might  have  exhausted  their 
patience.  The  subsidy  of  £34,000  per  annum  granted  by  the 
Dominion  expired  on  July  31  last  year,  owing  to  the  stoppage 
of  work  ;  and  the  object  of  Mr.  Provand  and  his  friends  was 
to  induce  the  Government  to  extend  the  concession.  He  as- 
sured the  Government  that  the  English  stockholders  have  suffi- 
cient capital  available  to  complete  the  work,  and  have  practi- 
cally entered  into  a  contract  to  this  end  with  Messrs.  Pearson. 
They,  therefore,  promise  that  if  the  subsidy  is  continued  the 
work  will  be  completed  within  a  stipulated  time. 
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"  The  line,  which  is  17  miles  in  length,  crosses  the  isthmus 
in  a  straight  course  from  the  Bay  of  Pundy  to  the  Gulf  of  St 
Lawrence,  and  thus  saves  navigators  a  long  voyage  of  600  miles 
around  the  exposed  coast  of  Xova  Scotia.  The  maximum 
grade  is  1  in  500.  At  each  terminus  are  docks,  and  hydraulic 
lifts  have  already  been  constructed,  although  not  quite  com- 
pletely erected  on  the  site  for  lifting  from  the  bottom  of  these 
docks  large  gridirons,  on  which  the  vessels  will  be  wedged  up 
with  iron  chock  blocks  in  a  manner  similar  to  that  adopted  at 
the  slips  at  Pointhouse  and  other  Clyde  works.  There  are  30 
hydraulic  rams,  10  on  each  side  of  the  narrow  dock.  Each 
ram  is  2.5  in.  in  diameter,  and  they  are  forced  up  in  cylinders 
by  water  at  1,300  lbs.  pressure  so  as  to  raise  the  gridiron  with 
the  ship  upon  it  a  height  of  40  ft  The  weight  of  the  gridiron 
already  on  the  site  is  1,500  tons.  The  ship  to  be  lifted  must 
not  exceed  2,000  tons,  the  limit  of  size  being  240  ft.  long.  60 
ft.  wide  and  16  ft.  draught,  and  the  time  taken  to  raise  the 
vessel  is  expected  to  be  20  minutes.  The  vessel  will  be  raised 
to  rail  level.  Beneath  a  2,000-tons  vessel  there  will  be  three 
75-f  t.  bogies,  having  in  all  192  solid  wheels  3  ft.  in  diameter. 
Two  immense  American  locomotives  are  to  draw  the  ship  over 
the  rails.  The  engineers  of  the  Forth  Bridge  are  associated 
directly  with  the  scheme."' 

The  Panama  Canal.— It  is  reported  that  a  new  company 
has  been  organized  by  French  and  American  capitalists,  and  is 
about  to  begin  operations  to  complete  De  Lessep's  great  scheme. 
The  commissioners  who  were  sent  to  the  isthmus  in  1890  to 
investigate  the  condition  of  the  canal  and  to  make  an  estimate 
of  the  probable  cost  of  completing  it,  fixed  the  expense  at 
900.000,000  francs.  In  an  article  in  the  Xew  York  Herald  it  is 
said  that  : 

"  During  the  past  year  the  subject  has  been  taken  up  again. 
The  American  gentlemen  connected  with  the  management  of 
the  Panama  Railroad,  which  is  controlled  by  the  Panama  Canal 
Company,  had  Colonel  A.  L.  Rives,  the  Chief  Engineer  of  the 
railroad,  make  a  careful  examination  of  the  work  done  and  the 
cost  of  completing  it.  Colonel  Rives  finished  his  task,  and  it 
was  submitted  to  the  leading  interests  in  the  canal  and  to  sev- 
eral institutions  in  Paris.  It  gave  a  new  aspect  to  things,  for 
it  was  estimated  that  the  project  could  be  completed  with  a 
series  of  six  locks  at  a  cost  of  500,000,000  francs  instead  of 
900,000,000  francs,  as  estimated  by  the  French  commissioners. " 

It  is  said  that  several  French  financial  institutions — among 
them  the  Credit  Lyonaise,  Societe  Gent-rale  and  Credit  Indus- 
triale  will  lend  their  support  to  the  new  scheme. 

"  The  original  plan  was  to  build  a  sea-level  canal,  and  work 
was  begun  on  it  in  January,  1880.  As  a  matter  of  fact,  the 
bottom  of  the  canal  was  to  be  10  meters  below  the  level  of  the 
sea.  But  it  was  soon  found  that  the  excavation  between  Bujio 
and  Miraflores  would  cost  a  vast  amount  more  than  they  ex- 
pected, so  a  lock  waterway  was  decided  upon  in  September, 
1887,  which  reduced  the  cube  to  cubic  meters  to  be  excavated 
from  108,000,000  to  34,000,000,  without  changing  the  length, 
breadth  and  depth  of  the  main  portion  of  the  waterway. 

'*  Colonel  Rives's  plan  is  a  modification  of  that  recommend- 
ed by  the  commissioners  in  1890.  It  is  now  admitted  by  all 
expert  engineers  that  the  only  solution  of  the  problem  for  "con- 
trolling the  treacherous  waters  of  the  Chagres  River  is  the 
erection  of  an  artificial  lake,  between  Bujio  and  Moraflores. 
100  ft.  or  more  above  the  sea  level.  That  section  of  the  coun- 
try forms  the  watershed  of  the  isthmus,  and  it  was  on  the  for- 
midable Culebra  Mountain,  originally  370  ft.  high,  that  much 
of  the  money  was  expended  in  excavating." 

New  Army  Rifles  — The  new  army  rifle  which  has  been 
adopted  to  take  the  place  of  the  Springfield  rifle  is  30  in.  long  in 
the  barrel,  with  a  horizontal  magazine  lengthwise  with  the 
barrel.  This  magazine  contains  five  cartridges,  and  has  a  cut- 
off, so  that  the  piece  can  be  used  as  a  single-shot  arm  and  the 
rapid  fire  of  the  magazine  held  in  reserve,  while  the  firing  of 
single  shots  goes  on  at  the  rate  of  30  per  minute.  The  en- 
tire arm  weighs  about  S  lbs.,  including  a  knife  shaped  bayo- 
net. The  bayonet  is  quite  as  great  a  departure  from  the  old- 
style  weapon  as  is  the  arm.  The  familiar  three-cornered  piece 
of  steel  belonging  to  the  infantry  military  arms  of  all  nations 
for  150  years  has  given  way  to  the  knife-blade  form  of  bayo- 
net. 

But  the  interest  in  the  new  arm  culminates  in  the  cartridge 
it  fires.  This  weighs  about  one-half  as  much  as  the  old 
.45-70-405  Springfield  cartridge.  As  the  new  arm  is  much 
lighter  than  the  old,  the  soldier  can  carry  175  or  even  300 
rounds  of  the  new  ammunition  without  any  increase  of  load 
beyond  what  the  old  cartridge  gave  when  but  100  were  car- 
ried. The  charge  of  powder  for~the  United  States  rifle  is  now 
37  grains  of  a  German  smokeless  explosive  known  as  the 
Wetteren.  Something  very  like  it  will  be  adopted  for  perma- 
nent use.     This  was  chosen  because  it  gave  but  little  smoke. 


if  any.  Its  burning  produces  a  mist-like  vapor,  and  the  report 
is  about  one-half  as  loud  as  that  of  the  service  charge  of  black 
gun  powder.  The  bullet  is  about  an  inch  long,  of  hardened 
lead,  with  a  very  thin  covering  of  nickel  or  steel.  In  order  to 
insure  to  so  long  and  slender  a  missile  steadiness  of  flight  over 
such  enormous  ranges,  a  more  rapid  twist  in  the  rifle  became 
necessary.  The  barrels  of  the  new  rifle  have  four  grooves 
about  .003  in.  deep.  They  have  one  turn  in  about  12  in.,  or 
two  and  a  half  complete  twists  in  30  in.  A  long  and  slender 
bullet  fired  with  the  extreme  velocity  of  2,000 ^ft.  per  second 
would  not  take  the  rifling  in  arms  with  so  short  a  twist  at  all, 
but  would  '  strip"  or  jump  the  grooving  and  leave  the  gun 
nothing  but  a  shapeless  slug  of  lead.  In  order  to  overcome 
this,  the  hard  metal  coating  of  the  bullet  was  necessary,  as  well 
as  the  increased  hardening  of  the  lead  used  in  the  projectile. 
The  writer  in  the  Army  S     v  Journal  who  gives  the 

above  information  regarding  this  rifle,  says  that  there  are  two 
interesting  questions  that  are  yet  to  be  settled.  The  fir--  - 
whether  the  bullet,  with  all  its  power,  possesses  the  stunning 
effect,  the  "  knocking-out"  force,  that  is  necessary  to  disable 
an  antagonist  at  once.  In  battles  with  the  Aiabsin  the  Sou- 
dan the  English  found  that  they  required  a  blow  from  a  bullet 
that  would  knock  them  down.  The  small-bore  projectile  has 
but  a  small  striking  surface.  The  only  test  on  live  human 
beings  that  have  been  made  were  very  recently  in  some  small 
skirmishes  between  British  infantry,  armed  with  the  upw  rifle, 
and  the  hill  tribes  along  the  Burmese  border.  In  these  com- 
bats the  small  bullets  did  not  prove  so  effective  as  the  old-time 
.45-caliber  480-grain  missile  of  the  Martini- Henry.  Men  were 
hit  two  and  three  times,  but  not  immediately  knocked  down 
and  prevented  from  fighting.  A  savage,  be  he  a  Zulu,  an  East 
Indian  hillman,  or  an  American  Indian,  must  be  at  once  dis- 
abled to  prevent  his  doing  further  harm. 

An  interesting  illustration  of  this  once  came  under  the 
writer's  notice.  In  May,  1859,  part  of  the  Second  United 
Slates  Regiment  of  Cavalry  Troops  A.  B.  C.  F.  G  and  Hi 
fought  a  very  sharp  action  with  1.500  Comanche  warriors. 
Lieutenant  Hood  (afterward  lieutenant-general  in  the  Confed- 
erate Army),  the  adjutant  of  the  command,  went  into  the  tight 
armed  with  a  heavy  ten-bore  double  gun  loaded  with  a  heavy 
charge  of  buckshot.  He  shot  an  Indian  with  both  barrel- 
distance  of  not  more  than  15  paces.  Though  terribly  wound- 
ed, the  savage  had  still  power  enough  to  shoot  and  wound 
Hood,  very  severely  with  an  arrow,  to  pin  Major  Thomas'  chin 
down  to  his  breast  with  another  and  to  mortally  wound  an  en- 
listed man  with  a  third  arrow  before  he  himself  died.  The 
average  white  man  would  have  been  crippled  beyond  pos- 
exertion  by  the  shock  of  such  wounds  as  the  Indian  received, 
but  the  red  man  still  had  the  use  of  his  arms,  and  handled  his 
bow  and  heavy  steel-pointed  war  arrows  with  almost  deadly 
effect  until  the  breath  had  actually  gone  out  of  him.  The 
immediate  use  of  this  new  weapon  in  the  United  States  will  be 
in  the  occasional  Indian  outbreaks  that  may  occur  from  time 
to  time. 

Tests  of  Serve  Tubes. — Some  interesting  experiments  on 
the  relative  efficiencies  of  Serve  and  plain  boiler  tubes  have 
recently  been  made  at  Barrow  by  Mr.  Blechynden.  The  ap- 
paratus used  is  shown  diagrammatically  in  the  annexed 
sketch.  It  consists  of  a  set  of  model  boilers  through  which 
were  placed  a  Serve  tube  and  a  plain  lube  marked  B.  The 
lubes  of  one  boiler  were  coupled  to  those  of  the  othei  as  indi- 
cated, and  Siemens'  pyrometers  A  A  A  A  were  fitted  at  the 
end  of  each  tube.  A  blowpipe  gas  jet  was  then  caused  to 
send  its  flame  through  one  set  of  tubes.  The  pyrometer  tem- 
peratures were  noted,  and  also  the  evaporation  effected.  The 
boilers  were  21  in.  long  by  "i  in.  in  diameter,  and  were  clothed 
with  asbestos  and  cotton  wool.  The  Serve  tubes  obtained 
from  Messrs.  J.  Brown  &.  Co.  were  2i  in.  in  diameter  outside 
and  2T3^  in.  inside.  They  have  seven  ribs  ^  in.  deep  by  ^  in. 
mean  thickness  The  plain  tubes  were  of  iron,  and  were  made 
by  Messrs.  A.  &  J.  Stewart  &  Clydesdale,  Limited,  of  Glasgow. 


These  were  2§  in.  in  diameter  outside  and  2  in.  inside.  The 
mean  of  several  experiments  showed  that  with  a  temperature 
of  1,000°  F.  at  the  blowpipe  end  of  the  boiler,  and  500:  F.  at 
the  uptake  end.  the-  Servt-  tube  transmitted  6,000  British 
mal  units  per  square  foot  per  hour,  and  the  plain  tube  4,500 
British  thermal  units  per  square  foot  per  hour.  The  area 
measurements  were  made  on  the  outside  or  emission  surfaces 
of  the  tubes.  From  these  experiments  it  would  seem  that  the 
Serve  ribs  are  very  efficient  heat  collectors  when  hot  gases  are 
passed  through  the  tubes. — Engineering. 
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Hand  Boiler  Punch.  — Tn  another  column  of  this  issue  we 
publish  a  description  of  a  combined  screw  and  hydraulic  press 

in  use  at  Corning,  N.  Y.  The  punch  which  is  here  illustrated 
works  upon  the  same  principle,  but  needs  a  slight  addition,  in 
order  to  make  it  thoroughly  acceptable  and  satisfactory.    The 

principle  upon  which  it  works  is  that  the  hand  screw  is  driven 
down  into  the  chamber  . I,  which  is  filled  with  grease,  causing 
a  certain  pressure  per  square  inch  to  I"-  exerted  upon  it  ;  this 
pressure  is  transferred  to  the  end  of  the  punch,  which  is  larger 


COMBINED   SCREW   AM)    II  V  IlIiA  I'M! '    ITNC11. 

on  the  screw  end,  and  therefore  subjected  to  a  greater  pressure 
than  that  exerted  by  the  screw  ilscIT.  It  will  be  seen  that  the 
screw  is  very  long  ;  and  when  it.  is  new  and   well   fitted   nol 

much  trouble  is  caused  by  the  grease  working  back  up  the 

threads,  but  as  soon  as  it  becomes  worn  leakage  occurs,  and 
the  etliciency  of  the  punch  is  correspondingly  diminished,  If 
this  were  arranged  with  the  packing  by  the  screw  it  would  be 

a  very  valuable  little  tool  for  punching  through  moderate 

thicknesses  of  metal,  for  which  nothing  but  hand  power  is 
available. 

The  Failure  of  Torpedo  Boats  in  the  Manoeuvres  of  the 
British  Fleet. — A  correspondent  oi  the  London  Times,  who 
described  the  recent  manoeuvres  of  the  Beet,  comments  as  fol- 
lows on  the  elTectiveness  or,  rather,  non-effectiveness  of  the 
torpedo-boats  : 

"  A  subsidiary  feature  of  the  manoeuvres,  of  no  little  interest 
in  itself,  is  the  total  failure  of  the  torpedo-boats  on  either  side 
to  put  in  an  effective  appearance  or  in  any  way  to  hamper  the 
movements  of  their  adversaries.  This  is,  of  course,  partly  due 
to  the  fact  that,  owing  to  the  premature  conclusion  of  the 
manoeuvres,  they  had  only  a  single  night  iu  which  to  operate. 
The  C  Blue  fleet  was  not  attacked  at  all,  but  the  I)  Blue  fleet 
was  attacked  early  in  the  night,  apparently  without  success. 
All  this  is  most  instructive.  The  night,  though  fairly  clear, 
was  very  dark.     A  ship  without  lights  could  hardly  have  been 


seen  at  all  from  the  deck  of  a  torpedo-boat  at  a  distance  of 
more  than  300  yards.  Admiral  FilzRoy  apparently  proceeded 
altogether  without  lights.  In  these  circumstances  it  is  plain 
that  the  Blue  torpedo-boats  could  only  come  across  him  by  the 
merest  accident.  No  skill  or  vigilance  on  their  part  could  en- 
able them  to  do  it.  The  conditions  in  the  neighborhood  of 
Belfast  were  a  little  more  favorable  to  the  Red  torpedo-boats 
stationed  there,  because  the  channel  is  narrower  and  the  Blue 
fleets  used  their  navigation  lights.  But  even  here  the  chances 
were  all  against  the  torpedo-boats,  which  not  only  bad  to  find 
the  ships  to  be  attacked,  but  to  fire  their  torpedoes  before  they 
had  themselves  been  under  fire  for  30  rounds  from  the  ships. 
It  has  been  proved  experimentally  that  more  than  30  rounds 
can  be  tired  from  a  ship  in  the  very  brief  interval  which 
elapses  between  the  discharge  of  the  torpedo  and  the  moment 
it  strikes  the  ship.  Hence,  iu  the  most  favorable  circum- 
stances a  torpedo-boat  has  very  little  chance  indeed  under  the 
rules  laid  down  for  the  manoeuvres.  But,  without  further  in- 
sisting on  this  point,  which  is  a  point  of  manoeuvre  practice 
not  quite  analogous  to  the  conditions  of  actual  warfare,  I 
would  point  out  that  the  proper  tactics  of  torpedo-boat  attack 
seem  as  yet  to  have  been  very  insufficiently  studied.  For  the 
reasons  I  have  given  the  chances  of  a  torpedo-boat  finding  the 
ship  or  Meet  it  desires  to  attack  appear  in  practice  to  be  so 
small,  except  in  the  case  of  a  ship  or  fleet  known  to  be  at  an- 
chor in  a  known  position,  as  to  make  the  success  of  the  tor- 
pedo-boat a  matter  of  the  merest  accident.  A  moonlight  night, 
which  increases  the  chances  of  a  torpedo-boat,  also  increases 
the  defensive  power  of  the  ship  in  a  measure  proportional  to 
the  wider  horizon  commanded  by  the  latter.  Hence  it  is  the 
opinion  of  many  of  the  most  experienced  torpedo  officers  that 
a  division  of  torpedo-boats  must  be  provided  atits  station  with 
a  cruiser  which  can  scout  for  the  enemy  and  give  the  torpedo- 
boats  direct  information  of  the  position  he  occupied  and  the 
course  be  was  steering  at  nightfall.  In  that  case  it  becomes 
comparatively  easy  for  the  torpedo-boat  to  find  the  enemy  ;  in 
any  other  ease  the  Whole  proceeding  reduces  itself  to  a  game 
of  blind  man's  buff,  in  which  it  is  the  torpedo-boat  that  is 
blindfolded.  A  most  instructive  and  significant  illustration  of 
the  foregoing  principles  was  afforded  on  the  night  of  Satur- 
day. The  Blue  torpedo-boats  failed  entirely  to  find  Admiral 
Fit  z  I  toy's  fleet.  The  Red  torpedo-boats  found  Admiral  Dium- 
mond's  fleet,  but  failed  to  attack  it  successfully — for  what 
reason  I  have  not  been  fully  informed.  But  one  division  of 
the  Blue  torpedo-boats — the  Queenstown  division,  which  was 
transferred  to  Kingstown— met  us  on  Saturday  evening  off  the 
Kisli  Bank.  Its  leader  was  informed  by  the  admiral  that  three 
cruisers,  presumably  belonging  to  Admiral  Dale's  fleet,  bad 
been  seen  from  the  signal  station  at  Blacksod  Bay  at  an  early 
hour  in  the  morning,  and  might  therefore  be  expected  to  be  in 
the  neighborhood  of  Belfast  during  the  night.  Here  was  a 
case  in  which  the  torpedo-boats  had  a  definite  object  to  look 
for  and  a  definite  place  in  which  to  look  for  it.  They  found 
three  cruisers  under  the  Mull  of  Galloway,  and,  not  receiving 
or  failing  to  understand  the  private  signal,  they  forthwith  pro- 
ceeded to  attack  them.  Unfortunately,  the  three  cruisers  in 
question  turned  out  to  be  the  Warspite,  Australia  and  Qalatea, 
belonging  to  Admiral  Drummond's  fleet,  and  though  no  ship 
was  torpedoed,  two  out  of  the  three  torpedo-boats  were  put 
out  of  action,  the  third  having  previously  gone  astray.  Two 
points  are  here  to  be  noted — one  that  the  torpedo-boats  were 
operating,  not  at  random,  but  in  pursuit  of  a  definite  object — 
namely,  three  enemy's  ships,  whose  probable  position  and 
course  were  approximately  indicated  to  them  beforehand  ;  the 
other  that,  after  all,  the  object  they  found  was  not  the  object 
they  sought,  but  three  friendly  ships,  whose  destruction,  had 
it  been  accomplished,  would  have  inflicted  irreparable  loss  on 
their  own  side.  This  very  awkward  habit  of  mistaking  a 
friend  for  a  foe  is  one  which  has  often  before  been  exhibited 
in  manoeuvres  by  torpedo-boats.  It  is  less  likely  to  occur  in 
actual  warfare,  because  nearly  all  foreign  ships  differ  very 
widely  in  external  appearance  from  any  of  our  own  ;  but  its 
occurrence  is  regarded  by  many  authorities  as  sufficiently 
probable  to  require  that  English  torpedo-boats  should  always 
make  the  private  signal  before  proceeding  to  extremities.  This 
means,  of  course,  that  English  torpedo-boats  will  never  be  able 
to  attack  except  under  the  most  unfavorable  conditions — con- 
ditions so  unfavorable,  indeed,  as  almost"  to  insure  their  de- 
struction. But  those  who  take  this  view  regard  it  as  a  logical 
deduction  from  Lord  George  Hamilton's  dictum  that  the  tor- 
pedo-boat, is  essentially  the  weapon  of  the  weaker  combatant. 
So  regarding  it,  they  also  regard  the  almost  certain  destruction 
of  an  English  torpedo-boat  by  an  enemy  as  of  less  moment  to 
England  than  the  possible  destruction  of  an  English  battleship 
by  a  friend  ;  and  they  consider  that  the  best  way  to  avert  such 
a  catastrophe  as  the  latter  is  to  require  the  torpedo-boat  to  de- 
clare itself  by  making  the  private  signal  in  all  cases  which 
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leave  room  for  more  than  a  shadow  of  doubt.  These  views 
are  new  to  me,  as  they  will  be  to  many  of  your  readers,  who 
will  perhaps  be  not  a  little  surprised  to  learn  that  they  are 
held  by  professed  advocates  of  torpedo-boats.  They  seem  to 
place  the  strategic  value  of  the  torpedo-boat  for  English  pur- 
poses even  lower  than  some  of  its  most  severe  critics  have  ever 
ventured  to  place  it  ;  and  it  is  certainly  not  a  little  remarkable 
that  they  should  be  entertained  at  a  time  when  some  high 
authorities  are  beginning  to  doubt  whether  the  position  even 
of  the  battleship  in  the  naval  warfare  of  the  future  is  not  be- 
ginning to  be  imperilled  by  the  development  of  vessels  of  the 
Hamek  and  Hornet  class,  regarded  as  sea  keeping  torpedo- 
boats,  which  might  in  favorable  circumstances  attack  even  in 
the  daytime,  or  having  found  their  enemy  in  the  daytime, 
might  hover  round  out  of  range  and  attack  in  large  numbers 
after  dark." 

Buffington-Crozier  10  in.  Disappearing  Gun  Carriage. — 
Our  readers  will  remember  that  in  February  of  this  year  we 
published  a  very  complete  description,  with  drawings,  of  the 
8  in.  disappearing  gun  carriage  of  the  Buffington  type  designed 
by  Captain  William  Crozier.  The  work  which  was  done  by 
this  carriage  was  so  successful  that  an  order  was  at  once  issued 
for  the  construction  of  a  second  carriage  to  carry  a  10-in.  gun  ; 
this  has  now  been  completed,  tested  and  accepted.  The  ap- 
pearance of  the  two  carriages  is  so  nearly  alike  that  a  photo- 
graph of  one  might  easily  be  passed  off  for  a  photograph  of 
the  other,  with  the  exception,  of  course,  that  the  10-in.  car- 
riage is  ". ery  much  heavier  than  the  8-in.  But  even  with  this 
additional  weight  the  lightness  of  the  construction  is  such  that 
it  hardly  seems  possible  that  it  can  withstand  the  strains  which 
are  necessarily  engendered  by  the  fire  of  a  10-in.  gun.  For 
the  sake  of  a  comparison  between  the  two,  we  recapitulate 
some  of  the  dimensions  and  weights  of  the  10-in.  carriage,  liv- 
ing the  corresponding  dimensions  for  the  10-in.  carriage.  Each 
chassis  casting  for  the  8-in.  carriage  weighs  14,000  lbs.,  and 
that  of  the  10-in.  23,000  lbs.  ;  the  weight  of  the  8-in.  gun  is 
33,000  lbs  ,  that  of  the  10-in.  67,000  lbs.  ;  the  counterweight 
for  the  8-in.  is  37,-000  lbs.,  that  for  the  10-in.  67,000  lbs.  The 
limits  for  elevation  and  depression  for  the  10-in.  gun  is  15° 
elevation  and  5°  depression,  which  is  exactly  the  same  as  that 
of  the  8  in.  gun,  and  this  extreme  arc  can  be  swept  through  in 
25  seconds.  The  diameter  of  the  hydraulic  cylinders  is  11  in. 
The  total  weight  of  the  carriage,  exclusive  of  the  counter- 
weight, is  66  tons.  On  the  rapidity  tests  10  rounds  were  fired 
in  14  minutes  and  42  seconds  ;  in  alW63  rounds  have  been  fired 
from  the  gun.  The  time  required  for  the  gun  to  rise  from  the 
loading  to  the  firing  position  is  Hi  seconds  ;  but  no  record  has 
been  made  of  the  time  during  which  the  piece  remains  above 
the  parapet,  but  the  probabilities  are  that  it  is  in  the  neighbor- 
hood of  5  seconds.  As  the  piece  is  aimed  before  the  rise,  it 
can  readily  be  seen  that  in  this  5-second  interval  it  would  be 
impossible  for  an  enemy  to  fire  a  shot  and  strike  the  gun  at  a 
distance  of  2  miles,  provided  their  guns  were  trained  and  the 
lanyard  pulled  at  the  moment  of  the  appearance  of  the  muzzle 
above  the  parapet.  Before  leaving  this  subject  we  wish  to 
refer  to  a  few  of  the  details  of  the  mechanism.  The  gun  is 
trained  by  hand,  the  pinions  on  the  crank  shaft  being  4  in.  in 
diameter  and  meshing  in  with  a  spur  wheel  in  the  ratio  of  11 
to  60.  On  the  shaft  of  the  spur  gear  there  is  a  worm  driving 
a  worm  wheel,  upon  whose  shaft  there  is  a  chain  wheel  over 
which  the  chain  is  rolled,  the  ends  being  fastened  outside  of 
the  travel  :  thus  the  carriage  is  trained  by  winding  this  chain 
over  the  wheel.  Hand  gearing  is  also  used  for  elevating  and 
depressing  the  gun.  A  tiller  wheel  takes  the  place  of  a  crank, 
and  on  its  shaft  there  is  a  pinion  which  meshes  in  with  a  spur 
wheel,  on  whose  shaft  there  is  a  pinion  that  in  turn  meshes  in 
with  a  rack  on  the  link  block  at  the  lower  end  of  the  breech 
levers,  that  serves  to  elevate  and  depress  the  ends  of  these 
bars.  When  the  first  10-in.  carriage  was  designed,  the  guides 
for  the  recoil  cylinders  were  made  horizontal,  but  owing  to  the 
great  weight  of  the  gun  inclined  ways  were  afterward  put  on 
with  an  inclination  to  assist  in  checking  the  recoil.  But  the 
smooth  working  of  the  carriage  has  demonstrated  that  this  pro- 
vision was  unnecessary,  and  hereafter  they  will  be  made  hori- 
zontal, as  in  the  first  design,  and  as  was  used  on  the  8-in.  car- 
riage. The  gun  which  is  mounted  on  this  carriage  is  an  experi- 
mental gun  designed  by  Captain  Crozier,  of  the  wire-wound 
type.  Of  the  68  rounds  fired,  nearly  all  have  been  with  full 
charges,  giving  pressures  of  about  42,000  lbs.  per  square  inch  ; 
the  highest  pressure  thus  far  obtained  has  been  46,000  lbs. 
The  test  of  the  carriage  has  been  finished  and  the  work  accept- 
ed, but  that  of  the  gun  will  be  continued.  Owing  to  the  fact 
that  the  traversing  circle  is  not  well  set  and  is  of  a  temporary 
character,  no  satisfactory  results  have  been  obtained  for  the 
time  required  for  training.  In  a  future  issue  we  hope  to  pub- 
lish a  detailed  description  of  this  wire- wound  gun. 


EIGHT-WHEELED    PASSENGER   LOCOMOTIVES 
FOR  THE  BOSTON  &  ALBANY  RAILROAD. 


The  Schenectady  Locomolire  Works  have  recently  com- 
pleted two  eight-wheeled  locomotives  for  express  passenger 
service  on  the  Boston  &,  Albany  Railroad.  The  particular 
work  for  which  these  engines  are  designed  is  that  of  hauling 
the  Boston  &  Chicago  special  limited  train,  consisting  of  six 
vestibule  Wagner  cars,  over  the  mountains  between  Albany, 
X.  Y.,  and  Springfield,  Mass.  The  limitations  placed  on  the 
builders  were  that  the  weight  on  the  driving-wheels  should 
not  exceed  74,000  lbs.  The  time  is  quite  fast,  being  183  minutes 
for  a  run  of  103  miles,  making  one  stop.  It  must  be  taken  into 
consideration  also  that  the  grades  on  this  division  are  quite 
heavy,  there  being  a  continuous  grade  going  east  of  about  80 
ft.  to  the  mile  for  8  miles  ;  to  the  summit  it  is  still  heavier 
for  12  miles  going  west,  and  no  pushers  are  allowed  on  these 
grades.  In  addition  to  these  two  points  there  is  quite  a  stiff 
ascending  grade  over  the  balance  of  the  road  toward  the  sum- 
mit from  the  Hudson  River  running  east  and  from  the  Con- 
necticut running  west.  The  reference  to  the  table  of  dimen- 
sions, which  is  published  below,  will  show  that  the  heating 
surface  is  1844.7  sq.  ft.,  which  is  probably  as  great  an  amount 
as  has  ever  been  applied  on  the  engines  of  this  weight.  In 
order  to  reduce  the  weights  to  the  minimum  gun  iron  has  been 
very  extensively  used  in  place  of  cast  iron,  especially  in  the 
driving  boxes,  the  eccentrics  and  straps,  pistons,  etc.  The 
particular  metal  that  is  used  has  a  tensile  strength  of  30,000 
lbs.  per  square  inch.  With  reference  to  the  use  of  this 
met:d  the  following  data  will  be  of  interest  regarding  the 
weights  which  were  obtained,  showing  the  light  weight  of 
the  revolving  and  reciprocating  parts,  it  being  borne  in  mind 
that  the  cylinders  are  19  in.  in  diameter,  and  that  the  boiler 
pressure  is  180  lbs.  to  the  square  inch.  The  piston  of  gun 
iron  in  T  form,  with  the  rod  34  in.  in  diameter,  weighs  304 
lbs.  The  cross-head,  with  18  in.  wings  in  top  guides,  4  in. 
wide,  with  a  34  in.  X  4-in.  pin,  weighs  202  lbs.  The  main  rod 
of  I  section  weighs  422  lbs.  ;  side  rod  of  I  section,  246  lbs.  ; 
main  crank  pin,  steel,  hollow,  110  lbs.  :  back  crank,  steel,  104 
lbs.  Of  course  this  reduces  the  counterbalance  required  to  a 
minimum  ;  and  it  is  expected  that  the  hammer  blow  will  be 
materially  lessened  over  that  which  is  ordinarily  produced. 
The  use  of  a  hollow  crank-pin,  we  believe,  is  a  novelty  in  loco- 
motive practice,  although  it  has  been  in  use  for  many  years 
on  marine  engines.  It  will  also  be  interesting  to  note  the 
effect  of  the  increased  steam  pressure  and  the  economy  on 
these  single  expansion  engines,  as  it  has  about  touched  the 
limit  of  that  which  has  been  set  for  economical  practice  in 
compound  work. 

Following  are  the  general  dimensions  of  these  engines  : 

General  Dimension*. 

Fael Bituminous  coal. 

Gauge  of  road 4'    8H' 

Weight  of  engine  in  working  order 114.70U  lbs. 

"       on  drivers 74.000  " 

Whet!  base,  driving.  8'    6' 

rigid 8'    6' 

■•      total    »'  II" 

Ctlisdehs  and  Valves. 

Diameter  of  cylinders 19' 

Stroke  of  piston -4' 

Horizontal  thickness  of  piston "i  5*"  "  hob 

Kind  of  piston  packing Cast-iron  rings. 

"     "       "     rod  packing I".  S.  Metallic. 

Diameter  of  piston  rod 3H' 

o-        «   .  J  '8'  long  X  1)4" 

Size  of  steam  ports i     wide" 

,.             >.  1 18*  long  x  3V 

exhaust  ports ■>     wjde=         » 

"    "bridges Hi' wide. 

Greatest  travel  of  slide  valves.. ..     5J6" 

Outside  lap         "    *'  •■     

Inside     "  "    "  " :   ..0' line  and  line. 

Lead  of  valves,  in  full  stroke tV 

,. ,       ,  i  Richardson  bal- 

sUde  valves j     ance<, 

steam  packing  U.  S.  Metallic 

Wheels,  etc. 


Kind  of  : 


Diameter  of  driving  wheels  outside  of  tire 
Tire  held  by 


*  Shrinkage    and 

't   retaining  rings 

Diameter  and  length  of  driving  jonniais 8*  X  II" 

of  engine  truck  wheels 33* 

and  length  of  main  crank-pin  journal  5!4'  X 

side  rod       -  "        I 

Driving  box,  material Gnn  iron. 

......  Sni  IW    boltless. 

Engine  truck  wheels \     steei  lired. 

t  Hang       under- 
Driving  springs <     neath       the 

r     driving-boxee 
centers 42" 


o 
o 


a 
o 

K 


O 


a 
- 
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BOILKR . 

i  Extended  wag- 
Style "I     on  top. 

Outside  diameter  of  first  ring 60* 

Working  pressure mo  lbs.  per  sq.  in. 

Materiafof  barrel  and  onside  of  fire-box Carbon  steel. 

Thickuess  of  plates  in  barrel  and  outside  of  fire-box TV  and  Ji.  T  .  ». 

fButt       jointed. 
_    .  with  welt  strip 

Horizontal  seams ;    inside  and  out- 

1    side. 

Circumferential  seams Double  riveted. 

Fire-box,  length -•  ^e' 

"       width  40%' 

••    d^pS...: :::::: ............ : p?w.  b.  59*$- 

material  Shoenlierger. 

1  (.Town  H'.  tube 

thickness to     sides  and 

/     back.  ,y 

I  Front  4",   sides 

water  space    \     :%•,  back  3" 

crown  staying 1"  radial  stay-bolts 

stay-bolts Taylor  iron. 

„  ,       .           .  ,  i  Charcoal     iron, 

Tubes,  material 1     No.  13  \V.  G. 

"       number  of '-"'s 

'•       diameter B" 

•'       length  over  tube  sheets 11' 

Heating  surface,  tubes 1,708.3  sq.  ft. 

"  "         fire-box 141.4 

total 1,844.7      " 

Grate  " „26;S9    " 

\  Rocking,  work- 

■'yle J  ed  in  2  sections. 

,   ,  (  Sectional,  wiih 

Ash  pan,  style ]  dampers  F.  .v  B 

Exhanst  pipes Double. 

nozzles 8M,"  *  3X'  diam. 

„.      ...  \  Balanced  valve. 

Throttle "l    double  poppet. 

a      i      ...-I-    1  t>  )  14"  at  center. 

Smokestack,  1  D 1 16"  "  top. 

•'         top  above  rail 14'    lt._.   " 

Boiler  supplied  by  i  No.  10  Mack  injec:ors  placed  right  and  left." 

Tender. 

Weight  empty 37,300  lbs. 

Wheels,  number  of S 

"       diameter 86" 

Journals.    "       and  length i'A'  X  8* 

Wheel  base  of  tender II 

Tenderframe j  '  au,,u.\rin, 

ii      ..„„i-„  1  Side       bearing, 

trucks I     woodbolster. 

Water  capacity 4,000  galls. 

Coal         " Btona. 

Total  wheel  base  of  engine  and  lender 45'    11' 

11        length  of  engine  and  tender 55'     71-/ 

Engine  fitted  with  Westinghousc-AnvTican  combined  air  brake  on  front 
side  of  all  drivers,  on  tender  anil  for  train. 
Martin's  steam  car-heating apparatus. 


AMONG  THE  SHOPS. 


AT  CORNING.  N.  Y. 

It  is  a  rarity  in  these  days  of  rapid  railroad  development 
to  find  a  shop  that  is  fully  up  in  size  and  appointments  to  the 
needs  of  the  road  which  it  is  serving.  The  machine  shop  is  a 
necessity  from  the  very  start  ;  but  as  the  public  are  not  clamor- 
ous for  larger  buildings  and  more  lathes,  and  as  the  daily  press 
would  be  utterly  lost  in  an  attempt  at  reform  on  these  prem- 
ises, the  machine  shop  is  usually  called  upon  to  work  to  the 
utmost  of  its  capacity  in  order  to  maintain  repairs  and  keep 
the  rolling  stock  in  order.  The  shops  of  the  Fall  Brook  Coal 
Company,  at  Corning,  N.  Y.,  are  of  this  class,  and  the  amount 
of  work  "put  through  them  calls  for  the  economizing  of  time 
and  space  to  the  last  degree.  The  housing  capacity  of  the 
shop  consists  of  three  pits  holding  one  engine  each  and  three 
pits  capable  of  accommodating  three  engines  each.  With  this 
capacity  76  regular  road  engines  are  cared  for  in  addition  to 
five  mining  engines  and  a  number  of  engines  used  on  logging 
roads.  No  transfer  table  is  used,  as  the  tracks  lead  directly 
into  the  pits  from  the  yard. 

If  we  are  not  mistaken,  Mr.  William  A.  Foster,  the  Superin- 
tendent of  Motive  Power  of  the  road,  was  one  of  the  pioneers 
in  the  use  of  hydraulics  and  compressed  air  for  hoists  in  and 
about  his  shops.  Corning  lies  on  a  side  hill  forming  the  south 
ern  boundary  of  the  Chemung  Valley,  t  in  this  hill  the  rescr 
voir  of  the  city  water-works  is  situated  at  a  height  that  puts 
a  pressure  of  90  lbs.  per  square  inch  in  the  mains  at  the  low 
level  of  the  shop.  It  was,  therefore,  an  easy  and  simple  mat- 
ter to  connect  the  water  pipes  with  hoists  and  avoid  the  neces- 
sitv  of  using  muscle  for  the  heavy  work  about  tin'  shop  and 
va'rd.  The  first  application  was  made  to  a  hoist  used  for  load- 
ing and  unloading  car  wheels,  and  consisted  of  a  simple  cylin- 
der, like  those  illustrated  for  the  use  of  air  in  the  AMERICAS 


Engineer  for  January  of  the  current  year.  The  cylinder  is 
hung  from  a  trolley  traveling  over  a  rail  running  across  the 
track,  and  the  connection  is  made  by  a  rubber  hose.  This  ap- 
paratus lifts  the  wheel  from  the  car  and  lowers  it  to  the  plat- 
form, where  it  is  rolled  to  the  storage  place.  The  saving 
effected  in  the  handling  of  wheels  by  this  hoist  naturally  led 
to  the  construction  of  others,  until  now  the  whole  shop  is 
pretty  thoroughly  equipped. 

Among  the  interesting  application  of  hydraulics  is  the  wheel 
pit,  where  driving-wheels  are  removed  from  and  placed  under 
locomotives.  The  pit  is  somewhat  deeper  than  the  usual  re- 
pair pit,  and  near  its  center  a  hydraulic  jack  or  hoist  is  located, 
the  cylinder  being  buried  in  the  ground  and  the  ram  having  a 
length  sufficient  to  lift  a  pair  of  drivers  from  a  point  where 
they  are  below  and  clear  of  the  rails  up  to  their  proper  posi- 
tion under  the  locomotive.  The  pit  widens  out  abreast  of  the 
ram  for  a  space  of  about  6  ft.,  causing  a  break  in  the  line  of 
rails.  This  break  is  bridged  by  loose  rails  slipped  into  position 
and  held  by  wedges  after  the  wheels  are  up  and  upon  which 
they  are  run  out.  Outside  of  the  main  tracks  there  is  another 
line  of  rails,  upon  which  a  lorrie  car  of  broad  gauge  is  run 
that  is  used  for  carrying  the  tail  of  the  locomotive  when  the 
drivers  are  removed.  The  method  of  operating  in  putting  the 
drivers  under  a  locomotive — say  a  mogul  —is  to  back  the  en- 
gine into  the  shop  and  block  the  back  end  up  on  lorrie  just 
referred  to.  The  front  pair  of  driving-wheels  is  then  rolled 
upon  the  rails  spanning  the  break  in  the  track  and  lifted  clear 
by  the  hydraulic  jack.  The  movable  rails  are  then  taken  out 
and  the  wheels  lowered  into  the  pit.  The  engine  is  then 
backed  over  the  space  till  the  front  pedestals  are  in  the  proper 
place  and  the  wheels  raised,  with  the  axle  boxes  adjusted,  to 
position.  The  movable  rails  are  then  replaced,  the  engine 
pulled  out.  and  the  process  repeated  for  the  other  two  pairs  of 
wheels.  Op  to  this  time  the  lorrie  has  carried  all  the  weight 
of  the  tail  of  the  engine  ;  but  as  it  is  pulled  out  of  the  shop, 
the  work  having  been  completed,  the  lorrie  runs  down  an  in- 
cline on  its  special  track,  lowers  the  engine  upon  its  own 
wheels,  frees  its  blocking,  and  the  work  is  done.  The  time  re- 
quired to  put  three  pairs  of  driving-wheels  under  a  mogul 
locomotive  with  this  apparatus,  counting  from  the  rolling  of 
the  first  pair  of  drivers  upon  the  movable  rails,  is  20  minutes. 
Five  or  six  men,  with  a  locomotive  to  do  the  shifting,  perform 
the  work. 

Since  hydraulic  lifting  has  shown  itself  to  be  so  convenient, 
pneumatic  lifting  has  been  introduced  where  it  is  inconvenient 
to  dispose  of  the  waste  water  of  hydraulic  apparatus.  All  of 
the  hoists  used  in  and  about  the  shops  are  home-made,  but  the 
designs  are  necessarily  so  similar  to  what  might  be  called 
standard  types  that  we  do  not  reproduce  any  of  them  in  our 
engravings. 

In  the  car  shops  there  are  a  number  of  hydraulic  lifts  that 
are  used  for  jacking  up  cars,  and  which  are  operated  in  a  man- 
ner very  similar  to  the  hydraulic  tubs  in  use  in  the  shops  of 
the  Delaware  &  Hudson  Canal  Company,  as  illustrated  in  the 
American  Engineer  for  December,  1893.  The  usual  size  for 
these  lifts  is  10  in.  in  diameter  and  a  stroke  of  about  14  in. 
They  are  made  of  cast  iron,  and  have  two  handles  on  the  top 
head  for  convenience  in  carrying.  Just  outside  the  car  shed 
there  is  a  gallows  frame  straddling  two  tracks  and  carrying 
two  suspended  lifts  that  can  be  used  for  lifting  any  car,  pas- 
senger or  freight,  from  its  tracks.  One  of  the  pits  of  the 
round-house  is  "also  equipped  with  hydraulic  lifts.  There  are 
six  cylinders  arranged  in  pairs,  each  having  a  diameter  of  18 
in.  and  a  stroke  of  24  in.  They  are  disposed  two  at  each  end 
of  the  pit  and  twro  at  a  point  near  the  tail  of  the  locomotive. 
They  are  exceedingly  handy  for  those  round-house  repairs 
that  require  the  locomotive  or  tender  to  be  lifted  from  the 
tracks  or  the  springs  to  be  relieved  of  the  weights  which  they 
carry.  It  is  somewhat  of  a  novelty  to  find  hydraulic  lifts  in 
round-house  pits,  but  it  is  a  novelty  that  takes  the  form  of  a 
very  handy  wrinkle.  The  round-house  itself  has  24  stalls.  It 
is  built  in  two  sections,  with  entrances  between  the  two  parts. 
The  floor  is  neatly  paved  with  brick,  and  the  whole  building 
is  heated  by  steam  pipes  running  around  the  outer  wall  and 
fed  by  a  boiler  in  the  round-house. 

In  the  article  descriptive  of  the  shops  of  the  New  York, 
Lake  Erie  &  Western  Railroad,  published  in  our  last  issue, 
we  mentioned  the  adaptation  of  an  old  steam  pump  to  the 
purposes  of  small  tool  driving.  The  same  thing  has  been 
done  here  with  results  equally  satisfactory.  The  little  engine 
drives  drills  and  valve-facing  tools  directly  by  means  of  the 
Stow  flexible  shaft.  The  same  practise  also  prevails  here,  as 
on  the  other  road,  in  the  construction  of  pistons.  A  hollow 
pislon  with  rings  sprung  in  is  used,  but  the  rings  are  much 
narrower  than  on  the  New  York,  Lake  Erie  &  Western.  Mr. 
Foster  uses  a  ring  only  |  in.  wide,  and  finds  them  perfectly 
satisfactory.     There  is  "a  method  of  holding  the  split  rings  out 
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here,  however,  that — to  us  at  least— is  novel.  It  is  well  known 
that  if  a  ring  is  turned  to  a  larger  diameter  than  that  of  the 
cylinder  in  which  it  is  to  run,  when  it  is  sprung  in  it  will  be 
out  of  round.  To  obviate  this  difficulty  and,  at  the  same  time, 
keep  an  outward  pressure  on  the  ring,  it  is  turned  to  fit  the 
cylinder.  Another  and  slightly  heavier  ring  is  turned  to  a 
diameter  a  trifle  larger  than  the  inside  of  the  outer  ring,  and 
the  outer  ring  slipped  over  it.     Then,  wheu  they  are  both  com- 


BALANCED  VALVE,  FALL  BROOK  COAL  CO. 

pressed  and  put  in  the'cylinder,  the  outer  ring  is  round,  while 
the  inner  keeps  it  well  out  against  the  walls. 

The  car  shops  adjoin  the  machine  shop,  and  are  fitted  with 
the  usual  complement  of  woodworking  tools.  The  floor  room 
consists  of  three  tracks,  each  capable  of  holding  five  cars.  All 
Cars  coming  in  for  rebuilding  and  all  new  rolling  stock  are 
equipped  with  the  Gould  coupler  and  the  Westinghouse  air 
brake. 

The  nicknames  bestowed  up- 
on various  types  of  locomotives 
by  the  men  building  or  running 
them  have  come  to  have  a  truly 
technical  significance  ;  but  it  is  sel- 
dom that  a  nickname  is  accepted 
by  the  motive  power  department 
with  the  gravity  of  a  name  applied 
to  one  of  the  locomotives  on  this 
road.  All  the  engines  have  names 
as  well  as  numbers,  though  the 
former  are  a  mere  ornament  and 
not  used  in  reports  or  orders.  A 
certain  locomotive  had  the  misfor- 
tune to  jump  from  a  high  trestle  at 
Ithaca,  and  was  forthwith  dubbed 
the  Sam  Patrh  by  the  men.  Re- 
pairs naturally  followed  the  leap, 
and  when  the  machine  emerged 
from  the  shop,  behold,  it  had  been 
duly  and  officially  christened  the 
Sam  Patch,  and  the  name  is  on 
the  panel  of  the  cab. 

Of  course  in  a  shop  like  this 
there  are  tin;  wrinkles  that  grow- 
up  from  the  necessities  that  arise 
from  time  to  time.     Among  those 

to  be   found  at   Coming   we  illustrate   a    lew.     One  of   1 
is  a 

r.  \i.  INCED  VALVE. 

The  design  of  this  valve  presents  no  new  features,  as  the 
same  principle  has  lu-eii  applied  to  work  on  stationary  and 
marine  engines  ;  but  we  have  not  seen  it  arranged  for  use  on 
locomotives  before.  The  body  of  the  valve  where  the  yoke 
has  a  bearing  i>  somewhat  wider  than  usual,  and  the;  upper 
portion  is  rouud,  as  indicated  by  the  shading.  The  cap  rests 
over  this  cylindrical  portion,  and  a  steam  tight  connection  is 
made  by  the  packing  rings  shown  by  the  double  hatch  cross 
sectioning.  The  cap  has  a  bearing  against  the  inside  of  the 
m  chest  cover,  traveling,  of  course,  with  the  valve.  The 
usual  provision  for  ■   made  over  the  D,  and  is  indi- 

cated by  the  dotted  lines.  In  our  issue  for  July,  1893,  we 
illustrated  the-  balanced  valve  in  use  on  the  locomotives  of  the 
Delaware  A  Hudson  Canal  Company,  where  a  circular  pack- 
ing was  used  ;  but  in  that  instance  two  circles  were  used  in- 
1  1  of  one. 

HYDRAULIC   SCREW    PRESS. 

The  attempt  to  make  a  combination  of  a  screw  and  a  hy- 
draulic ram  is  old,  but  many  of  the  earlier  designs  for  the 


increase  of  power  by  this  union  were  ineffectual  and  un- 
satisfactory owing  to  leakages  past  the  screw.  The  Corning 
shops  have,  however,  several  tools  in  which  this  principle  has 
been  successfully  applied  ;  one  of  them  being  illustrated  in 
tin-  press  showu  iu  our  engraving.  The  particular  work  for 
which  this  tool  was  designed  is  the  pressing  out  of  jaw  bolts, 


ti 


COMBINED  SCREW  AND  HYDRAULIC  JACK. 

straightening  frames  and  other  work  of  a  similar  character. 
The  construction  is  very  clearly  shown  by  the  engraving. 
The  screw  is  prolonged  beyond  the  thread  to  form  a  ram  hav- 
ing a  diameter  of  1J  in.,  which  is  forced  down  into  a  chamber 
at  the  base  that  is  filled  with  grease  which  is  in  turn  crowded 
against  the  larger  ram  of  3J  in.  in  diameter,  forcing  it  out 
against  the  work.  It  will  be  noticed  that  there_is  a  packing 
it  the  small  ram  to  prevent  the  grease  from  flowing  back 


CRANE  CAR  WITH  AIR  HOIST.  ON  THE  FALL  BROOK  COAL  CO.'S  RAILROAD. 


into  the  threads.  It  is  absolutely  necessary  that  this  should  be 
used,  and  also  that  the  grease  should  not  be  too  thick,  for  if 
it  is  air  will  collect  in  the  interstices  and  so  cushion  the  mo- 
tion of  the  small  ram  that  the  work  will  be  unsatisfactory. 
In  another  column  we  publish  an  engraving  of  a  hand  punch 
led  on  the  same  principle. 

CAR  WITH   ABB-HOIST  CRANE. 

Air  has  come  to  be  recognized  as  such  an  important  factor 
iu  the  economical  handling  of  material  that  new  applications 
are  constantly  springing  up.  One  of  the  most  interesting  that 
has  lately  been  brought  to  our  attention  is  a  derrick  car  de- 
1  by  Mr.  Foster,  and  used  about  the  Corning  yards  for 
handling  and  transferring  all  sorts  of  material.  Our  engrav- 
ing is  not  mechanically  correct,  as  it  is  drawn  from  a  pencil 
ii.  but  it  does  give  a  fair  idea  of  the  general  appearance 
of  the  car.  A  four-wheeled  Hat  car  of  about  25  ft.  in  length 
carries  at  one  end  a  jib  crane,  on  the  summit  of  whose  post  an 
air  cylinder  about  8  in.  in  diameter  and  a  piston  stroke  of 
about  0  ft.  is  mounted.  The  outer  end  of  the  piston-rod  is  at- 
tached directly  to  a  sheave,  the  weight  of  which  is  carried  by  a 
stirrup  and  pulley,  the  latter  running  on  an  overhead  rail,  as 
show  o,     A  wire  rope  with  one  end  made  fast  at  the  outer  end 
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of  the  boom  is  rove  through  this  sheave,  and,  passing  over  an 
idler,  is  made  fast  to  a  hoisting  hook.  The  post  is  more  thor- 
oughly braced  than  the  drawing  would  indicate,  as  the  main 
brace  leading  from  the  left-hand  end  of  the  car  to  the  cap  be- 
neath the  cylinder  is  omitted  entirely.  Air  is  supplied  to  this 
car  from  the  train  pipe  of  the  engine  that  is  used  for  moving 
it  about.  Xo  difficulty  is  ever  experienced  in  this  particular, 
for  there  is  always  an  idle  engine  in  the  round-house  that  can 
be  utilized,  and  the  attendance  of  an  engineer  and  fireman  are 
not  required,  as  the  work  is  usually  done  at  some  one  point, 
so  that  it  is  merely  necessary  to  keep  a  fire  burning  sufficiently 
active  to  maintain  steam  pressure  for  the  air  pumps,  while  (be 
round-house  hostler  can  move  the  engine  from  point  to  point 
as  the  work  to  be  done  demands.  The  car  is  especially  useful 
for  unloading  lumber,  for  loading  and  unloading  car  wheels 
at  points  removed  from  the  regular  hoists,  and,  like  other  handy 
appliances,  new  ways  are  continually  springing  up  in  which 
the  car  is  put  into  service.  With  a  locomotive  to  provide  the 
air,  one  man  can  work  this  crane  for  a  day  without  fatigue, 


character,  railroad  managers  are  of  the  opinion  that  green  tim- 
ber is  cheaper  to  smash  than  air  dried  lumber,  that  has  been 
increasing  in  value  through  an  accumulation  of  interest  for 
several  years. 

There  is  one  industry  connected  with  the  old  car  timbers  of 
the  Lehigh  Valley  that  we  have  not  met  on  other  roads.  All 
of  the  charcoal  used  on  the  system  is  burned  at  Packerton 
from  old  material  that  has  been  taken  from  wrecked  or  worn- 
out  cars.  By  this  it  is  not  meant  that  aU  of  the  old  material  is 
so  burned,  but  merely  enough  to  supply  the  demands  of  the  ser- 
vice, which  ranges  from  2,500  to  3,000  bushel3  annually.  The 
kiln  is  located  in  the  yard,  just  below  the  shop,  and,  except 
when  in  use.  consists  of  a  vacant  space,  as  the  old-fashioned 
earth-covered  type  of  built-up  kiln  is  used,  and  this  vanishes 
when  broken  into  for  removing  the  coal. 

At  the  upper  end  of  the  yard  there  is  an  isolated  building 
containing  a  tank  of  about  75  barrels'  capacity,  from  which 
pipes  are  led  to  three  hydrants  near  a  repair  track  running 
parallel  to  the  main  line  and  beyond  the  buildings.     This  tank 
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while  the  pull  on^the  cranks  of  an  ordinary  derrickwill  soon 
tire  two  able-bodied  laborers. 

AT  PACKERTOX,  PA. 

The  main  car  shops  of  the  Lehigh  Valley  Railroad,  in  charge 
of  Mr.  John  S.  Lentz,  are  located  at  Packerton,  Pa.,  on  the 
banks  of  the  Lehigh  River.  The  illustration  which  we  give 
shows  the  shops  as  they  appear  from  a  hill  opposite  the  round- 
house that  is  not  seen  in  the  engraving.  It  will  be  noted  that 
the  yard  and  shops  occupy  the  whole  of  the  bottom  land  ex- 
tending from  the  foot  of  the  steep  hill  to  the  river  side,  and 
that  the  stream  flows  close  in  to  the  opposite  or  northern  hill. 
The  buildings  are  all  of  brick  or  stone,  substantially  built,  and 
remarkably  well  arranged  for  economical  working. 

East  of  the  shops,  and  extending  for  a  long  distance  beyond 
what  is  the  extreme  right  of  the  engraving,  is  a  lumber  yard, 
in  which  several  million  feet  of  lumber  are  stored.  Formerly 
it  was  the  policy  of  the  company  to  keep  about  8,000,000  ft. 
in  stock  ;  but  now  there  is  considerably  less— probably  not 
more  than  3,500.000  ft  The  question  has  arisen  as  to  whether 
it  is  profitable  to  lock  up  as  much  money  as  is  required  to 
carry  even  so  large  a  stock  as  that  now  on  hand.  If  every 
stick  that  went  into  a  car  was  sure  of  remaining  there  until  it 
had  rotted  away,  there  is  no  doubt  but  that  it  would  prove 
economical  to  use  nothing  but  the  best  of  air-dried  lumber  : 
but  when  it  is  taken  into  consideration  that  a  very  small  per- 
centage of  car  lumber  is  thus  worn  out,  and  that  almost  all  of 
it  is  eventually  broken  up  by  accidents  of  a  more  or  less  serious 


is  for  kerosene  that  is  carried  by  the  piping  to  the  hydrants, 
from  which  it  is  drawn  into  the  tanks  of  the  Eastman  heater 
cars,  each  having  a  capacity  of  about  one  barrel.  As  the  cars 
of  the  road  are  built  to  certain  adopted  standards,  it  is  possi- 
ble to  keep  a  large  stock  of  duplicate  parts  on  hand  for  re- 
pairs, thus  very  materially  lessening  the  cost  of  those  repairs. 
In  fact,  it  has  been  found  that,  taking  an  end  sill  for  an  exam- 
ple, it  costs  as  much  to  do  the  work  on  one  for  a  foreign  car 
that  is  of  an  odd  size  as  it  does  on  a  dozen  or  fifteen  of  the 
home  cars  when  the  latter  are  made  up  in  quantities.  The  ma- 
chinery, too,  in  the  main  shop  has  been  arranged  with  special 
reference  to  the  rapid  and  economical  execution  of  work  that 
is  in  duplicate  and  in  quantities.  The  facilities  are  such  that 
when  a  stick  of  timber  starts  it  i<  kept  moving  until  all  the 
labor  that  is  to  be  put  upon  it  is  done.  Xear  the  eastern  en- 
trance, on  the  side  toward  the  lumber  yard,  there  is  a  large 
cutting-off  saw,  where  all  the  stuff  that  is  brought  in  is  cut  to 
the  proper  length.  From  this  saw  it  i*  carried  by  a  gang  of 
laborers  to  a  surfacing  planer  that  dresses  the  four  sii! 
once.  Here  it  is  loaded  upon  lorrie  cars  and  sent  ahead  a  few 
feet  to  the  man  who  does  the  laying  out.  The  tenoning  and 
boring  machines  for  the  long  sills  are  so  arranged  that  two 
men  can  take  a  stick  through  them,  or,  when  the  work  is  push- 
ing, the  men  operating  one  machine  pass  their  products  on  to 
the  next,  and  thus  it  is  kept  moving  until  it  is  finished.  The 
same  arrangement  obtains  for  the  shorter  tirnlxTs  ;  and  as  this 
work  is  all  done  by  the  piece,  there  is  no  lost  time  and  the  ma- 
cbinesare  not  allowed  to  lie  idle  by  the  men. 
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In  speaking  of  the  utilization  of  a  portion  of  the  old  car 
material  for  charcoal,  it  should  have  been  mentioned  in  the 
connection  that  a  considerable  portion  of  it  is  also  util- 
ized for  ties  for  sidings  and  for  fence  posts. 

Just  east  of  the  main  shop  there  is  an  extension  connected 
with  it  by  three  transfer  cars  that  are  under  shelter.  These 
are  operated  by  hand  power  by  means  of  a  ratchet  attached  to 
a  long  lever  and  working  on  one  of  the  axles.  This  extension 
is  mainly  used  for  repairs,  and  is  provided  with  scaffolding 
between  the  tracks  with  a  narrow-gauge  track  beneath  for  the 
transportation  of  material.  The  main  track,  running  down 
through  the  shop,  connects  by  way  of  the  transfer  tables 
with  the  tracks  in  the  extension,  which  in  turn  have  di- 
rect connections  with  the  yard  tracks.  The  main  shop  track 
is  broken  by  a  number  of  turntables,  by  which  it  is  con- 
nected to  cross  lines  where  the  short,  four-wheeled  coal  cars 
are  repaired.  These  latter  are,  however,  slowlv  disappear- 
ing from  among  the  rest  of  the  rolling  stock.  A  limit  of 
$12  has  been  placed  on  the  repairs  that  can  be  put  upon 
them  ;  and  when  one  comes  in  that  will  require  more  than 
this  it  is  broken  up. 


LONG'S   IMPROVED  PUNCHING  PRESS. 


The  operation  is  very  simple.  As  the  head  comes  down,  the 
stripping  plate  drops  into  the  die  and  the  lever  is  cut  and 
punched  to  shape  and  finish  ;  then,  as  the  head  rises,  the  strip- 
ping plale  lifts  the  lever  off  the  punches  E  E  E  and  clears  it 
of  the  machine. 

Power  is  carried  from  one  end  of  the  machine  shop  down  to 
the  lower  eDd  of  the  blacksmith  shop  by  a  wire  rope,  the  dis- 
tance being  about  375  ft.,  with  two  sets  of  carrier  pulleys  in- 
tervening. This  transmission  works  with  remarkable  smooth- 
ness and  with  no  whipping  of  the  rope,  showing  what  can 
readily  be  accomplished  in  this  direction  if  suitable  care  is 
taken  to  have  the  wheels  true  on  the  outside  and  running  true 
in  their  bearings.  Old  bolts  receive  very  little  attention  in  the 
ordinary  shop,  and  the  path  from  the  boneyard  to  the  scrap 
pile  is  usually  very  direct  ;  but  here  it  has  been  found  to  be 
economical  to  sort  and  straighten  old  bolts,  recutting  the 
threads  where  required  ;  and  for  this  purpose  a  gang  of  labor- 
ers are  kept  busy  in  spare  moments  doing  this  work  in  a  shed 
alongside  the  blacksmith  shop. 

A  new  type  of  mile  and  signal  post  is  now  being  made  from 
old  boiler  tubes.     The  tubes  are  split  at  one  end  and  a  round 

disk  set  in  the  slot,  rivetted 
fast  and  painted  white.  For 
-ringing  and  whistling  posts 
the  disk  is  square,  set  in  with 
one  corner  down.  These 
will  be  more  durable  than 
wooden  posts,  besides  being 
cheaper  in  first  cost,  as  they 
are  made  entirely  of  waste 
material  that  is  worth  only 
the  price  of  scrap. 

As  the  iron-working  ma- 
chinery of  a  car  shop  is  of 
the  simplest  description,  we 
do  not  expect  the  elaborate 
tools  found  in  the  locomotive 
works,  but  among  the  tools 
at  Packerton  there  is  a  num- 
ber of  bolt  cutters  that  were 
made  on  the  premises  which 
are  holding  their  own  with 
those  of  outside  manufac- 
turers. There  are  l<f  of  these 
tools  in  all,  in  addition  to 
two  gang  nut-tapping  ma- 
chines. 

Steam  is  generated  for 
these  shops  by  three  return 
tubular  boilers,  two  of  «  hich 
are  fired  with  coal  and  one 
by  shavings  blown  in  from 
the  shop  to  a  fuel  room  and 
carried  thence  to  the  furnace 
by  a  steam  jet.  A  double 
engine  of  about  150  H.P. 
drives  all  the  tools  and  shaft- 
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Running,  as  the  road  does,  through  the  peach  district  of 
New  Jersey,  it  is  called  upon  to  transport  large  quantities  of 
this  fruit  during  the  season.  This  traffic  is  accommodated  by 
transforming  a  number  of  box  cars  into  fruit  cars  by  the  re- 
moval of  the  ordinary  door  and  the  substitution  of  a  ventilated 
door  therefor,  and  by  placing  portable  shelves  on  iron  racks 
in  the  interior.  In  the  fall,  when  the  season  is  ended,  these 
doors  and  racks  are  removed  and  the  cars  are  re-equipped  with 
the  ordinary  closed  doors. 

North  of  and  parallel  with  the  wood-working  shop  is  the 
blacksmith  and  machine  shop.  Entering  the  former,  at  the 
eastern  end.  there  is  nothing  of  the  usual  disagreeable  sensa- 
tions experienced  that  are  due  to  the  sulphurous  gases  arising 
from  the  use  of  soft  coal,  as  anthracite  is  used  in  nearly  every 
furnace.  At  this  lower  end  of  the  shop  there  is  a  closed  fur- 
nace for  heating  metal,  and  near  it  a  heavy  punch,  with  which 
the  brake  levers  and  other  similar  parts  are  punched  ready  for 
application  to  the  cars.  The  special  features  of  this  punch  by 
which  the  work  is  done  was  designed  by  .Mr.  James  Long,  the 
foreman  of  the  machine  shop.  It  is  shown  very  clearly  in  our 
illustration.  To  the  top  of  the  puncb  head  the  cross  bar  A  is 
bolted,  and  from  this  two  rods  drop  down  on  either  side  to  a 
lower  cross  bar,  II,  to  which  the  pins  G  0  0  0  arc  fastened. 
These  pins  run  up  through  the  frame  and  carry  the  stripping- 
plate  I)  that  rises  and  falls  with  the  punch  head.  The  dies  are 
fitted  to  cut  the  hot  bar  to  the  exact  shape  of  the  lever,  and  in 
the  bottom  the  punches  EE E are  fastened  that  punch  the 
holes  for  the  connections.  The  punch  is,  of  course,  fitted  with 
suitable  matrices  to  receive  the  small  punches  and  buttons. 


Just  outside  the  engine-room  there  is  a  space  that  is  covered 
with  a  flooring  as  hard  and  smooth  as  a  piece  of  glass.  Few 
would  guess  that  it  was  formed  by  the  rusting  down  of  the 
dust  from  the  wheel-grinding  machine,  a  mixture  of  emery 
and  cast  iron  ;  but  it  is.  and  it  is  as  far  ahead  of  any  other 
iron  rust  floor  as  can  possibly  be  imagined.  It  will  nat- 
urally be  inferred  from  the  fact  that  there  is  a  sufficient 
quantity  of  this  dust  to  make  a  floor,  that  the  practise  of 
grinding  wheels  prevails,  and  such  is  the  case.  New  wheels 
are  not  touched,  but  old  wheels  with  flat  spots  that  are  other- 
wise serviceable  are  ground,  and  are  giving  fully  as  much 
mileage  as  a  new  wheel,  the  flange  being  left  untouched. 

One  of  the  most  interesting  things  about  Packerton  is  the 
scale  used  for  weighing  coal.  All  of  the  coal  that  passes  over 
the  road,  with  the  exception  of  that  handled  by  Coxe  Brothers, 
is  weighed  at  this  point.  The  scale  platform  is  123  ft.  long, 
with  the  scale  house  so  arranged  that  the  operators,  three  in 
number,  have  a  clear  view  up  the  track.  Cars  loaded  with 
coal  are  sent  down  the  track  either  singly  or  coupled  in  twos 
and  threes.  While  they  are  passing  over  the  scales  one  man 
balances  them  and  calls  off  the  gross  weight  ;  a  second  reads, 
notes  and  calls  off  the  tare,  while  the  third  takes  the  figures 
given  and  reports  the  net  weight.  Sometimes  the  work  is 
light,  but  frequently  the  shipments  are  very  heavy,  calling 
for  a  corresponding  speed  of  weighing.  One  day  in  Septem- 
ber, for  example,  more  than  35,000  tons  were  weighed  on  these 
scales,  and  this  has  to  be  done  while  ears  running  from  12  to 
15  miles  an  hour  are  passing  over  a  distance  of  from  GO  ft.  to 
65  ft. 
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CENTRIFUGAL  PUMPS.* 


By  John  Richards. 


( Continued  from  page  465.) 


To  give  some  idea  of  the  extent  of  centrifugal  pumping  in 
Europe,  there  is  given  below  a  list  of  some  of  the  largest 
plants  made,  by  two  firms  only,  previous  to  1892. 


Where  Erected. 


Name  and  Address  of  Makers 


Amsterdam  Canal 

Witham,  England 

Hauvill,  Denmark 

Grootslag,  Polder,  Holland 

Bljlmer  Meer,  Holland 

Amsterdam,  Temporary 

Whittlesea,  England 

Portsmouth,  England  

Glasgow,  Scotland 

Cronstadt,  Russia 

Sajfoji,  Hungary 

Loosdrecht,  Holland  

Legmeer  Plassem,  Holland. 
Ferrara,  Italy 


Easton  &  Anderson,  London 

Eng 

Easton  &  Andersen,  London, 

Eng 

J.    <fc   H.    Gwynne.  London 

Eng . 

J.    &    H.    Gwynne,    London 

Eng 

J.    &•  H.    Gwynne,   London 

Eng 

J.    &    H.    Gwynne,  London 

Bug 

Easton  &  Anderson,  London 

Eng 

Easton  &  Anderson,  London. 

Eng 

Easton  &  Anderson,  London. 

Eng 

Easton  &  Anderson,  London, 

Eng 

J.    &    H.   Gwynne,  London, 

Eng 

J.    &    H.   Gwynne,  London, 

Eng 

J.    &    H.    Gwynne,  London. 

Eng 

J.   &    H.    Gwynne,  London, 

Eng 


Tons  of  British 

Water    Gallons 

Raised  .  Raised 

per     J     per 

Minute.  Minute. 


700 
400 
230 
340 
150 
130 
88 
130 
175 
300 
100 
140 
150 
2,100 


188,300 
107,600 
61,870 
64,560 
40,350 
32,280 
23,072 
34,970 
47,075 
S0.700 
26,900 
37,660 
40,350 
564,900 


The  list  includes  only  the  larger  plants,  perhaps  not  one- 
half  the  whole  number.  Gwynne  &  Co.,  whose  pumps  are 
not  mentioned  iu  the  list,  have  supplied  previous  to  1879  more 
than  30  plants  for  docks. 

For  a  few  years  past  there  have  been  fewer  large  pumps 
erected  than  during  a  corresponding  number  of  years  pre- 
vious, but  the  manufacture  and  application  of  the  smaller 
sizes  of  pumps  has  been  all  the  time  increasing. 

One  extensive  use  recently  developed  has  been  for  circu- 
lating water  in  surface  condensers.  There  is  scarcely  a  large 
steam-vessel  without  such  pumps. 

Some  recent  examples  of  large  pumps  in  England  that  may 
be  mentioned  are  the  Sandon  Docks  at  Liverpool.  The 
pumps,  and  all  the  machinery  connected  with  them,  except 
boilers,  were  constructed  by  Messrs.  J.  &  H.  Gwynne,  of 
Hammersmith,  London.  There  are  four  pumps,  each  with 
discharge  pipes  of  36  in.  diameter.  The  wheels  or  fans  are 
60  in.  diameter,  and  run  at  160  revolutions  per  minute.  The 
quantity  discharged  in  an  experiment  made  in  March  last  was 
23,4-15  cub.  ft.,  or  164,115  galls,  per  minute.  The  engines, 
four  in  number,  have  cylinders  30  in.  diameter  and  24  in. 
stroke.  The  pump  wheels  are  keyed  directly  on  the  engine 
shafts.  This  plant,  all  things  considered,  is  perhaps  the  most 
perfect  of  any  one  of  its  class  that  can  be  referred  to  at  this 
time. 

At  Wall's  End  Docks,  Newcastle,  England,  is  a  plant  con- 
structed during  1885  by  Messrs.  Tangye  Bros.,  Limited,  Bir- 
mingham. There  are  two  pumps,  with  pipes  36  in.  diameter, 
and  rated  for  50,000  galls,  per  minute.  There  has  been  no 
published  test,  however,  and  the  amount  of  duty  will,  no 
doubt,  much  exceed  what  is  named  above.  The  pumps  have 
single  inlets,  and  are  driven  by  directly  geared  vertical  en- 
gines 20  in.  diameter  and  18  in.  stroke.  The  disks  or  runners 
are  66  in.  diameter,  and  are  balanced  one  against  the  other  by 
a  continuous  shaft  passing  through  both  pumps. 

Another  plant  at  Alexandria  Docks,  Hull,  England,  con- 
sists of  four  pumps  to  raise  80,000  galls,  per  minute,  driven 
by  two  engines  of  400  II. P.,  the  cylinders  being  30  in.  diam- 
eter and  24  in.  stroke. 

The  pumps  are  of  the  J.  S.  Gwynne  type,  the  casing  parted 
on  the  line  of  the  pump  spindle  ;  strong,  massive  and  with 
some  change  as  to  form  from  the  practise  of  the  firm  some 
years  ago. 

One  feature  that  commends  itself  is  tapering  the  suction 
pipes.     The  lift  is  24  ft.  at  the  extreme.     The  up-flow  be- 
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comes  tardy  at  this  height,  and  requires  area  to  compensate 
for  loss  of  movement.  The  plaDt  has  been  much  increased 
since  1886. 

The  centrifugal  water-raising  machinery  constructed  in  Eng- 
land during  20  years  past  may  be  estimated  at  equal  to  raising 
20,000  tons  a  minute.  The  lift  in  graving  docks  is  from 
25  to  30  ft.  At  Cronstadt  it  is  39  ft.,  and  at  Malta  394  ft. 
The  average,  including  draining  plants,  is  perhaps  15  ft.,  and 
allowing  1  II  P.  for  each  ton  per  foot  per  minute  it  will  aggre- 
gate 300,000  H.P.,  and  of  value  at  least  $30,000,000. 

Since  the  foregoing  was  written,  in  1886,  there  has  been 
noted  progress  in  larger  centrifugal  pumps  in  this  country. 
A  number  of  dock  plants  to  raise  from  30,000  to  40,000  galls. 
per  minute  have  been  made  in  the  East  by  the  Southwark 
Foundry,  at  Philadelphia,  and  a  number  of  pumps  of  equal 
size  have  been  made  and  erected  in  California  for  draining 
fmrposes. 

In  future  we  may  expect  works  as  extensive  as  have  been 
erected  in  Europe,  perhaps  larger,  because  the  areas  to  be 
drained,  or  that  may  be  drained,  when  land  is  dear  enough  to 
permit  it,  far  exceed  the  requirements  in  Europe.  The  largest 
pumps  will,  no  doubt,  be  those  for  circulating  water  in  some 
of  the  cities  around  the  North  American  Lakes.  Some  proposed 
for  Cleveland,  O.,  some  years  ago,  required  pipes  of  60  in.  bore. 
At  New  Orleans  there  is  need  of  a  number  of  such  pumps  for 
Bushing  and  carrying  off  the  sewage  to  Lake  Pontchartrain. 
This  work  is  now  performed  by  lift  wheels,  at  a  fair  economy 
in  power,  but  with  great  waste  for  maintenance  and  attend- 
ance. 

CENTRIFUGAL   PUMrS  AND   HIGn    HEADS. 

At  this  time  the  problem  of  most  interest  in  centrifugal 
pumping  is  in  respect  to  high  heads,  especially  on  the  Pacific 
Coast,  where  there  is  no  choice  between  centrifugal  and  piston 
pumps  in  raising  water  from  bored  wells.  The  sand  and 
gravel  that  come  up  with  the  water  continually,  pievents  the 
use  of  piston  pumps  of  any  kind,  and  centrifugal  pumps  must 
be  employed. 

The  heads  operated  against,  down  to  three  years  ago,  did 
not  exceed  100  ft.,  but  since  that  time  they  have  increased,  as 
will  be  seen  from  examples  in  the  appendix,  to  160  ft.  with- 
out developing  any  circumstance  that  points  to  a  limitation, 
and  the  makers  of  such  pumps  have  no  fear  of  working  with 
fair  economy  against  heads  of  200  ft.  or  more. 

There  is  no  subject  which  at  this  time  more  strongly  ap- 
peals to  what  may  be  called  public  facilities  for  confirmation 
by  practical  tests.  No  maker  of  centrifugal  pumps  is  likely 
to,  or  can  afford  to,  conduct  such  experiments,  except  for  his 
own  information  and  advantage.  Computations,  as  we  have 
been  obliged  to  assume,  do  not  fit  the  facts  of  operating,  espe- 
cially in  respect  to  high  heads,  and  there  is,  besides,  the  prob- 
lem of  transforming  the  discharge  velocity  from  the  impellers 
so  as  to  utilize  in  the  fullest  manner  the  energy  of  revolution, 
it  may  be  called. 

The  latter  is  but  briefly  treated  here,  because  the  behavior 
of  the  water  cannot  be  observed  or  predicated  with  certainty, 
and  nothing  but  experiments  will  determine  the  best  form  for 
chambers  and  water  ducts  beyond  the  impellers. 

APPENDIX. 

The  following  appendix,  consisting  of  communications  from 
engineers  and  makers  of  centrifugal  pumping  machinery  on 
the  Pacific  Coast,  it  is  believed  will  be  a  valuable  addition  to 
the  matter  that  has  preceded. 


Professor  Hesse  was  concerned  in  some  experiments  carried 
out  in  San  Francisco  in  1865  to  determine  whether  the  process 
called  "  disintegration"  could  be  successfully  applied  to  the 
reduction  of  gold  and  silver  ores. 

Disintegrating  machines  are  driven  at  a  velocity  of  about 
1,800  revolutions  per  minute,  and  to  insure  a  uniform  effect 
in  the  crushing  cylinder,  the  shaft  was  set  vertical.  As  a  test 
for  resistance  to  rupture,  the  whole  was  set  in  a  pit,  with  the 
plane  of  revolution  below  the  surface  of  the  ground,  and  in 
this  condition  rotated  at  a  speed  of  3,000  revolutions  per  min- 
ute. The  weight  carried  on  the  step  was  about  800  lbs.  The 
step  soon  "  froze,"  as  it  is  called,  welded  itself  solid  iu  the 
matrix,  so  that  some  new  method  was  required.  It  was  at 
that  time,  1865.  that  Professor  Hesse  prepared  plans  for  a 
hydraulic  step  by  which  the  weight  on  these  spindles  was  to 
be  supported  by  pressure  due  to  centrifugal  force  acting  on 
one  side  of  a  plate  or  disk. 

In  1887  he  introduced  the  subject  before  the  engineering 
classes  in  the  University  of  California,  ami  instituted  a  num- 
ber of  experiments  to  determine  pressures,  resistance  and  fric- 
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tion  of  disks  with  and  without  vanes  revolving  in  water  at 
high  velocity. 

These  experiments  form  the  subject  of  Bulletin  No.  2,  re- 
ferred to  in  his  communication  below.  Copies  of  it  can  he 
had  at  this  time  by  applying  to  Professor  P.  G.  Hesse,  at  the 
University  of  California,  Berkeley. 

COMMUNICATION    PROM    PKOFE6SOB    F.    G.    ill  58B,     1  \  I VKHMTY 
OF  CALIFORNIA,  BERKELEY. 

"  The  work  lost,  or  the  mechanical  equivalent  of  the  heat 
developed  by  the  rotation  <>1  a  body  in  water  bounded  exter- 
nally by  fixed  rigid  walls,  is  a  function  of  the  geometrical  fig- 
ures of  the  rolating  and  stationary  bodies,  and  of  the  velocity 
of  rotalion.  In  our  problem,  a  disk,  plain  or  armed  with 
ribs,  rotates  about  its  geometrical  axis  within  a  body  of  water, 
hounded  by  a  surface  of  revolution  of  the  same  axis. 

"  Let  us  consider  a  plain  rotating  disk,  etc.  Friction  be- 
tween the  face  of  the  disk  and  the  water  (outer  friction)  in- 
duces rotation  of  the  adjoining  layer,  which  in  turn  is  trans- 
mitted by  the  actual  action  of  the  molecules  (inner  friction)  at 
a  decreasing  rate,  until  the  rotary  velocity  of  the  film  in  im- 
mediate contact  with  the  bottom  of  the  vessel  is  zero. 

"  The  rotary  velocities  in- 
duce again  radial  currents 
from  the  axis  in  the  neighbor- 
hood of  the  rotating  disk,  and 
toward  the  same  near  the  bot- 
tom of  the  vessel,  and,  in  con- 
formity with  the  law  of  con- 
tinuity, component  velocities 
normal  to  the  rotating  disk 
complete  the  circulation.  For 
the  sake  of  brevity  I  have 
omitted  the  influence  of  the 
outer  boundary.  The  moment 
of  resistance  of  the  rotary  disk 
must  be  equal  to  that  of  the 
vessel,  a  fact  upon  which  the 
tests,  as  described  in  Bulletin 
No.  2,  were  based. 

"  Practically  the  outer  friction  is  by  far  the  most  important 
factor  in  the  heat  development,  and  we  are  justified  in  con- 
structing the  formula  upon  the  following  experimental  facts, 
using  the  annexed  notation  : 

A  represents  the  water  area. 

v,  velocity  of  rotation. 

A,  a  constant. 

/,'.  the  resistance. 

y,   the  density  of  the  fluid  (water). 

10,  angular  velocity  of  flic  disk. 

n,  number  of  revolutions  per  minute. 

R  =  CyA  d' 


Fig.  17. 


"  Applying  the  above  to  the  rotation  of  a  plain 
-  have  differential  of  /■'.  thai  is,  d  /,'=>,  2  -  x  t 


disk  (fig.  17 1 
we  nave  ainerenuai  01  u,  inai  1-,  a  1,  =  ■  .  x  *,  and 

differential  of  moment  of  resistance,  that  is,  d  M  =  >  ,  2  -  up 
x4  *i.r,  hence 

>  -/  2  "  U 
M  : 


/   J'  2   -   ir 

and  /.  (work)  =  or 


I  = 


=  —  </'  »«, 
10 


or  for  compound  action   /.  = — d*  v?  m  (the  same  result  as 

HI 
given  in  Bulletin).    The  constant  >  is  a  (unction  of  n  and  d. 
(See  Bulletin,  page  21  1 

"  I  call  attention  to  the  fact  that  the  value  of  /.  hence  the 
work  in  the  case  of  the  rotating  disk  being  armed  with  ribs, 
irly  2.8  that  of  the  plain  disk.  This  is  due  to  the  rota- 
tion of  a  large  body  of  water  it  a  velocity  equal  to  that  of  tie- 
disk,  and  also  to  the  resisting  action  of  the  outer  or  circum- 
ferential surface  of  the  Vessel." 

Fig.  18  shows  part  of  the  apparatus  employed  by  Professor 
Hesse  in  his  experiments  for  thrust.  The  vanes  .1  are  atti 
to  the  revolving  disk,  and  the  vanes  /;  B  are  fixed  to  prevent 
rotation  of  the  water  beneath  the  disk.  The  spindle  D  is  free 
from  all  frictional  resistance  vertically,  and  presses  on  tin- 
abutment  C  connected  with  suitable  weighing  apparatus  to 
determine  the  vertical  thrust. 

The  apparatus  employed  by  Professor  Elessewasof  a  very 
complete  character,  accurately  and  carefully  made,  and  the 


observations  were  recorded  by  equally  exact  means,  in  some 
by  electrical  devices,  as  explained  in  the  text  and  draw- 
ings of  the  Bulletin  No.  2  before  referred  to. 

1   U-ACITY   OK   CENTRIFUGAL   PUMPS. 

An  extract  from  a  paper  read  before  the  Technical  Society 
of  the  Pacific  Coast,  June  2,  1893,  entitled  "  Some  Problems 
in  Pumping  Fluids,"  by  J.  Richards. 

"  This  comparison  has  been  made  to  show  the  economical 
difference  between  continuous  and  intermittent  action,  which 
is  tie-  chief  distinction  between  these  two  methods  of  pump- 
ing. There  is  no  reason  why  1,200  galls,  per  minute  could 
not  pass  through  the  piston  pump  the  same  as  it  does  through 
the  centrifugal  one.  if  there  were  not  limitations  of  some  kinds 
that  take  away  nine-tenths  of  the  capacity  of  piston  pumps. 
'flu- relative  capacity  of  piston  and  centrifugal  pumps  is  shown 
in  figs.  19  and  20,  representing  the  waterways,  and  approxi- 
\  the  volume  in  the  suction  pipes,  pumps  and  discharge 
pipes. 

"  As  at  first  remarked,  this  difference  between  the  two 
methods  of  pumping  seems  to  rest  in  '  constant  flow  '  in  one 
case,  and  '  intermittent  flow  '  in  the  other  case,  which  is  men- 
tioned at  this  time  in  advance  of  its  proper  place  to  enable  a 
betti  r  in  dci standing  of  some  further  comparisons  to  be  made. 
By  examining  lists  of  centrifugal  and  piston  pumps  it  will  1m; 
seen  that  the  suction  and  discharge  pipes  of  the  former  are 
made  of  a  larger  diameter  than  the  pump's  bore.  In  this 
State  the  smaller  class  of  centrifugal  pumps  are  usually  made 
with  discharge  pipes  having  four  times  the  capacity  of  the 
pump  nozzles,  the  suction  pipes  the  same.  To  quote  an  ex- 
ample, or  several  examples  now  in  mind,  the  diameter  of  the 
pump  nozzles  are  5  in.;  diameter  of  the  up-fake  pipes,  10  in. 
Suction  pipes,  of  which  there  are  from  two  to  four,  6  in.; 
suction  inlet  to  pumps,  8  in.  With  larger  pumps  these  pro- 
portions do  not  hold,  but  the  pipes  are  in  all  eases  made  larger 
than  tin-  pumps  to  which   tiny  connect. 

"  Turning  to  piston  pumps  we  find  the  pipes  with  capacity 
only  a  third  or  fourth  as  much  as  that  of  the  pump's  bore, 
or.  comparing  with  centrifugal  pumps,  about  one-Bevi  nth  as 
large,  and  are  in  proportion  to  the  flow  in  the  two  cases. 
Sere,  then,  is  an  anomaly,  two  machines  for  impelling  water 
under  like  conditions  for  average  heads,  one  costing  twice  as 


Fig    18. 


much  as  the  other  and  performing  one-tenth  of  the  duty.  Be- 
hind this  must  lie  some  potent  feature  of  method  or  operation 
which  we  find  primarily  in  th  •  difference  of  velocity  at  which 
tin-  fluid  passes  through  the  pumps,  and  from  that  can  lay 

down  a  fitst  postulate  as  follows  : 

"  Tin  dimensions,  weight  and  first  cost  of  pumping  machinery 
ely  astht  velocity  with  which  the  water  passes  throvghit. 

"  The  velocity  which  we  have-  seen  is  as  ten  to  one,  or  there- 
about,  can  be  illustrated  in  the  two  cases  by  diagrams,  as  in 
19  and  20,  where  the  ordinates  represent  the-  diameter  or 
Ity  of  the  wtiter  ducts  in  the  suction  pipes,  pumps,  and 
discharge  pipes  as  taken  from  actual  practise  here  in  Cali- 
fornia. 

"  This  branch  of  the  subject  can  now  be  left  to  trace  out  the 
of  this  difference,  and  why,  as  in  the  case  of  piston 
pumps,  water  is  moved  by  '  jerks,"'  to  so  call  it.  This  limita- 
tion is  found  in  the  variation  and  cessation  of  velocity  of  the 
water  in  tin-  pumps  and  usually  in  the  suction  pipes,  and 
when  considered  as  a  dynamical  problem  the  wonder  is  that  a 
flow  of  even  1.5  ft.  per  second  can  be  attained  in  this  manner 
of  pumping. 

' '  The  ordinates  in  fit:.  21.  and  the  figures  set  opposite,  rep- 
resent one  stroke  of  a  crank-moved  pump  piston,  showing  the 


Vol.  LXVIII,  No.  ii.] 


AND    RAILROAD    JOURNAL. 


50i 


changes  of  velocity,  and  from  this  we  can  derive  a  second 
postulate  as  follows  : 

"  The  limitation  of  capacity  in  reciprocating  piston  pumps 
amounting  to  from  eight  to  nine-tenths  of  their  norma!  capacity 
is  due  to  intermittent  and  irregular  flow." 

FROM   THE   SAN    FRANCISCO   TOOL   COMPANY. 

The  following  matter,   with  the  drawings,   has  been   fur- 
nished by  the  San  Francisco  Tool  Company,  and  will  consti- 
tute a  problem  of  much  interest  in  connection 
with  our  present  subject. 

The  result  seems  phenomenal,  considering 
that  the  water  is  twice  set  in  revolution,  ami 
as  often  passes  through  the  sinuous  ducts  of 
the  pumps,  but  those  most  familiar  with  cen- 
trifugal pumps  and  the  anomalous  results  that 
sometimes  appear,  will  be  least  likely  to  criticise 
the  "  findings,"  in  the  present  case.  __ 

Some  years  ago,  the  writer  was  connected 
with  the  first  experiment  made  in  California 
to  raise  water  against  a  head  exceeding  75  ft., 
with  a  centrifugal  pump.  It  was  compounded, 
but  so  constructed  that  none  of  the  tangential 
energy  was  utilized.  When  the  two  were 
operating  in  series  they  gave  precisely  double 
the  pressure  the  first  one  did,  and  the  power  — 
consumed  for  raising  a  given  quantity  of  wa- 
ter determined  by  comparison  in  tie  same 
manner — that  is,  by  fuel  consumption,  was  no 
more  than  with  barrel  pumps  that  had  been 
in  use  at  the  same  place. 

The  present  case,  and  some  others  to  be 
noticed  in  this  appendix,  will  bear  out  no 
doubt  the  claim  heretofore  made,  that  the  art 
of  centrifugal  pumping,  so  to  call  it,  has  on 
the  Pacific  Coast  undergone  a  development 
more  extensive  than  in  any  other  part  of  the 
world.  The  arrangement  and  design  of  the  — 
pumps  in  this  case  are  well  shown  in  the 
drawing,  and  do  not  call  for  comment. 


Notes. 

In  the  above  tests  the  pump  was  in  a  pit  s2  ft  below  the  surface  of  the 
ground. 

Power  was  transmitted  to  the  pnmp  by  means  of  shafting,  of  which  there 
is  about  90  it.  of  i%  in.,  and  5  couplings,  all  connected  and  standing  verti- 
cally, and  held  in  place  by  means  of  about  twelve  e1,  in.  bearings.  The 
upper  end  of  the  shaft  runs  through  a  bow  frame  in  the  usual  manner,  and 
has  :i  22  in.  x  is  in  pulley,  and  is  connected  to  an  Atlas  engine  1 1 1  in.  x  16 
in.l  by  meansof  a  14  in.  rubber  belt     Pulley  on  engine  is  66  in.  :•;  14  in. 

Distance  between  centers  of  engine  and  pump  pallet  is  21  ft. 

A  wooden  idle  pulley  20  in.  X  IS  in.  running  on  u'2}4  in.  shaft  between 
two  2^  in.  bearings  keeps  the  belt  taut. 
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Test  Made  for  the  So     Francisco  Tool  Company  on  tin    Com- 
>,i!  Vertical  Centrifugal  Pump   shown  in  IPig.  23,     Camp- 
bell  Wat,  i-   Company's   Works,     Campbell.   Santa    Clara     Co., 
Gal.,  July  18,  1S94.' 
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Ret-out  op  Test. 

Average  total  head 112.6  rt. 

"       discharge  head S7  5  " 

"       suction  head 22  07  ft. 

"       capacity  per  minute 548  galls. 

number  of  revolutions  per  minute 550.30  R.P.M. 

"       friction  head 3.05  ft. 

Dia  ueter  of  discharge  pipe 7.62  in. 

"  suction  pipes  2-7.00" 

Average  indicated  H.  P.  of  engine  pump  32.04  H.P, 

"  "    "       "       friction 7.90    " 

41       power  applied  to  pump  belt 2411    " 

••        water  delivered  by  pump 15.114     " 

"       efficiency  of  pump 64i^  percent. 


In  the  above  percentages  of  efficiency,  no  deductions  have  been  made  for 
driving  the  2.000  lbs.  of  shafting,  couplings,  pulley,  etc..  nor  the  friction  of 
couplings  and  pulleys  fanning  the  air.  nor  friction  of  the  shaft  in  its  many 
bearings  and  the  idle  pulley,  neither  was  the  loss  in  transmission  (by  quar- 
ter turn  belt'  between  engine  :imi  pump  deducted. 

The  only  deduction  made  was  the  friction  of  engine  running  light,  with 
driving  belt  off.  Signed,       G.  w. "Price. 

R.  L.  Frier. 


"  This  pump  replaced  a  pair  of  16-in.  bore  X  -ft?  in.  stroke 
Cornish  pumps,  which  were  built  and  put  in  last  March  and 
April  by  a  well-known  California  company.  Owing  to  the 
large  amount  of  sand  aud  gravel  carried  by  the  water  of  these 
wells  the  Cornish  pumps  proved  their  unadaptability  from  the 
moment  they  were  started  up.  It  was  a  matter  of  a  few  hours 
only  before  the  pump  barrels  were  tilled  with  sand  and  gravel, 
even  on  top  of  the  pump  pistons  gravel  and  dirt  would  pile 
up  to  a  depth  of  from  2  to  5  ft.,  the  depth  being  governed  by 
the  length  of  time  the  pumps  would  run  before  breaking 
down. 

"  The  centrifugal  pump  was  driven  by  the  same  steam  plant 
that  was  used  to  furnish  power  for  the  Cornish  pumps.  The 
difference  in  power  required  to  operate  the  different  pumps 
was  noticeable  in  every  detail. 

"  In  the  tests  above  named  the  efficiency  of  the  pumps  was 
impaired  by  an  unforeseen  length  of  .the  suction  head,  due  to 
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a  want  of  supply  in  the  wells.  This  head  sometimes  reached 
26  ft.,  giving  a  flow  of  only  2  to  3.5  ft.  per  second,  estimated 
as  affecting  the  working  result  over  the  whole  test  of  3  to 
6  per  cent. 

The  suction  pipes  are  about  30  ft.  long,  but  are  perforated 
from  the  bottom  up  to  within  36j  ft.  of  the  pump. 

"  In  the  fourth  test  the  level  of  the  water  in  the  suction 
pipes  was  kept  close  to  the  limit  set  by  the  perforations  in  the 
pipes.  Just  before  the  fifth  test  the  water  went  below  the 
perforations,  and  the  pump  drew  in  air  and  partly  lost  its 
priming.     This  threw  the  impellers  slightly  out  of  balance. 

"  In  the  fifth  test  there  was  a  very  small  quantity  of  water 
owing  to  air  being  in  the  pipes  and  pump,  and  the  efficiency 
was  low  from  the  fact  that  the  impellers  vibrated  vertically, 
which  caused  more  or  less  friction  between  the  thrust  collars 
and  their  bearings,  and  to  the  small  quantity  of  water  dis- 
charged. 

"  By  the  time  that  the  sixth  test  was  made  the  pump  was 
fairly  well  filled  again,  although  there  was  a  very  perceptible 
variation  in  the  quantity  and  efficiency  during  the  remainder 
of  the  test.  Still  this  is  a  condition  which  is  liable  to  exist  at 
any  time  and  under  different  circumstances,  so  they  have  been 
included  in  the  log  of  tests.  From  the  tests  as  made  the  effi- 
ciency obtained  can  be  relied  upon  as  representing  average  re- 
sults when  working  under  favorable  conditions. 


"  3.  The  weight  of  the  revolving  parts  must  be  maintained 
at  all  times  in  equilibrium.  The  company  employ  the  method 
of  balancing  shown  in  figs.  9,  10  and  11,  described  on  page 
416  (ante)  to  sustain  pump  shafting,  couplings,  pulley  and  im- 
pellers. Any  variation  in  the  suction  or  discharge  heads 
will  not  unbalance  the  shafting. 

"  4.  The  impellers  in  the  pump  being  invertedjthey  are  in 
equilibrium  in  so  far  as  end  thrust,  leaving  only  the  gravity  of 
the  rotary  parts  to  be  sustained  by  the  balanciug  piston  at  A." 


Fig.  23. 
PUMP  AT  THE   SAN   JOSt   WATER   WORKS. 

"  The  water  delivered  by  the  pumps  contained  a  large  quan- 
tity of  sand,  which  if  introduced  through  the  pipe  B  into  the 
cylinder  A  would  in  time  impair  the  efficiency  of  the  balanc- 
ing piston  (detail  shown  in  fig.  11,  page  416).  To  avoid  this. 
and  also  to  balance  the  shafting  before  starting  the  pump,  the 
pipe  B  was  continued  on  up  to  the  surface  of  the  ground,  and 
then  connected  to  a  small  reservoir  in  the  bottom  of  the  ■  1  i> 
charge  flume,  a  strainer  being  placed  over  the  aperture  be- 
tween the  reservoir  and  the  flume.  In  tins  manner  clean  \\  ater 
was  obtained  for  the  balancing  piston.  The  stem  on  the  rege- 
lating valve,  shown  on  pipe  B,  was  continued  up  to  the  top 
of  the  pit  for  convenient  regulation  of  the  pressure  in  the  bal- 
ancing cylindei  -1. 

"  The  principal  features  of  design  and  construction  of  this 
pump  are  as  follows  : 

"  1.  The  proportion  of  the  scroll  chamber  of  the  pump  is 
such  as  to  give  a  velocity  of  flow  which  this  company  have 
found  by  their  experiments  to  be  the  most  efficient. 

"2.  The  diameter  and  curve  of  the  impeller  blades  are  so 
proportioned  that  the  water  leaving  the  impeller  has  the  same 
tangential  velocity  when  it  reaches  the  scroll  chamber  of  the 
pump  as  the  discharge  water  has  when  passing  through  said 
chamber.  This  avoids  all  loss  of  power  from  shock,  impart 
and  eddies,  which  always  takes  place  in  pumps  not  properly 
proportioned.  To  keep  these  velocities  constant  it  is  necessary 
with  the  higher  heads  to  use  two  or  more  impellers. 


Since  the  foregoing  matter  was  in  type  the  engineer  of  the 
Campbell  Water  Company  has  apprised  the  makers  of  the 
pump  illustrated  and  described  in  the  preceding  test  and 
notes,  that  a  large  tank  was  erected  at  an  elevation  of  44  ft. 
above  the  old  flume,  and  the  pump  discharge  pipe  connected 
to  this  tank  of  20,000  galls,  capacity,  which  is  tilled  in  about 
30  minutes,  or  at  the  rate  of  666  galls,  per  minute.  The  total 
head,  including  friction,  the  engineer  estimates  at  160  ft.,  and 
there  is  little  doubt  that  it  may  be  further  increased  if  required. 

The  most  singular  part  is  that  theie  has  been  no  augmenta- 
tion, or  change,  in  the  driving  power,  and  the  44  ft.  of  added 
head  has  certainly  not  produced  resistance  in  accordance  with 
the  usually  assumed  law  in  such  cases,  or  as  the  cube  of  the 
head  or  speed.  The  present  case,  and  others  of  the  kind,  dis- 
prove by  actual  experiment  any  such  limitation  of  head 
or  resistances  in  centrifugal  pumping. 

FKOM   MESSRS.  W.    T.    GAKRATT   &    CO.,    SAN    FRANCISCO. 

The  company  above  named  supply  the  following  in- 
teresting facts  in  respect  to  the  pump  shown  in  the  draw- 
ing on  this  page.  The  general  design,  as  seen,  is  simple, 
and  carried  out  carefully  in  respect  to  proportions, 
curves  and  section  of  the  waterways,  and  compares  to 
designs  made  by  the  author  for  Messrs.  W.  T.  Gar- 
ratt  &  Co.  in  1887,  since  then  extensively  applied  to 
raising  water  from  deep  wells  on  the  Pacific  Coast. 

The  pump  from  which  the  drawing  is  taken  is  one 
of  5  in.  bore  that  has  been  at  work  for  more  than  two 
years  past,  raising  900  galls,  per  minute,  or  at  the  rate  of 
12,000,000  galls,  in  24  hours,  against  a  head  of  123  ft., 
for  the  city  service  at  San  Jose,  Cal. 

This  is  the  highest  pressure  for  a  single  pump  oper- 
ating in  constant  service  that  can  be  referred  to  at  this 
time.  Pumps  less  adapted  to  high  pressure  have  been 
operated  against  a  head  of  130  ft.  for  a  time,  but  not,  as 
in  this  case,  for  constant  daily  service. 

The  following  notes  are  sent  by  the  makers  : 
"  The  drawing  is  to  a  scale  of  ",ls  —  f  in.  =  1  ft.  The 
pump  was  erected  about  July,  1892.  The  discharge 
nozzle  is  5  in.  diameter,  and  the  impeller  30  in.  diameter. 
The  suction  pipes  (two)  are  6  in.  diameter.  The  uptake 
pipe,  above  the  air  vessel,  is  10  in.  diameter.  The  en- 
gine employed  is  of  50  II. P.,  rated,  and  speed  of  the 
pump  about  700  revolutions  per  minute. 

"The  driving  shaft  is  about  90  ft.,  and  with  at- 
tached weights,  such  as  pulleys,  couplings  and  pump 
parts,  amounting  to  more  than  a  ton,  is  perfectly  bal- 
anced by  water  thrust  beneath  the  impeller,  the  shallow 
vanes  there  being  trimmed  at  the  works  to  balance  at  a 
low  head,  the  shaft  and  its  fittings  compensating  for  added 
head  up  to  123  ft. 

'■  The  foot-pounds  of  work,  922,500,  make  about  28  H.P., 
and,  while  no  accurate  tests  have  been  made,  we  believe  the 
efficiency  to  be  as  high  as  60  per  cent.,  and  quite  as  much  as 
can  lii-  attained  with  a  piston  pump,  such  as  is  commonly  em- 
ployed under  the  conditions.  The  water  is  drawn  from  gravel 
strata  through  tube-wells,  and  contains  a  great  deal  ot  sand 
and  grit  that  would  soon  destroy  pumps  having  sliding  sur- 
faces. 

"In  experimenting  with  the  pump  there  was  developed 
some  anomalous  conditions  of  working,  not  explainable  by 
our  previous  experience.  At  an  increase  of  speed  from  700  to 
sun  revolutions  or  more,  the  work  fell  off  to  some  extent,  and 
there  is  apparently  a  determinate  volume  or  flow  at  which  the 
greatest  efficiency  is  attained.*  The  water  is  balanced  accord- 
ing to  the  usual  formula  V  =  \  2  g  11,  or  at  675  revolutions, 
the  impeller  being  30  in.  diameter.  This  leaves  75  revolutions 
to  overcome  the  resistances  to  flow." 

VTII.I7.rNG  TANGENTIAL    ENERGT. 

There  is  an  account  in  Le  Oenie  Civil,  Vol.  XXIV,  page 


*  The  pump  having  a  cut-off  or  throat  piece,  and  requiring  a  definite 
speed  in  respect  to  the  head,  there  is  nothing  strange  in  the  result  above 
noted.- J.  R 
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392,  of  a  centrifugal  pump  designed  by  M.  Schabaver,  in 
which  the  discharge  from  the  impeller  enters  an  annular 
chamber  consisting  of  a  narrow  slit  around  the  impeller, 
widening  out  gradually  to  the  discharge  chamber.  The  com- 
parison with  common  practice  is  in  gradually  reducing  the 
velocity  of  the  discharge  water  from  the  impeller,  so  as  to 
utilize  as  far  as  possible  the  radial  energy,  compared  with 
discharging  directly  into  the  scroll  or  discharge  chamber, 
gaining  thereby  inductive  effect  only. 

The  utilization  of  the  rotative  energy  in  this  manner  is  not 
a  new  subject,  in  so  far  as  its  dynamical  treatment.  Professor 
James  Thomson  presented  before  the  Institution  of  Civil  Engi- 
neers, in  England,  nearly  20  years  ago,  a  paper  in  which  the 
utilization  of  tangential  energy  in  centrifugal  pumps  was 
treated  from  a  mathematical  point  of  view,  dealing  with  the 
forces  involred  in  an  abstract  way,  and  proposing  a  "  whiil- 
pool"  chamber  beyond  the  impeller. 

In  18S4-85  Mr.  Byron  Jackson,  of  San  Francisco,  embodied 
in  a  series  of  pumps  what  he  called  whirlpool  action,  the  ob- 
ject of  which  was  to  absorb  and  utilize  the  energy  due  to  the 
velocity  with  which  the  water  leaves  the  impeller.  Mr.  Jack- 
son's practice  corresponds  to  that  shown  or  described  in  the 


Fig.  22. 
COMPOUND  VERTICAL  CENTRIFCGAL  PUMP. 

Schabaver  pumps,  but  without  the  diverging  sides  or  expand- 
ing chamber  between  the  impeller  and  the  discharge  way,  he 
relying  on  the  increasing  section  due  to  increasing  diameter, 
otherwise  the  action  of  the  pumps  is  the  same. 

But  even  the  diverging  sides  or  expanding  chamber  between 
the  impeller  and  discharge- way  is  not  new.  In  ISO'.',  Mr. 
G.  W.  Price,  also  of  San  Francisco,  prepared  drawings,  which 
we  have  examined,  for  pumps  identical  with  the  alleged  in- 
vention of  M.  Schabaver,  and  in  which  the  section  of  the 
water  way  is  made  to  correspond  with  the  diminishing  veloci- 
ties and  increase  of  volume  from  the  impellers  outward,  so 
this  feature  of  construction  comes  back  to  the  Pacific  Coast, 
and  sustains  our  claim  of  an  advanced  practise  there. 

The  account  of  the  Schabaver  pump,  by  M.  Gerard  La- 
vergne,  is  as  follows  : 

"  The  limit  for  the  profitable  employment  of  centrifugal 
pumps  has  hitherto  been  held  to  be  at  lifts  of  40  to  50  ft., 
while  their  best  efficiency  is  found  at  lifts  considerably  lower. 
The  combination  of  two  or  more  centrifugal  pumps  in  series, 
one  delivering  into  the  suction  pipe  of  another,  enables  them 
to  be  used  for  high  lifts  without  loss  of  efficiency,  but  at  the 


cost  of  some  complication  and  a  large  initial  outlay.*  The 
present  article  describes  methods  of  construction  which  have 
been  devised  by  M.  Schabaver  to  adapt  the  centrifugal  system 
to  high  lifts.  The  object  of  the  construction  is  to  enable  the 
high  velocity  with  which  the  water  must  leave  the  blades  of 
the  pump  to  transform  itself  into  low  velocity  with  high  press- 
ure, and  at  the  same  time  to  avoid  the  shocks  and  eddies  by 
which  energy  is  dissipated  at  high  lifts  in  the  ordinary  centrif- 
ugal pumps.  To  effect  this  purpose  the  discharge  through 
the  wheel  casing  is  taken  through  a  narrow  orifice  extending 
round  the  whole  circumference  of  the  casing.  This  orifice 
gradually  widens  outward,  so  that  the  water  arrives  without 
shock  in  a  spiral  collector  surrounding  the  pump  and  leading 
into  the  discharge  pipe.  The  width  of  the  orifice  is  made 
such  as  to  give  the  required  flow  at  the  velocity  due  to  the 
head  against  the  pump,  with  a  coefficient  of  contraction 
(about  0.6)  allowed  for.  A  series  of  experiments  were  made 
with  a  pump  of  this  type  of  16  in.  diameter  across  the  blades, 
with  4  in.  suction  and  discharge.  It  was  actuated  by  a 
25-H.P.  engine,  whose  efficiency,  measured  by  comparing  the 
work  on  a  brake  with  the  indicator  diagram,  was  80  per  cent. 
The  efficiency  of  the  transmission  was  also  obtained,  and  thus 
by  taking  indicator  diagrams  the  work  transmitted  to  the 
pump  shaft  could  be  calculated.  Diagrams  are  given  of  the 
efficiency  of  the  pump  in  terms  of  the  lift  for  deliveries  vary- 
ing from  1  to  44  galls,  per  second,  in  which  the  lift  ranges 
from  0  to  164  ft.  The  maximum  efficiency  is  58  per  cent.,  and 
was  found  only  with  the  greatest  flow — viz.,  about  44  galls. 
per  second.  For  any  flow  the  maximum  efficiency  occurred 
at  about  50  to  60  ft.  lift  and  increased  continually  with  the 
flow.  The  variations  of  efficiency  from  one  lift  to  another 
were  also  less  with  the  larger  flow.  The  same  results  are  ex- 
pressed in  another  set  of  curves  which  give  the  efficiency  as  a 
function  of  the  flow.  In  another  diagram  the  height  to  which 
the  water  was  raised  is  expressed  as  a  function  of  the  speed 
of  the  pump.  A  similar  curve  being  drawn  to  express  the 
theoretical  lift  as  given  by  the  equation  c2  =  2  g  h,  where  v  is 
the  resultant  of  the  radial  and  tangential  velocities  at  the  va- 
rious speeds,  it  is  seen  that  the  pump  fulfills  its  purpose  very 
perfectly  in  reducing  the  velocity  of  the  water  without  loss  of 
head. 

"  In  another  form  of  pump  directed  to  the  same  purpose, 
the  blades  are  made  hollow  and  large,  occupying  half  the  vol- 
ume of  the  casing  and  covering  half  its  circumference — some- 
what of  the  form  of  a  hatchet-blade.  The  blades  are  set 
radially,  since  it  is  found  that  the  loss  by  shock  at  the  entrance 
of  the  water  is  insignificant.  This  arrangement  of  blades, 
together  with  a  gradual  enlargement  of  the  casing  in  the  radial 
sense,  gives  the  water,  after  issuing  from  between  the  blades, 
plenty  of  space  in  which  to  lose  its  velocity  without  shock 
before  entering  the  discharge-pipe.  This  pump,  delivering 
54;  galls,  per  second  to  65.6  ft.  of  height,  gave  an  efficiency  of 
65  per  cent.,  and  delivering  64  galls,  to  32.8  ft.  of  height  gave 
an  efficiency  of  68  per  cent.  With  further  experience  still 
better  results  may  be  expected." 

There  is  a  provoking  omission  of  the  efficiency  in  working 
at  different  heads,  from  0  to  164  ft.  There  is  also  something 
inexplainable  in  the  statement  that  "  for  any  flow  the  maxi- 
mum efficiencv  occurred  at  50  to  60  ft.  lift,  and  increased  con- 
tinually with  the  flow."  Unless  the  translator  is  wrong  here, 
the  experimenter  was,  because  such  a  result  is  hardly  sup- 
posable. 

The  results  described  in  the  last  paragraph  are  not  surpris- 
ing. There  are  several  reasons  why  vanes  of  the  form  de- 
scribed should  give  a  good  result.  The  fact  of  their  being 
set  radially  shows  that  the  designer  attached  but  little  impor- 
tance to  the  curve  or  shape  of  the  vanes.  -Industry. 


ENGINE  CYLINDER  CLEARANCES  AND  INITIAL 
CONDENSATION.! 


By  Michael  Longkidge,  M.A.,  M.I.C.E. 


The  examination  of  such  cylinder  drawings  as  have  been 
submitted  to  the  writer's  consideration  during  recent  years 
has  led  him  to  believe  that  he  may,  without  presumption",  and 
perhaps  with  advantage  to  steam  users,  draw  attention  to  a 
point  which,  though  it  materially  affects  economy  of  work- 
ing, seems  to  be  frequently  overlooked  in  cylinder  designs. 
That  point  is  the  amount  of  eUaranet  surface.     All  engineers, 


•  The  amount  of  "  initial  outlay*'  is  not  jrea  .  but  is  inconsiderable,  as 
can  be  seen  by  comparing  with  Bg  23,  and  it)  any  case  is  not  more  than  half 
as  mncn  as  torpiston  pumps  —J.  B, 

+  From  the  Annual  Report  of  the  Engine.  Boiler  ami  Employers-  Liability 
Insurance  Company,  for  1893. 
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and  many  who  use  engines,  are  aware  that  the  weight  of  steam 
passing  through  the  cylinder,  as  measured  from  the  indicator 
diagram,  is  always  less,  and  generally  considerably  less,  than 
tin  weigh!  of  water  evaporated  in  the  boiler.  The  difference 
they  ascribe,  quite  correctly,  to  cylinder  condensation,  and 
they  see  that  but  fur  this  condensation  the  quantity  of  steam 
used  and  the  weight  of  coal  burnt  for  a  certain  II. P.  would 
be  very  much  less  than  they  actually  are.  Anything,  there- 
fore, that  tends  to  increase  or  diminish  initial  condensation  is 
worth  consideration.  Now.  it  is  generally  admitted  that  cyl- 
inder condensation  is  produced  by  cylinder  metal  ;  that  it  is 
most  active  during  the  first  part  of  the  admission  before  the 
piston  has  begun  to  move,  and  that  the  quantity  of  wab  r  in 
the  cylinder  ceases  to  increase  either  when  or  soon  after  the 
Steam  has  been  cut  off  ;  in  other  words,  that  the  extent  of  the 
metallic  surface  exposed  to  the  steam  during  the  period  of 
admission  determines,  to  a  very  large  extent,  the  amount  of 
the  cylinder  condensation  and  the  economy  of  the  engine. 

This  is  the  point  which  seems  to  the  writer  to  be  sometimes 
lost  sight  of.  Let  us  take  one  or  two  examples  :  Consider 
tigs.  1  and  2,  representing  the  clearance  at  the  back  end  of  the 
high-pressure  cylinder  of   a  compound  tandem  condensing  eu- 


steam  before  the  piston  begins  to  move  amounted  to  no  less 
than  6.75  sq.  ft.,  or  35.5  sq.  ft.  per  cubic  foot  of  clearance 
volume. 

Let  us  see,  now.  how  this  extra  surface  was  brought  in. 

First,  we  have  a  nut  to  secure  the  piston  to  the  piston-rod, 
and  a  large  recess  in  the  cover  to  receive  the  nut.  A  cotter 
sunk  in  the  piston  would  have  presented  less  surface  to  the 
strain  ;  but  if  a  nut  was  preferred,  it  need  not  have  been  so 
deep,  nor  need  the  clearance  between  it  and  the  bottom  of  the 
recess  have  been  about  three  times  as  much  as  between  the 
piston  and  the  cylinder  cover. 

Second,  there  is  no  collar  bush  in  the  cover  to  prevent  the 
steam  getting  into  the  stuffing-box  as  far  as  the  metallic  pack- 
ing, which  is  bolted  to  the  flange  a  b ;  consequently  the  whole 
of  the  surface  in  the  neck  and  stuffing-box  are  condensing 
and  evaporating  surfaces.  In  many  cases  this  surface  is  much 
greater  than  in  the  present  instance.  It  is  said  that  one  of 
the  advantages  of  metallic  packing  is  that  it  leaves  the  rods 
free,  and  therefore  it  is  not  desirable  to  have  any  collar  bush. 
The  writer  would  rather  say  that  one  of  the  advantages  of 
metallic  packing  is  that  it  will  adjust  itself  to  the  rod  and 
keep  the  gland  steam  tight  if  the  piston  and  collar  bush  wear 
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Fig.  1. 
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gine.  The  diameters  of  the  cylinders  were  12  in.  and  22  in.  ; 
the  stroke  of  the  pistons  2  ft.  6  in.  ;  the  speed  so  revolutions 
per  minute  ;  the  cylinders  were  completely  jacketed,  and  the 
high-pressure  had  Corliss  valves;  the  boiler  pressure  was 
80  lbs.,  and  the  number  of  expansions  varied  from  12. ft  to 
19.2.  Surely  such  an  engine  should  have  been  economical. 
Vet  the  rale  of  consumption  was  found  on  trial  to  vary  from 
211  lbs.  per  I. II. P.  per  hour  with  steam  in  the  jackets,  to 21  lbs. 
with  the  jacket  supplies  shut  off. 

The  indicator  diagrams  of  which  tig.  :!  is  a  specimen  sug- 
gesl  the  cause— the  slow  rise  of  the  compression  curve,  the 
appearance  ol  late  admission,  although  the  valves  had  nearly 
, ,    ill.  lead,  anil  the  full  expansion  curve  all  point  to  excessive 

initial  condensation  and  in  fact  from  51  per  cent.,  or  roughly 

Speaking  one-half,  of  the  steam  entering  the  cylinder  was  con- 
densed during  the  period  of  admission.  W'iiv  was  the  con- 
densation  ive?     Rather  ask,  Why  was  the  surface 

exposed  t"  ihe  entering  steam  so  great? 

The  volume  swept  through  by  the  piston  up  to  the  point  of 
CUt-off  i"  the  particular  trial  which  gave  the  mean  diagram 
(Qg.  3)  was  0.29  cub.  ft.  The  surface  required  to  contain  this 
volume  is  that  of  two  circles,  each  12  in.  diameter,  and  a  belt 
of  (he  circumference  of  the  cylinder  4.4  in.  long — altogether 
2.72  sq.  ft.,  or  9.4  sq.  ft.  per  cubic  foot  contained.  This  is 
the  irreducible  minimum  of  surface,  the  ideal  at  which  the 
designer  of  the  cylinder  should  have  aimed.  The  actual 
amount  of  surface  is  7.11  sq.  ft.,  or  27.3  sq.  ft.  per  cubic  foot, 
of  which  the  clearance  surface  or  the  surface  exposed  to  the 


down,  and   Ihe  rod  dues  not  run  exactly  coincidently  wilh  the 
axis  of  the  cylinder. 

Third,  there  is  a  space  between  Ihe  cover  and  the  cylinder 
c  d.  This  is  bounded  by  two  belts  of  surface  c  e,  d  d,  in  this 
case  each  only  H  in.  wide,  but  in  some  instances  as  much  as 
'.)  in.  It  is  difficult  to  say  how  this  surface  is  to  be  suppressed, 
fur  if  the  cover  were  made  to  lit  Ihe  cylinder  it  would  be  im- 
possible to  gel  il  olT.  Is  it  possible  to  make  the  cover  conical 
and  an  exact  lit  into  a  conical  spigot  in  the  cylinder,  so  that 
when  the  asbestos  thread  or  lead  wire  or  other  material  used 
for  j  linling  is  put  between  the  flanges,  the  male  and  female 
cones  shall  be  just  clear  of  each  oilier,  the  space  being  so 
small  that  water  would  beheld  in  it  by  capillary  attraction? 
As  to  the  maximum  thickness  of  the  annular  space  which  will 
hold  water  under  such  circumstance,  .Mr.  Bryan  Donkin  has 
been  kind  enough  to  make  some  experiments  for  the  writer, 
which  have  shown  that  when  the  space  is  -,',.  in.  water  is  not 
retained,  but.  the  surfaces  c  c,d  d  are  both  active  as  condensers 
and  evaporators.  When,  however,  the  space  is  reduced  to 
.}.,  in.  water  is  held  to  a  certain  extent.  These  experiments 
were  made  with  a  "  Kevealer,"  so  that  the  condensation  and 
evaporation  might  be  visible.  In  the  case  of  the  cylinder  of 
a  steam-engine  it  is  probable  that  a  space  of  ^  in.  would  be 
sufficient  to  ensure  inactivity  of  the  bounding  surfaces,  as  oil 
would  undoubtedly  be  deposited  upon  these  surfaces,  and 
would  soon  reduce  the  space  between  them  sufficiently  to  en- 
sure ihe  retention  of  water  between  them,  and  thus  prevent 
the    entrance    of    steam    and    the    consequent   condensation 
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and  re-evaporation  due   to  their  absorbing  and  giving  out 
heat. 

Fourth,  there  is  the  end  surface  e  e  of  the  liner,  and  the  cor- 
responding annulus  dfot  the  cover,  amounting  to  no  less  than 


1 

\                         \ 

80  : 

\                              \ 

83 'M 

\         ^** 

*         3 

»«4 

\                       ^^r~~--^                ""'--. 

*■    -■ 

V°4 

^--^^                                                                            ~  —                 -~~~ 

I0_ 

oJ 

Fig   .3. 


Fig.  4. 

1.22  sq.  ft.,  or  15J  per  cent,  of  the  total  surface  exposed  to 
the  steam  up  to  the  point  of  cut-off.  This  is  the  price  paid  in 
this  instance,  and  not  in  this  instance  only,  for  a  steam  jacket 
to  the  barrel  of  a  cylinder.  If  condensation  be  proportional, 
ceteris  paribus,  to  surface,  it  means  that  by  putting  in  the 
liner  to  form  the  jacket  we  have  increased  the  cylinder  con- 
densation by  8  per  cent.,  when  working  without  steam  in  the 
jacket,  beyond  what  it  would  have  been  had  there  been  no 
liner  and  no  jacket.  The  point  is  not  without  importance, 
because  it  is  a  common  practise  to  assert,  or  at  least  to  imply, 
that  because  a  jacketed  engine  proves  to  be  more  economical 
with  steam  in  the  jackets  than  without,  therefore  the  engine 
is  more  economical  than  it  would  have  been  had  there  been 
no  jacket.  It  does  not  seem  to  occur  to  the  exponents  of  such 
opinions  that  the  engine  might  have  done  better  without  the 
jacket  altogether  than  with  the  jacket  and  the  steam  supply 
shut  off.  The  writer  does  not  wish  the  foregoing  remarks  to 
be  taken  as  implying  that  jackets  are  a  useless  complication. 
All  he  wishes  to  make  clear  is  that  a  barrel  jacket  may  be  put 
in  in  such  a  way  as  to  be  a  source  of  loss  instead  of  gain. 

Fifth,  there  are  the  steam  passages  and  the  exhaust  valve- 
boxes  and  valves.  The  surface  of  the  steam  passages  is  least 
in  a  cylinder  with  a  slide-valve  at  each  end,  because  there  is 
only  a  single  short  passage  at  each  end.  And  here  it  may  be 
well  to  point  out  that  the  internal  surfaces  of  this  passage  are 
not  cooled  by  the  escape  of  the  exhaust  through  them  any 
more  than  they  would  be  if  the  exhaust  escaped  through 
special  passages,  for  the  temperature  to  which  the  metal  is 
exposed  is  in  either  case  that  corresponding  to  the  exhaust 
pressure.  In  the  Corliss  cylinder  there  are  two  passages  at 
each  end,  unless  the  steam-valves  be  placed  underneath  and 
alongside  the  exhaust-valves,  and  the  steam  be  admitted 
through  the  exhaust  valve  boxes.  In  small  cylinders,  how- 
ever, little  is  gained  by  this  device,  though  for  large  ones  it 
affords  a  means  of  reducing  the  surface  considerably.  Also 
in  the  Corliss  engine  there  is  always  the  concave  surface  and 
two  ends  of  the  exhaust  valve-box,  as  well  as  the  correspond- 
ing surfaces  of  the  exhaust-valve.  How  much  of  this  can  be 
rendered  non  effective  by  making  the  valve  fit  the  box  it  is 
difficult  to  say.  The  usual  plan  is  to  make  the  valve  fill  all 
that  part  of  the  box  which  is  not  required  for  the  passage  of 
the  steam  through  it  when  the  exhaust  port  is  open,  the  object 
being  to  reduce  the  clearance  space.  But  in  the  high-pressure 
cylinder  of  a  compound  engine  clearance  surface  is  probably 
of  more  consequence  than  clearance  space,  and  if  valves  can- 
not be  made  to  fit  so  closely  to  the  surface  of  the  box  as  to 
prevent  steam  getting  between  the  two,  it  might  be  better  to 


accept  the  whole  internal  surface  of  the  box  as  an  inevitable- 
evil,  and  to  reduce  that  of  the  valve  by  cutting  it  down  to  the 
smallest  dimensions,  regardless  of  the'  consequent  increase  of 
the  clearance  volume. 

Let  us  take  another  case,  fig.  5  ;  the  case  of  a  cylinder  re- 
duced in  diameter  by  means  of  a  liner.  This  is  a  plan  often 
adopted  when  steam  pressures  are  raised,  but  it  is  not  always 
as  successful  as  expected,  nor  is  it  always  safe,  for  the  area  "of 
the  cylinder  end  which  is  exposed  to  the  increased  pressure  is 
not  reduced.  In  the  present  case,  the  cylinder  was  originally 
32  in.  diameter  by  3  ft.  stroke,  and  the  diameter  of  the  liner 
is  23  in.  The  surface  presented  to  the  steam  by  the  liner  and 
by  the  corresponding  annulus  of  the  cylinder  cover  amounts, 
therefore,  to  5.4  sq.  ft.  or  to  nearly  twice  the  area  of  the  pis- 
tan.  The  clearance  surface  and  volume  are  18  3  sq.  ft.  and 
1.18  cub.  ft.  Had  the  steam  been  cut  off  at  0.147  of  the 
stroke,  as  in  the  former  case,  the  surface  exposed  to  the  steam 
would  have  been  20.!)"  sq.  ft.,  or  16.5  sq.  ft.  per  cubic  foot  of 
volume  swept  through.  When  the  diagram  (fig.  4)  was  taken 
the  admission  continued  nearly  twice  as  long,  or  till  0.3  of  the 
stroke,  yet  the  effect  of  the  large  extent  of  surface  in  produc- 
ing condensation  becomes  evident  on  comparing  the  expansion 
curve  with  the  hyperbola.  As  a  contrast,  turn  to  fig.  6,  rep- 
resenting the  end  of  a  cylinder  22  in.  diameter  by  3  ft.  stroke. 
Here  the  clearance  surface  and  volume  are  reduced  almost  as 
much  as  it  is  possible  to  reduce  them,  the  first  being  8.02  sq.  ft., 
and  the  second  0.369  cub.  ft.  Assuming  the  steam  to  be  cut 
off  at  0.147  of  the  stroke,  as  before,  the  surface  per  cubic  foot 
of  volume  swept  through  by  (he  piston  up  to  the  end  of  ad- 
mission would  be  only  6.9  sq.  ft.  The  writer  hoped  to  have 
been  able  to  give  a  diagram  from  a  cylinder  of  this  design, 
but  unfortunately  the  engine  was  not  completed  in  time. 

There  is  one  other  point  in  connection  with  cylinder  surface 
which  it  may  be  well  to  touch  upon,  having  regard  to  the 
large  number  of  short-stroke  inverted  vertical  engines  which 
are  now  built  for  driving  mills.  This  is  the  effect  of  the  ratio 
between  the  cylinder  diameter  and  the  stroke. 

To  make  the  point  clear  without  unnecessary  complication, 
consider  the  two  plain  cylinders  A  B  G D,ab  cd,  fig.  7,  with- 
out ports  or  clearance  spaces,  A  B  C  D  having  a  piston  area 
of  1  sq.  ft.  and  a  stroke  of  4  ft.,  and  a  b  c  d  a  piston  area  of 
4  sq.  ft.  and  a  stroke  of  1  ft.;  then  both  cylinders  will  have 


Fig-  7- 
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Fig.  6. 

the  same  capacity,  and  with  the  same  speed  of  rotation  will 
develop  the  same  power,  with  the  same  initial  pressure  and 
ratio  nf  expansion. 

First,  suppose  the  cut-off  to  take  place  at  M and  m  at  one- 
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fourth  of  the  stroke  ;  then  the  volume  of  the  steam  admitted 
in  each  case  will  be  1  cub.  ft. .  but  the  areas  of  the  surfaces 
which  enclose  this  1  cub.  ft.  will  differ  considerably,  the  areas 
of  the  two  ends  and  of  the  belts  .4  .If,  a  m  of  the  barrels  being 
5.54  sq.  ft.  and  9.78  sq.  ft.  Therefore,  if  condensation  be 
proportional  to  surface,  the  quantity  of  steam  condensed  in 
the  short-stroke  cylinder  would,  other  things  being  equal,  be 
177  per  cent,  of  that  in  the  long. 

If,  however,  the  steam,  instead  of  being  cut  off  at  one-fourth, 
were  cut  off  at  three-fourths  of  the  stroke,  the  case  would  be 
different.  Then  the  volume  of  the  steam  cutoff  A  y  y  B, 
fi  u  it  b  would  be  3  cub.  ft.,  and  the  enclosing  surfaces  12.62 
sq.  ft.,  or  4.21  sq.  ft.  per  cubic  foot  in  the  case  of  A  B  C  D, 
and  13.33  sq.  ft.,  or  4.44  sq.  ft.  per  cubic  foot  in  the  case  of 
abed.  Therefore,  other  things  being  equal,  the  condensa- 
tion in  a  b  c  1/  would  be  106  per  cent,  of  that  in  A  B  CD. 
Thus,  even  if  both  engines  were  run  at  the  same  number  of 
revolutions  per  minute,  the  short  cylinder  will  have  but  little 
more  water  at  the  point  of  cut-off  than  the  long  one  when  the 
cut-off  takes  place  late  in  the  stroke. 

Generally,  however,  the  two  engines  would  not  be  run  at 
the  same  number  of  revolutions  per  minute,  but  rather  at  the 
same  piston  speed,  in  which  case  the  short-stroke  engine  would 
make  four  times  as  many  revolutions  as  the  long-stroke,  and 
the  periodic  times  during  which  heat  is  absorbed  and  given 
out  would  be  in  the  inverse  ratio  of  the  revolutions. 

Now,  it  has  been  assumed,  in  discussing  initial  condensa- 
tion, that  the  amount  of  condensation  is  proportional  to  the 
square  root  of  the  periodic  time.  How  far  this  assumption  is 
based  on  fact  remains  to  be  ascertained,  but  supposing  it  to 
be  true,  then  so  far  as  it  is  affected  by  the  number  of  revolu- 
tions, the  condenser  would  be  twice  as  great  in  the  long-stroke 
engine  as  in  the  short.  Thus,  when  running  at  the  same  pis- 
ton speed,  the  short-stroke  engine  would  make  less  water  than 
the  long. 

There  is  no  intention  of  asserting  that  these  conclusions  are 
beyond  question.  They  will  be  modified  somewhat  when  the 
surfaces  in  the  steam  passages  and  valves  are  taken  into  ac- 
count, and  probably  to  a  greater  extent  by  future  experimen- 
tal knowledge  of  the  dependence  of  condensation  upon  peri- 
odic time.  All  the  writer  wishes  to  suggest  to  the  insured  is 
that  the  engineer  has  to  do  something  more  than  fix  the  cyl- 
inder diameter,  the  stroke,  and  number  of  the  expansions  if  a 
high  efficiency  is  required,  and  that  the  care  bestowed  on  the 
details  of  a  cylinder  may  influence  the  economy  of  the  engine 
in  no  small  degree. 


AN  OLD  JAPANESE  BRIDGE. 


One  of  the  great  difficulties  of  spanning  long  rivers  and 
streams  in  Japan,  is  that  they  are  subject  to  floods,  which 
sweep  bridge  piers  and  carry  everything  before  them.  In 
olden  times  a  crossing  was  sometimes  effected  with  ferry- 
boats, and  in  villages  and  country  districts  ropes  were  slung 
from  side  to  side  of  the  rivers,  and  passengers  were  trans- 
ferred in  a  cradle  traveling  along  it. 

Throughout  the  country  there  are  now  thousands  of  bridges 
of  long  span,  built  of  iron  and  timber.  The  illustration  on 
page  506  is  from  a  photograph  of  one  of  the  famous  old  bridges 
in  Japan,  a  model  of  which  was  exhibited  a  year  ago  at  the 
Chicago  Exposition.  The  bridge  was  built  over  the  Kuiobe 
River,  in  Aimoto  Village,  in  the  province  of  Etchiu  ;  it  has 
therefore  been  known  as  Aimoto-bashi  (Love  Bridge)  The 
bridge  site  was  chosen  in  1655  at  a  narrow  point  of  the 
river,  and  the  first  structure  erected.  Since  that  time  it  has 
been  renewed  every  20  or  30  years,  with  no  change  in  the  de- 
sign. Last  year,  however,  it  was  replaced  by  a  new  bridge, 
consisting  of  wooden  libs,  of  160  ft.  span.  The  last  bridge  of 
the  old  type  was  constructed  in  1863.  and  lasted  more  than 
25  years,  though  the  timbers  were  not  protected.  This  bridge, 
in  common  with  the  other  old  bridges  in  Japan,  was  built  on 
the  cantilever  principle,  as  shown  in  the  engraving.  The 
superstructure  rested  on  the  natural  rock.  The  total  length 
was  206  ft.,  the  central  span  being  150  ft.,  with  beam  bridges 
of  2G  ft.  on  each  side.  The  length  of  the  bridge  at  the  middle 
of  the  stream  was  50  ft.  The  six  cantilevers  of  1  ft.  5  in.  x 
1  ft.  1  in.  timbers  projected  from  each  side,  gradually  approach- 
ing each  other,  until  the  intermediate  span  was  50  ft. 

This  was  then  spanned  by  three  beams  of  2  ft.  2  in.  X  1  ft. 
1  in.,  and  the  planking  laid  on  them.  The  slope  of  the  canti- 
levers was  1  in  3J.  The  bamboo  baskets  tilled  with  stones,  in 
the  foreground  of  the  picture,  are  called  jaleago  (snake  baskets). 
and  tiny  are  used  as  protective  works  for  river  banks,  being 
still  found  on  the  shores  of  some  of  the  Japanese  rivers. 

Bridges  similar  in  construction  to  this  one  are  to  be  seen  in 


many  parts  of  Japan,  though  their  spans  are  not  as  long  as 
this.  Modern  cantilever  bridges  of  iron  and  steel  are  built  on 
this  same  principle,  though,  01  course,  such  a  structure  as  this 
requires  more  timber  than  where  trussing  is  resorted  to.  It 
is,  however,  an  interesting  specimen  of  bridge  architecture  as 
practised  in  old  Japan. 


THE  ENIGMAS  OF  THE  ELEMENTS. 


The  following  interesting  discussion  on  this  subject  forms 
part  of  the  annual  address  of  the  President  of  the  British  Asso- 
ciation the  Marquis  of  Salisbury  delivered  at  the  recent  meet- 
ing held  in  Oxford  : 

"  Of  the  scientific  enigmas  which  still,  at  the  end  of  the 
nineteenth  century,  defy  solution,  the  nature  and  origin  of 
what  are  called  the  elements  is  the  most  notable.  It  is  not, 
perhaps,  easy  to  give  a  precise  logical  reason  for  the  feeling 
that  the  existence  of  our  65  elements  is  a  strange  anomaly  and 
conceals  some  much  simpler  state  of  facts.  But  the  convic- 
tion is  irresistible.  We  cannot  conceive,  on  any  possible  doc- 
trine of  cosmogony,  how  these  65  elements  came  into  existence. 
A  third  of  them  form  the  substance  of  this  planet.  Another 
third  are  useful,  but  somewhat  rare.  The  remaining  third  are 
curiosities  scattered  haphazard,  but  very  scantily,  over  the 
globe,  with  no  other  apparent  function  but  to  provide  occupa- 
tion for  the  collector  and  the  chemist.  Some  of  them  are  so 
like  each  other  that  only  a  chemist  can  tell  them  apart  ;  others 
differ  immeasurably  from  each  other  in  every  conceivable  par- 
ticular. In  cohesion,  in  weight,  in  conductivity,  in  melting 
point,  in  chemical  proclivities,  they  vary  in  every  degree. 
They  seem  to  have  as  much  relation  to  each  other  as  the 
pebbles  on  a  sea  beach,  or  the  contents  of  an  ancient  lumber 
room.  Whether  you  believe  that  creation  was  the  work  of  de- 
sign or  of  inconscient  law,  it  is  equally  difficult  to  imagine 
how  this  random  collection  of  dissimilar  materials  came  to- 
gether. Many  have  been  the  attempts  to  solve  this  enigma  ; 
but  up  till  now  they  have  left  it  more  impenetrable  than  be- 
fore. A  conviction  that  here  was  something  to  discover  lay 
beneath  the  persistent  belief  in  the  possibility  of  the  transmuta- 
tion of  other  metals  into  gold,  which  brought  the  alchemy  of 
the  Middle  Ages  into  being.  When  the  immortal  discovery 
of  Dalton  established  that  the  atoms  of  each  of  these  ele- 
ments have  a  special  weight  of  their  own,  and  that  conse- 
quently they  combine  in  fixed  ponderable  proportions  from 
which  they  never  depart,  it  renewed  the  hope  that  some  com- 
mon origiu  of  the  elements  was  in  sight.  The  theory  was  ad- 
vanced that  all  these  weights  were  multiples  of  the  weight  of 
hydrogen — in  other  words,  that  each  elementary  atom  was 
only  a  greater  or  a  smaller  number  of  hydrogen  atoms  com- 
pacted by  some  strange  machinery  into  one.  The  most  elabo- 
rate analyses,  conducted  by  chemists  of  the  highest  eminence 
— conspicuously  by  the  illustrious  Stas — were  directed  to  the 
question  whether  there  was  any  trace  in  fact  of  the  theoretic 
idea  that  the  atoms  of  each  element  consist  of  so  many  atoms 
or  even  of  so  many  half  atoms  of  hydrogen.  But  the  reply  of 
the  laboratories  has  always  been  clear  and  certain  — that  there 
is  not  in  the  facts  the  faintest  foundation  for  such  a  theory. 

"  Then  came  the  discovery  of  the  spectral  analysis,  and  men 
thought  that  with  an  instrument  of  such  inconceivable  deli- 
cacy we  should  at  last  find  out  something  as  to  the  nature  of 
the  atom.  The  result  has  been  wholly  disappointing.  Spec- 
tral analysis  in  the  hands  of  Dr.  Hoggins  and  Mr.  Lockyer 
and  others  has  taught  us  things  of  which  the  world  little  ex- 
pected to  be  told.  We  have  been  enabled  to  measure  the  speed 
with  which  clouds  of  blazing  hydrogen  course  across  the  sur- 
face of  the  sun  ;  we  have  learned  the  pace — the  fabulous  pace 
— at.  which  the  most  familiar  stars  have  been  for  ages  ap- 
proaching to  or  receding  from  our  planet,  without  apparently 
affecting  the  proportions  of  the  patterns  which,  as  fai  as  his- 
torical record  goes  back,  they  have  always  delineated  on  the 
evening  sky.  We  have  received  some  information  about  the 
elementary  atoms  themselves.  We  have  learned  that  each 
sort  of  atom  when  heated  strikes  upon  the  ether  a  vibration,  or 
set  of  vibrations,  whose  rate  is  all  its  own  ;  and  that  no  one 
atom  or  combination  of  atoms  in  producing  its  own  spectrum 
encroaches  even  to  the  extent  of  a  single  line  upon  the  spec- 
1  nun  that  is  peculiar  to  its  neighbor.  We  have  learned  that 
the  elements  which  exist  in  the  stars,  and  specially  in  the  sun, 
are  mainly  those  with  which  we  are  familiar  upon  earth. 
There  are  a  few  lines  in  excess  to  which  we  can  give  no  ter- 
restrial name  ;  and  there  are  some  still  more  puzzling  gaps  in 
our  list.  It  is  a  great  aggravation  of  the  mystery  which  besets 
the  question  of  the  elements  that  among  the  lines  which  are 
absent  from  the  spectrum  of  the  sunthoseof  nitrogen  and  oxv- 
geu  stand  first.     Oxygen  constitutes  the  largest  portion  of  the 
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solid  and  liquid  substance  of  our  planet,  so  far  as  we  know  it  ; 
and  nitrogen  is  very  far  the  predominant  constituent  of  our 
atmosphere.  If  the  earth  is  a  detached  bit  whirled  off  the 
mass  of  Hie  sun,  as  cosmogonists  love  to  tell  as,  how  comes  it 
that  in  leaving  the  sun  we  cleaned  him  out  so  completely  of 

his  nitrogen  and  oxygen  thai  not  a  trace  of  these  gases  remains 
behind  to  be  discovered  eveu  by  the  sensitive  vision  of  the 
spectroscope  ?  All  these  things  the  discovery  of  spectrum 
analysis  has  added  to  our  knowledge  ;  but  it  has  left  us  as 
ignorant  as  ever  as  to  the  nature  of  the  capricious  differences 
which  separate  the  atoms  from  each  other,  or  the  cause  to 
which  those  iliiTeiences  are  due. 

"  In  the  last  few  years  the  same  enigma  has  been  approached 
from  another  point  of  view  by  Professor  Mcndeh'efT  The 
periodic  law  which  he  has  discovered  reilects  on  him  all  the 
honor  that  can  be  earned  by  ingenious,  laborious,  and  success 
ful  research,  lie  has  shown  licit  this  perplexing  list  of  ele- 
ments can  be  divided  into  families  of  about  seven,  speaking 
very  roughly;  that  those  families  all  resemble  each  other  in 
this,  that  as  to  weight,  volume,  heat,  and  laws  of  combination 
the  members  of  each  family  arc  ranked  among  themselves  in 
obedience  to  the  same  rule.  Each  family  differs  from  the 
others  ;  but  each  internally  is  constructed  upon  the  same  plan. 
It  was  a  strange  discovery— strangest  of  all  in  its  manifest  de- 
fects. For  in  the  plan  of  his  families  there  were  blanks  left  ; 
places  not  tilled  up  because  the  properly  constituted  elements 
required  according  to  his  theory  had  not  been  found  to  (ill 
them.  For  the  moment  their  absence  seemed  a  weakness  in 
the  professor's  idea,  and  gave  an  arbitrary  aspect  to  his 
scheme.  But  the  weakness  was  turned  into  strength  when,  to 
the  astonishment  of  the  scientific  world,  three  of  the  elements 
which  were  missing  made  their  appearance  in  answer  to  his 
call.  He  had  described  beforehand  the  qualities  they  ought  to 
have  ;  and  gallium,  germanium,  and  scandium,  when  they 
■were  discovered  shortly  after  the  publication  of  his  theory, 
were  found  to  be  duly  clothed  with  the  qualities  he  required 
in  each.  This  remarkable  confirmation  has  left  Mendeleeff 's 
periodic  law  in  an  unassailable  position.  But  it  has  rather 
thickened  than  dissipated  the  mystery  which  hangs  over  the 
elements. 

"  The  discovery  of  these  co-ordinate  families  dimly  points 
to  some  identical  origin,  without  suggesting  the  method  of 
their  genesis  or  the  nature  of  their  common  parentage.  If 
they  were  organic  beings  all  our  difficulties  would  be  solved 
by  muttering  the  comfortable  word  '  evolution  ' — one  of  those 
indefinite  words  from  time  to  time  vouchsafed  to  humanity, 
which  have  the  gift  of  alleviating  so  many  perplexities  and 
masking  so  many  gaps  ih  our  knowledge.  But  the  families  of 
elementary  atoms  do  not  breed  ;  and  we  cannot  therefore 
ascribe  their  ordered  difference  to  accidental  variations  per- 
petuated by  heredity  under  the  influence  of  natural  selection. 
The  rarity  of  iodine,  and  the  abundance  of  its  sister  chlorine, 
cannot  be  attributed  to  the  survival  of  the  fittest  in  the  strug- 
gle for  existence.  We  cannot  account  for  the  minute  differ- 
ence which  persistently  distinguishes  nickel  from  cobalt  by 
ascribing  it  to  the  recent  inheritance  by  one  of  them  of  an  ad- 
vantageous variation  from  the  parent  stock. 

"  The  upshot  is.  that  all  these  successive  triumphs  of  re- 
search, Dal  ton's,  Kirchoff's,  MendelSeff's,  greatly  as  they  have 
allied  to  our  store  of  knowledge,  have  gone  but  little  way  to 
solve  the  problems  which  the  elementary  atoms  have  for  cen- 
turies presented  to  mankind.  What  the  atom  of  each  element 
is,  whether  it  is  a  movement,  or  a  thing,  or  a  vortex,  or  a  point 
having  inertia,  whether  there  is  any  limit  to  its  divisibility, 
anil,  if  so,  how  that  limit  is  imposed,  whether  the  long  list  of 
elements  is  final,  or  whether  any  of  them  have  any  common 
origin— all  these  questions  remain  surrounded  by  a  darkness 
19  profound  as  ever.  The  dream  which  lured  Hie  alchemists 
to  their  tedious  labors,  and  which  may  be  said  to  have  called 
chemistry  into  being,  has  assuredly  not  been  realized,  but  it 
has  not  yet  been  refuted.  The  boundary  of  our  knowledge  in 
this  direction  remains  where  it  was  many  centuries  ago. 

INSCRUTABILITY    OF  Till-:    ETHER. 

"  The  next  discussion  to  which  I  should  look  in  order  to 
find  unsolved  riddles  which  have  hitherto  defied  the  scrutiny 
of  science  would  be  the  question  of  what  is  called  the  ether. 
The  ether  occupies  a  highly  anomalous  position  in  the  world 
of  science.  It  may  be  described  as  a  half-discovered  entity. 
I  dare  not  use  any  less  pedantic  woid  than  entity  to  designate 
it,  for  it  would  be  a  great  exaggeration  of  our  knowledge  if  I 
were  to  speak  of  it  as  a  body  or  even  as  a  substance.  When, 
nearly  a  century  ago,  Young  and  Fresnel  discovered  that  the 
motions  of  an  incandescent  particle  were  conveyed  to  our 
eyes  by  undulation,  it  followed  that  between  our  eyes  and  the 
particle  there  must  be  something  to  undulate.  In  order  to 
furnish  that  something  the  notion  of  the  ether  was  conceived, 


and  for  more  than  two  generations  the  main,  if  not  the  only, 
function  ol  the  word  '  ether  '  has  been  to  furnish  a  nominative 
ease  lo  the  verb  '  to  undulate.'  Lately  our  conception  ol  this 
entity  has  received  a  notable  extension,  (hie  of  the  most  brill- 
iant of  tlii'  services  which  Professor  .Maxwell  has  rendered  to 
science  has  been  the  discovery  that  the  figure  which  expressed 
the  velocity  of  light  also  expressed  the  multiplier  required  to 
change  the  measure  of  static  or  passive  electricity  into  that  of 
dynamic  or  active  electricity.  The  interpretation  reasonably 
affixed  to  this  discovery  is  that,  as  light  and  the  electric  im- 
pulse move  approximately  at  the  sunn-  rate  through  space,  it 
is  probable  that  the  undulations  which  convey  them  are  undu- 
lations of  the  same  medium.  And  as  induced  electricity  pene- 
trates through  everything,  or  nearly  everything,  it  follows 
that  the  ether  through  which  its  undulations  are  propagated 
must  pervade  all  space,  whether  empty  or  full,  whether  occu- 
pied by  opaque  matter  or  transparent  matter,  or  by  no  matter 
at  all.  The  attractive  experiments  by  which  the  late  Profes- 
sor Berz  illustrated  the  electric  vibrations  of  the  ether  will  only 
lie  alluded  to  by  me,  in  order  that  I  may  express  the  regret 
deeply  ami  generally  felt  that  death  should  have  terminated 
prematurely  the  scientific  career  which  had  begun  with  such 
brilliant  promise  and  such  fruitful  achievements.  But  the 
mystery  of  the  ether,  though  it  has  been  made  more  fascinat- 
ing by  these  discoveries,  remains  even  more  inscrutable  than 
before.  Of  this  all-pervading  entity  we  know  absolutely  noth- 
ing except  this  one  fact.  that,  it  can  be  made  lo  undulate. 
Whether,  outside  the  influence  of  matter  on  the  motion  of  its 
waves,  ether  has  any  effect  «>n  matter  or  matter  upon  it,  is 
absolutely  unknown.  And  even  its  solitary  function  of  undu- 
lating ether  performs  in  an  abnormal  fashion  which  has  caused 
infinite  perplexity.  All  fluids  that  we  know  transmit  any 
blow  they  have  received  by  waves  which  undulate  backward 
and  forward  In  the  path  of  their  own  advance.  The  ether  un- 
dulates athwart  the  path  of  the  wave's  advance.  The  genius 
of  Lord  Kelvin  has  recently  discovered  what  he  terms  a  labile 
state  of  equilibrium,  in  which  a  fluid  that  is  infinite  in  its  ex- 
tent may  exist,  and  may  undulate  in  this  eccentric  fashion 
without  outraging  the  laws  of  mathematics.  I  am  no  mathe- 
matician, and  I  cannot  judge  whether  this  reconciliation  of  the 
action  of  the  ether  with  mechanical  law  is  to  be  looked  upon 
as  a  permanent  solution  of  the  question,  or  is  only  what  diplo- 
matists call  a  modus  Vivendi.  In  any  case  it  leaves  our  knowl- 
edge of  the  ether  in  a  very  rudimentary  condition.  It  has  no 
kuown  qualities  except  one,  and  that  quality  is  in  the  highest 
degree  anomalous  and  inscrutable.  The  extended  conception 
which  enables  us  to  recognize  ethereal  waves  in  the  vibrations 
of  electricity  has  added  infinite  attraction  to  the  study  of  those 
waves,  but  it  carries  its  own  difficulties  with  it.  It  is  not  easy 
to  fit  in  the  theory  of  electrical  ether  waves  with  the  phe- 
nomena of  positive  and  negative  electricity,  and  as  to  the  true 
significance  and  cause  of  those  counteracting  and  comple- 
mentary forces,  to  which  we  give  the  provisional  names  of 
negative  and  positive,  we  know  about  as  much  now  as  Frank- 
lin knew  a  century  and  a  half  ago." 


TWO   TYPES   OF    LOCOMOTIVES   FOR   BRAZIL. 


Tim  Brooks  Locomotive  Works  are  just  completing  an 
order  fur  On  locomotives  fur  the  Brazil  Central  Railway 
(Estrada  de  Fhi'o  Central  do  Brazil).  Two  types  of  locomo- 
tives are  used  in  filling  the  order,  and  these  are  well  shown  in 
the  accompanying  engravings  taken  from  photographs.  The 
larger  engine  is  of  the  Mastodon  type,  and  has  cylinders  21  in. 
in  diameter  with  a  piston  stroke  of  20  in.  The  drivers  are 
."il  in.  in  diameter,  on  it  in.  axles.  The  inside  diameter  of  the 
smallest  boiler  ring  is  lis:  in.  The  shell  is  made  of  steel  ] ,!  in. 
thick.  The  lire  box  is  '.)  ft.  0  in.  long  and  3  ft.  21  in.  wide  in- 
side the  mud  ring,  and  is  of  a  modified  Bclpaire  type.  The 
lines  arc  curved  in  accordance  with  an  improved  design  of 
Mr.  John  Player's,  the  mechanical  engineer  for  the  company. 
Both  the  wagon  top  and  crown  sheet  are  arched,  and  radial 
slays  are  used.  It  is  somewhat  unusual  for  American  buildeis 
to  use  copper  for  the  lire  boxes,  but  that  metal  has  been  used 
in  these  engines,  the  tube  sheet  being  ];!  in.  thick  and  the 
fire-box  |,'  in. 

The  estimated  weight  of  the  engine  in  working  order  is 
1Tb. nun  lbs.,  of  which  30,000  lbs.  is  on  the  truck  and  140,000 
lbs.  on  the  drivers.  The  total  weightrof  the  engine  and  lender 
is  put  at  252.000  lbs. 

The  engine  is  somewhat  more  highly  finished  than  American 
locomotives  of  the  present  day,  and  has  a  considerable  quan- 
tity of  brasswork  and  bright  paint.  Brass  casings  are  used 
on  the  sand-box,  dome,  Bteam-chestS  and  cylinders,  and  the 
same  metal  is  used  for  the  bands  of  the  boiler  lagging,  as  well 
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as  the  edges  of  the  headlight  stand  and  running  hoards.  Two 
brass  bands  encircle  the  stack,  and  the  handrails  are  brass 
tubing.  Green  is  the  color  used  on  all  painted  portions  of  the 
engine  and  tender,  and  this  is  relieved  by  gold-leaf  stripiDgs. 

The  buffers  at  the  front  end  are  hinged,  so  that  they  can  be 
folded  back  when  not  in  use. 

The  engine  is  equipped  with  the  Le  Chatelier  water-brake, 
as  well  as  with  the  latest  designs  of  Westinghouse  air-brake 
and  the  American  driver-brake. 


air  brake,  the  pump  for  winch  is  placed  on  the  left-hand  side 
of  the  boiler  at  the  back  end  of  the  shell.  The  American 
Brake  Company's  horizontal  type  of  locomotive  brake  is  also 
used. 

A  special  feature  of  these  engines  lies  in  the  use  of  the 
Pintsch  gas  headlights.  The  locomotives,  being  double  enders, 
are  equipped  with  two  20-in.  headlights,  supplied  with  a 
powerful  Argand  burner,  one  headlight  being  located  above 
the  smoke-arch  and  one  on  top  of  the  tender  tank.     The  signal 
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It  is  intended  that  two  firemen  shall  be  employed,  and  they 
are  protected  from  the  weather  by  the  hood  projecting  over 
the  gangway,  as  shown. 

The  other  locomotive  illustrated  is  of  the  suburban  type  of 
modified  Forney  design.  The  cylinders  are  18  in.  in  diam- 
eter, with  a  piston  stroke  of  24  in.  The  drivers  are  62  in.  in 
diameter  ;  the  inside  diameter  of  the  smallest  boiler  ring  is 
58  in.,  and  the  fire-box  is  8  ft.  0  in.  long  and  3  ft.  24  in.  wide 
inside  the  mini  ring      The  total  estimated  weight  of  the  en- 


lights,  of  which  there  are  four,  are  also  arranged  for  burning 
gas,  and  the  cab  is  illuminated  by  a  small  Pintsch  lamp,  pro- 
tected by  a  metal-covered  globe,  a  slot  in  which  permits  the 
light  to  shine  only  on  the  faces  of  the  gauges.  The  gas  sup- 
ply is  carried  in  a  tank  hung  below  the  cab  floor  between  the 
side  frames  that  carry  the  tender. 

Recent  tests  of  the  efficiency  of  these  headlights  in  the 
Hoboken  yards  of  the  Delaware,  Lackawanna  &  Western  Kail- 
road  gave  excellent  results.     The  application  of  Pintsch  gas 
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gine^in  working  order  is  176,000  lbs  ,  distributed  as  follows  : 
on  the  two-wheeled  engine  truck,  16,000  lbs.;  on  the  six- 
wheeled  truck.  50,000  lbs.;  and  on  the  drivers,  110,000  lbs. 

It  will  be  seen  from  the  engraving  that  the  boiler  of  this 
engine  is  of  the  wagon-top  type.  Both  engines  are  fitted  with 
pumps  for  feeding  the  boiler.  A  peculiarity  of  the  cab  is  the 
monitor  roof  and  side  lights  in  the  upper  deck,  that  has  an  ex- 
ternal appearance  somewhat  resembling  passenger-car  con- 
struction.    These  engines  are  equipped  with  the  Westinghouse 


to  locomotive  signals  and  headlights  is;  not  new,  for  it  has 
been  used  in  Europe  and  South  America  for  several  years  with 
excellent  results. 

Attention  has  frequently  been  called,  in  the  pages  of  the 
American  Engineer,  to  the  dangerous  construction  of  the 
ordinary  type  of  steps  that  are  used  on  the  engines  and  ten- 
ders of  American  locomotives  ;  and  while  we  cannot  be  cited 
as  being  over  partial  to  the  English  locomotive,  we  have  ad- 
vocated that  the  steps  used  on  them  were  far'superior  to  OUT 
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own.  It  is  with  pleasure  that  we  note  the  broad  and  well-pro- 
tected step  on  the  tender  of  the  Mastodon  locomotive,  as  show- 
ing that  it  is  at  least  possible  to  have  a  safe  step  on  an  Ameri- 
can locomotive.  These  engines  are,  perhaps,  the  most  notable 
examples  of  engine  construction  that  have  been  turned  cut  of 
American  shops  during  the  current  year,  and  we  shall  await 
reports  of  their  performances  in  the  southern  country  with 
great  interest. 


BROWN'S  BICYCLETTE  ELECTRIC  CAR. 


Last  month  we  published  extracts  and  descriptions  taken 
from  an  American  patent  granted  to  Mr.  Charles  Brown,  of 
Basle,  Switzerland,  for  a  novel  plan  for  electric  cars.  The 
engravings  herewith  are  made  from  the  working  drawings, 
for  which  we  are  indebted  to  him.  As  persons  who  are 
familiar  with  patent  drawings  know,  they  seldom  represent 
the  construction  of  mechanism  in  the  complete  form  which  it 
must  assume  before  it  is  perfected.  The  drawings  herewith 
show  the  design  of  the  car  as  it  has  been  constructed,  and 
which  possesses  some  very  novel  features.  At  the  risk  of  re- 
peating what  was  published  last  month,  some  description  will 
here  be  given  in  order  to  make  the  construction  of  the  car  and 
the  engravings  understood. 

The  car,  as  will  be 
seen,  has  eight  wheels. 
These  are  attached  to 
four  independent 
truck  frames,  the  two 
wheels  in  tandem,  on 
each  side  of  each  group 
of  four,  being  mount- 
ed on  separate  frames, 
having  jointed  con- 
nections with  the  car 
body,  whereby  each 
pair  of  such  wheels  are 
permitted  to  adapt 
themselves  in  position 
to  curves  and  vertical 
irregularities  in  the 
track,  independently 
of  the  other  wheels. 
Each  tandem  frame  is 
provided  with  an  in- 
dependent motor. 
This  is  located  be- 
tween the  two  tandem 
wheels,  with  which  it 
is  connected  by  suita- 
ble gearing.  The  mo- 
tor and  gearing  con- 
necting it  with  the 
wheels  are  enclosed  in 
a  casing  which  forms 
a  portion  of  the  tan- 
dem frame. 

In  the  drawing  F  F     - 
are  the  wheels  and  A  A 
their  frames,  with  cas- 
ings M  M  for  the  elec- 
tric motors,  of  which 
B,  in  fig.  4,  is  a  field 
magnet,    C  an   armature, 
Lpon   the   inner   end  of 
a  pinion.  W,  which 
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FIG.  4. 


BROW.VS  BICYCLETTE   CAB. 


C1  the  collector  or  commutator, 
each  armature  shaft  S  is  mounted 
gears  into  wheels  if  if  on  shafts  *  s.  On 
the  inner  ends  of  these  shafts  and  the  axles  of  the  wheels  F  F 
sprocket  wheels  T  T  and  t  t  are  mounted,  which  are  connected 
by  chain  belts  V  Y,  shown  by  dotted  lines  in  the  left-hand 
truck  of  fig.  1.  The  manner  in  which  the  motion  of  the  motor 
is  thereby  communicated  to  the  wheels  F  F\s  obvious. 

The  outer  portion  of  the  tandem  frames  at  the  middle  of 
its  upper  side  carries  what  may  be  called  a  cylindrical  plunger, 
fig.  3,  which  is  pivotally  connected  to  the  frame  by  a  pin,  p  p, 
so  that  the  frame  can  vibrate  vertically  about  this  pin.  The 
plunger  fits  into  a  corresponding  case.  Q,  attached  to  the 
body  frame,  and  can  turn  in  it  about  its  vertical  axis.  The 
tandem  frames  have,  therefore,  a  universal  movement  verti- 
cally about  the  pin  p,  and  horizontally  about  the  axis  of  the 
plunger  Q.  Suitable  spiral  springs  are  contained  in  the 
plunger,  as  shown  in  the  sectional  view  in  tig.  3,  which  sup- 
port the  weight  of  the  car  body.  Each  pair  of  tandem  frames 
are  connected  together  by  a  tie-bar,  R,  which  is  attached  to 
the  frames  at  each  end  by  a  universal  joint,  so  that  it  and  the 
frames  can  adjust  themselves  to  any  position. 


Of  this  car  Mr.  Brown  says  :  "  If  accumulator  traction  is 
to  come  up,  this  will,  I  hope,  help  materially,  as  it  must  reduce 
the  power  consumed  to  a  minimum,  and  this  is  all-important 
in  accumulator  traction,  as  the  power  in  store  is  a  fixed  quan- 
tity. This  car  is  furnished,  moreover,  with  a  very  convenient 
place  for  the  batteries  under  the  car  body,  between  the  fore 
and  aft  bicyclettes — the  place  under  the  seats  is  very  incon- 
venient, and  damages  the  construction  of  the  car  very  seri- 
ously. The  bicyclette  permits  the  construction  of  cars  of 
any  size  or  capacity,  and  the  tendency  just  now  is  in  the 
direction  of  larger  cars.  The  use  of  Hyatt's  bearings  would 
also  reduce  the  amount  of  power  consumed  by  at  least,  I 
should  say,  25  per  cent. 

"  From*  a  constructive  point  of  view  the  four  bicyclettes  are 
absolutely  identical,  and  can  be  manufactured  in  numbers  at 
a  low  figure,  and  they  are  entirely  irrespective  of  the  car  they 
are  to  serve  under.  If  any  one  becomes  defective,  it  can  be 
replaced  in  a  few  minutes  without  disturbing  the  three  others. 
Further,  the  platform  is  only  2  ft.  from  rail-level,  a  great 
■  facility  for  entering  and  leaving  the  car,  saving  time  and  pre- 
venting accidents. 

"  The  wheels  are  much  smaller  in  diameter  than  is  the  case 
with  the  American  motor  cars,  being  only  20  in.  instead  of 
32  in.  or  34  in.,  hence  much  less  tendency  to  jump  the  track. 

"  The  rail-joints  (the  damage  to  the  rail-joints  is  very  seri- 
ous with  the  heavy  motor  ears)  would  suffer  less  than  with 
the  two-axled  cars,  these  being  only  one-half  the  load  on  each 
wheel  in  the  case  of  the  bicyclette,  and  thus  there  is  the  soft- 
ening action  of  the  bogie,  as  the  car  body  is  only  lifted  one- 
half  so  high  in  going  over  an  obstacle  on  the  rails,  thus  reduc- 
ing the  force  of  the  blow  to  one-fourth  of  that  in  the  case  of 
the  two-axled  cars. 

"  The  power  required  will  not  exceed  one-half  that  now 
used.  This  is  a  very  important  point  in  the  case  of  accumu- 
lator cars.  I  hope  to  be  able  to  run  a  whole  day  with  one 
charge.' ' 


RUSSIAN  ENGINEERING  NOTES. 


A  corresposdext  in  Siberia  has  sent  us  the  following 
notes  relative  to  the  engineering  work  that  is  being  done  in  the 
Russian  Empire.  Railroad  work  is  the  predominating  fea- 
ture, though  the  government  is  fast  adding  to  its  effective 
navy,  as  evidenced  by  the  new  vessel  which  we  illustrate, 
andwliich  is  being  built  at  St.  Petersburg. 

A  Connection  of  the  Pacific  with  the  Arctic  Ocean. — 
The  Committee  of  the  Siberian  Railroad,  presided  over  by  the 
successor  to  the  throne,  the  Czarewitch  Nicolas,  has  made  an 
appropriation  for  survey  for  a  new  railway  from  Perm  to 
Kotlas,  which  is,  however,  located  in  European  Russia,  but 
will  soon  be  connected  with  the  Great  Siberian  Railway  sys- 
tem. The  survey  for  this  line  is  under  the  control  of  a  com- 
mission of  four  members  :  two  from  the  Ministry  of  Finance 
and  two  from  the  new  Ministry  of  Agriculture,  presided  over 
by  a  member  from  the  Ministry  of  Way  Communications, 
Mr.  Tolmacheff,  C.E.  The  new  railway  starting  from  Perm, 
the  actual  terminus  of  the  Oural  Railway,  which  is  to  be  con- 
nected with  the  Siberian  Railroad  by  a  branch  from  Ekaterin- 
boorg  to  Chelabinsk.  now  in  course  of  construction,  will  run 
westerly  to  Yiatka,  and  thence  northwesterly  to  Kotlas  near 
the  junction  of  the  Nichehda  with  the  North  Dwina.  the  latter 
river  being  an  old  waterway  to  Archangel,  the  oldest  Russian 
harbor  on  the  White  Sea.  The  Perm-Kotlas  Line,  in  connect- 
ing Siberian  Railroad  with  the  White  Sea,  will  put  the  Pacific 
indirect  communication  with  the  Arctic  Ocean. 

A  New  Connection  with  the  White  Sea. — While  the 
principal  seaports  for  Russian  foreign  traffic  as  well  as  for  its 
navy  are  still  upon  the  Baltic,  that  body  of  water  is  becoming 
more  and  more  an  inland  sea  of  the  German  Empire,  and  this 
will  be  especially  the  case  when  the  North  Sea  fleet  can  act 
with  the  Baltic  fleet  by  way  of  the  North  Sea-Baltic  ship 
canal.  For  this  reason  the  Russian  Government  and  the  com- 
mercial public  are  turning  their  attention  to  the  White  Sea. 
and  Archangel  as  a  seaport,  which  from  the  fifteenth  century 
was  the  principal  outlet  for  Russian  traffic,  and  has  lost  its 
importance  only  since  the  eighteenth  century.  As  a  result  of 
this  the  Moskova-Yaroslar-Yologla  Railroad  Company  vwhose 
gauge  is  3  ft.  6  in.)  has  received  a  grant  to  extend  its  line  to 
Astrakhan,  forming  the  Vologda- Astrakhan  Division.  The 
surveys  and  location  were  made  last  summer. 

The  Proposed  Extension  of  the  Transcaspian  Railroad. 
— The  Transcaspian  Railroad,  slatting  at  Ouzoun  Ada,  on  the 
Caspian  Sea,  crossing  the  Amou-Daria  with  a  timber  bridge, 
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and  going  through  Bokhara  to  Samarkand  (an  ancient  capital 
of  Timotir),  896  miles  long,  is  now  to  be  extended  into  the 
heart  of  the  produciug  country  of  the  Fergana  territory.  A 
party  in  charge  of  Mr.  Sakhanski,  C.K.,  has  been  sent  to  Rus- 
sian Turkestan  to  survey  the  country  in  three  directions  : 
1.  Samarkand-Djisak-Begorat,  on  Siv-Daria  River;  2.  Andi- 
janMarghelan-Knkand-liegonit ;  8.  Tashkent-Regorat.  When 
the  survey  and  location  are  completed  the  construction  of  a 
main  line  from  Samarkand  to  Begorat  will  be  commenced. 
It  is  expected  that  the  actual  construction  will  begin  in  from 
two  and  one- half  to  three  years. 

The  Russian  Commercial  Fleet. — The  Russian  Custom 
Department  has  just  published  a  "  List  of  Steamers  of  the 
Russian  Commercial  Fleet"  as  it  stood  on  January  1,  1894. 
According  to  this  list  the  fleet  in  outside  seas  consists  of  203 
steamers,  the  total  tonnage  of  which  is  109,872  tons.  These 
steamers  are  distributed  as  follows  :  In  the  Black  Sea,  146 
steamers  with  a  tonnage  of  89,100  ;  in  the  Baltic  Sea,  48 
steamers  with  a  tonnage  of  18,690  ;  and  in  the  White  Sea, 
9  steamers  whose  tounage  is  1,992.     Of  all  the  203  steamers, 


middle  section  of  the  hull  is  Hat  and  has  two  steel  bilge  keels, 
so  as  to  secure  greater  stability.  The  bow  and  stern  are  both 
sharp,  the  former  being  provided  with  a  cast-steel  ram,  ex- 
tending 6  ft.  beyond  the  deck  line.  While  the  stern  is  sharp 
at  the  water-line,  it  rounds  out  at  the  upper  deck,  forming  a 
protected  space  for  the  rudder  and  propellers.  The  great 
bow  and  stern  pieces  were  ordered  from  England.  Their 
weight  is  30  tons.  The  stern  piece  is  cast  in  one  piece,  and 
encloses  with  the  rudder-post,  pivots  and  frame.  The  height 
of  the  deck  above  the  water  is  not  great,  being  about  10  ft., 
so  that,  in  order  to  protect  the  fore  turret  from  inundations 
when  going  against  the  wind  and  waves,  a  sickle-formed  cut- 
water is  adopted.  Concerning  the  general  construction  and 
particulars  of  the  hull,  this  new  armored  ship  is  quite  analo- 
gous to  the  English  armored  ships  Nile  and  Trafalgar.  The 
dimensions  for  a  coast  defense  ship  are  large  :  Extreme  length, 
283  ft.  6  in  :  length  on  water-line,  278  ft.,  and  length  between 
perpendiculars,  364  ft.  ;  breadth  on  water  line,  52  ft.  ;  mean 
draft,  17  ft.  ;  displacement,  4,126  tons.  The  armored  defense 
consists  of  steel  and  iron  plates  distributed  in  the  hull  in  the 
following  manner  :  The  belt,  8  ft.  broad,  runs  one-third  the 
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only  39,  or  20  per  cent,  of  the  whole,  have  been  built  in 
Russia.  There  are  in  addition  to  these,  in  the  Caspian  Sea, 
123  commercial  steamers,  having  a  tonnage  of  53,559,  of  which 
.">:',  steamers,  or  43  per  cent,  of  the  whole,  have  been  built  in 

Russia. 

The  New  Russian  Armored  Ship  "  Admiral  Seniavin." 
— The  Russian  Baltic  armored  fleet  was  increased  in  July  by 
the  launching  of  a  new  two-turret,  coast-defense  armored 
ship,  the  Admiral  S,  niacin,  illustrated  by  the  accompanying 
engraving.  The  hull  was  built  at  the  government  works  of 
tlic  (Tew  Admiralty,  at  St.  Petersburg.  The  first  keel-plate 
was  riveted  in  the  yard  in  July,  1892.  The  official  inaugura 
tion  of  works  was  in  April,  1893,  when  550  tons  of  steel  had 
been  received,  the  whole  weight  of  the  hull  being  1,500  tons. 
The  hull  is  built  according  to  the  drawings  of  Mr.  Ooulaief, 
engineer,  and  under  the  superintendence  of  Mr.  Yakovleu, 
engineer.  The  construction  has  occupied  more  than  23 
months,  much  more  than  the  construction  of  the  sister  armored 
ship.  Admiral  Uxhakor,  at  the  Baltic  Works,  in  St.  Peters- 
burg, which  with  the  engine  took  only  15  months.  The  hull 
of  Admiral  Seniavin  is  made  from  the  Siemens-Martin  mild 
steel,  furnished  to  the  Admiralty  by  the  Izhova  Works,  and 
was  previously  tested.  The  double  bottom  consists  of  160 
compartments  in  the  submerged  part  ;  in  addition  to  these 
there  are  one  longitudinal  and  eight  transversal  bulkheads  car- 
ried up  to  the  armored  deck.  There  are  three  decks,  the  lower 
of  which  is  of  steel,  all  being  flat  and  without  camber.     The 


length  of  the  water-line,  and  extends  3  ft.  above  it  ;  the  ex- 
tremities of  the  belt  are  joined  by  transverse  belts  of  the  same 
thickness  ;  a  convex  steel  deck  is  built  in  along  the  lower 
edge  of  the  belt,  and  extends  throughout  the  whole  length  of 
the  hull,  thus  protecting  the  "  vital  parts"  of  the  ship  from 
vertical  fire.  The  openings  of  the  boiler  and  engine  compart- 
ments are  protected  by  armor  ;  the  artillery  is  also  protected, 
the  10-in.  guns  being  placed  in  the  turret.  For  protecting 
the  commanding  officer  an  armored  conning  tower  is  located 
forward  on  the  upper  works.  The  greatest  thickness  of  the 
armor  in  tin-  middle  of  the  belt,  in  turrets  and  conning  tower, 
is  10  in.  The  armor  plates  were  made  at  the  government 
works  of  Izhova  and  Oboukhov.  The  armament  of  the  ship 
consists  of  30  guns  of  various  sizes  and  designs.  Four  10  in. 
40-caliber  guns  are  placed  in  two  armored,  revolving  turrets, 
which,  for  reduction  of  weight,  are  oval-shaped.  That  por- 
tion of  the  turret  that  drops  below  the  upper  deck  is  cylindri- 
cal and  set  on  an  armored  tube  containing  the  ammunition 
hoist  for  the  turret.  Four  rapid-fire  guns,  of  the  newly 
adopted  Canet  system,  are  placed  in  the  citadel  between  the 
turrets.  The  angle  of  fire  of  each  of  these  guns  is  more  than 
90°  forward  or  aft  of  the  broadside,  according  to  its  location, 
so  that  each  pair  can  fire  direct  ahead  or  astern.  Twenty 
small  rapid-fire  guns  of  the  Hotchkiss  system,  47-87  milli- 
meters, and  two  Baranov  guns  of  2^  in.,  are  placed  on  the  main 
deck.  The  torpedo  armament  consists  of  four  torpedo  tubes, 
two  torpedo  launches,  a  set  of  protecting  nets,  and  two  Mangin 
electric  searchlights,  one  on  the  conning  tower  and  one  on 
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the  mast.  There  are  two  separate  triple-expansion  engines 
built  by  the  English  firm  of  Messrs.  Maudslay  &  Field. 
Steam  is  furnished  by  four  double  water  tube.  Belville  boilers, 
carrying  a  working  pressure  of  130  lbs.  per  square  inch.  The 
indicated  H.P.  developed  by  both  engines  will  be  4,250,  and 
the  speed  of  the  ship  will  be  from  16  to  IT  knots.  The  coal 
bunkers  will  carry  220  toDS,  but  this  stock  can  be  increased 
by  ISO  tons  more.  The  ventilators  of  boiler  and  engine-room- 
are  grated.  There  are  10  auxiliary  boats,  two  of  which  are 
steam  launches,  and  two  bow  anchors  of  Martin's  system. 
There  is  only  one  mast.     The  ship  is  registered  as  a  first-class 

vessel. 

♦ 

THE   BALTIMORE  &  OHIO  S  BELT  LINE. 


The  work  on  the  electrical  plant  being  erected  to  haul  the 
trains  of  the  Baltimore  ifc  Ohio  Railroad  through  the  Belt  Line 
tunnel  is  being  pushed  to  an  early  completion.  The  locomo- 
tives are  finished,  and  the  machinery  to  generate  the  electricity 
is  complete  and  ready  for  erection,  and  the  power-house  is  well 
underway,  and  it  is  fully  expected  that  before  January  1, 1895, 
trains  will  be  hauled  through  the  brilliantly  lighted  tunnel  by 
powerful  electric  locomotives.  The  locomotives  consist  of  two 
trucks,  each  truck  having  two  axles,  and  on  each  axle  is  mount- 
ed a  300- H.P.  motor.  The  motors  are  gearless,  and  are  sup- 
ported on  springs  resting  on  the  frames  of  the  locomotive  truck. 
This  method  of  suspension  leaves  the  wheels  free  to  adjust 
themselves  to  the  irregularities  of  the  roadbed,  and  consequent- 
ly tends  to  diminish  the  wear  of  both  tracks  and  motors.  The 
motor  field*  are  of  iron-clad  type,  having  each  separate  wing- 


tenths  of  one  per  cent.  ;  then  the  steam  locomotive  is  also  put 
to  work,  and  the  two  of  them  pull  the  train  up  the  steeper  grade 
to  Huntington  Avenue,  where  the  electric  motor  is  detached. 
For  passenger  work  the  electric  motor  will  be  coupled  to  the 
train  at  the  lower  or  Lombard  Street  Station,  and  will  be  de- 
tached at  the  upper  or  Bolton  Street  Station. 

As  there  will  he  no  smoke  in  the  tunnel,  it  will  be  possible 
to  paint  its  interior  white  ;  and  as  it.  will  be  illuminated  by 
about  2.000  incandescent  lamps,  it  will  not  be  necessary  to  light 
the  lamps  in  the  cars.  The  difference  in  comfort  between  the 
present  plan  of  a  smoky  locomotive  and  a  dark  tunnel  with 
the  cars  lighted  by  a  few  lamps,  as  compared  with  this  plan, 
where  there  is  no  smoke,  and  where  there  will  be  brilliant  out- 
side illumination,  can  be  easily  imagined. 

The  overhead  work  necessary  to  generate  the  electric  current 
to  the  locomotives  has  been  specially  designed,  and  will  at  once 
be  erected.  It  is  expected  that  the  whole  plant  will  be  in 
operation  by  the  middle  of  November  or  December  1,  when 
trains  will  be  regularly  run  through  the  tunnel.  Professor 
Louis  Duncan,  of  the  Johns  Hopkins,  is  the  Electrical  Engi- 
neer for  the  Baltimore  &  Ohio. 


CHINESE  RAILROADS. 


TKUC'K   OF  ELECTRIC   LOCOMOTIVE  FOR  THE  BALTIMORE  &   OHIO  BELT  LINE. 


ings  imbedded  in  a  mica  lines  slot  cut  into  the  curved  body  of 
the  laminated  iron  armature.  The  axles  of  the  locomotive 
pass  through  the  hollow  shaft  on  which  the  armatures  are 
mounted.  These  shafts  rest  on  the  bearings  of  the  motor 
frame,  and  are  connected  to  the  axles  by  universal  couplings, 
which  allow  of  freedom  of  motion  in  all  directions.  There  are 
four  sets  of  brushes  to  each  commutator.  The  motors  are  con- 
trolled by  means  of  series  of  paralleled  controllers  set  up  in 
the  interior  of  the  cab.  The  truck,  suspended  from  journal 
boxes,  is  to  be  constructed  of  heavy  beams,  which  will  form 
the  foundation  for  the  locomotive  cab,  which  is  of  sheet  iron, 
of  symmetrical  design,  and  so  curved  off  as  to  diminish  the  at- 
mospheric resistance  as  far  as  possible.  The  interior  is  to  be 
finished  in  hard  wood,  with  two  sliding  doors  at  each  side  of 
cab,  and  windows  so  arranged  as  to  permit  an  unobstructed 
view  in  all  directions.  There  will  be  ample  snace  in  the  cab 
for  the  motormans  movements,  and  will  afford  him  consider 
ably  better  protection  than  that  usually  vouchsafed  the  steam 
locomotive  engineer. 

The  drawing  shown  herewith  is  one  of  the  two  trucks,  and 
it  will  be  seen  that  when  finished  the  complete  locomotive  will 
be  an  exceedimrlv  massive  piece  of  machinery,  weighing  at 
least  100  tons  of  1,200  H.P.  traction.  It  is  fitted  with  air 
brakes,  the  air  being  compressed  by  a  small  auxiliary  motor  in 
the  cab.  The  electrical  air  compressor  will  also  operate  the 
whittle.  The  regulation  is  such  that  the  speed  can  be  varied 
from  nothing  up  to  35  or  40  miles  per  hour,  and  this  can  be  in- 
creased if  desired.  For  the  work  contemplated,  however,  30 
miles  per  hour  will'probablv  be  the  maximum. 

The  locomotives  are  to  be  used  in  this  way  :  If  a  freight 
train  is  to  be  pushed  through  the  tunnel,  the  motor  switches 
behind  the  train  and  couples  to  it  without  stopping.  It  then 
pushes  it  steadily  from  the  Camden  Street  end  of  the  tunnel  to 
the  portal  at  Mount  Royal  Avenue,  up  a  grade  of  about  eight- 


The  dale  of  the  first  appearance  of  railroads  in  the  Celestial 
Empire  is  in  1863  and  1864.  At  this  time  an  Englishman,  Sir 
Macdonald  Stevenson,  brought  forward  a  project  which  came 
to  no  effect,  in  spite  of  the  efforts  of  its  promoters,  for  the 

formation  of  a  company  for 
the  purpose  of  building 
railroads  and  large  ware- 
houses. Matters  remained 
in  stiit  11  ijmi  until  1873, 
when  the  King  of  Bel- 
gium and  the  Duke  of  Suth- 
erland combined  in  the 
formation  of  the  Wo-sung 
Railroad  Company.  The  cir- 
cumstances which  brought 
the  final  disaster  to  the  com- 
pany constituted  a  curious 
passage  in  the  history  of 
railroads,  and  are  worth  re- 
calling. 

Traffic  between  Shanghai 

—  and    Wo-sung,    which    are 

—  about  9J  miles  apart,  is  very 
important,  and  for  a  long 
time  the  necessity  had  been 
felt  for  providing  means  for 

transportation  that  would  be  more  rapid  than  bj*  river. 

The  promoters  of  the  company  after  long  negotiations 
secured  a  permit  to  build  a  road  between  Shanghai  and  Wo- 
sung,  and  profiting  by  this  authorization,  they  built  the  road 
along  the  surveyed  route.  In  the  presence  of  this  somewhat 
slight  stretching  of  the  actual  permit,  the  Chinese  officials  held 
themselves  aloof,  neither  approving  nor  disapproving.  The 
line  was,  therefore,  built  in  the  midst  of  a  thousand  difficul- 
ties, due  to  the  hostilities  of  the  populace.  The  gauge  of  the 
road  was  2|  ft.,  and  the  locomotives  weighed  about  33,000  lbs. 
The  line  was  opened  on  July  1,  1875,  but  during  the  month 
of  August  a  Chinaman  was  run  over  by  the  train  and  killed. 
This  accident  decided  the  fate  of  the  company,  for  the  Chinese 
officials,  who  were  only  wailing  for  an  opportunity  to  inter- 
fere, said  :  "  We  gave  you  the  permission  to  build  a  road, 
but  there  is  nothing  in  it  regarding  rails,  and  your  iron  demons 
certainly  cannot  remain.  You  must  not  kill  our  people,  and 
it  is  clear  that  such  an  accident  which  has  just  occurred  must 
not  be  renewed."  The  company  nevertheless  continued  opera- 
tions for  about  a  year,  but  it  was  finally  compelled  to  yield 
and  take  up  its  rails,  which,  strange  to  relate,  were  utilized  in 
the  construction  of  the  important  line  which  was  authorized 
to  be  built  in  the  Islaud  of  Formosa. 

The  second  attempt  was  made  10  years  later,  and  the  theater 
of  its  operations  was  at  the  coal  mines  of  Kai-Ping,  in  the 
Province  of  Pe-Chi-Li.  The  cost  of  transportation  of  coal 
from  these  mines  was  very  high,  in  consequence  of  the  neces- 
sity of  hauling  it  in  native  wagons  from  the  mine  to  the  river. 
The  engineers  of  the  mine  had  been  contemplaling  the  substi- 
tution of  a  railroad  for  this  primitive  method  of  transportation 
for  a  long  time,  but  the  experience  of  the  Wo-sung  Company 
was  not  of  such  a  nature  as  to  encourage  the  trial.  Fortu- 
nately the  viceroy  of  the  province,  Li  Hung  Chang,  was  favor- 
ably disposed  toward  European  ideas.     They  therefore  con- 
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structed  the  locomotive  by  piecemeal,  which  was  set  up  at  the 
mine  ;  at  the  same  time  ttiey  laid  rails  and  replaced  the  wagons 
by  lorry  cars,  and  on  one  fine  day  the  Viceroy  was  invited  to 
inspect  this  new  method  of  transportation.  Li  Hung  Chang 
accepted  the  invitation,  and  was  present  with  a  numerous 
suite.  They  showed  him  the  locomotive  named  the  Rocket  of 
China,  and  finally  succeeded  in  getting  him  aboard  of  it.  The 
engine  thus  made  its  first  trip  of  13f  miles,  going  and  return- 
ing with  the  Viceroy  aboard.  On  his  return  the  latter  pub- 
licly expressed  his  satisfaction.  His  example  was  eagerly  fol- 
lowed, and  the  Rocket  at  once  became  popular.  The  cause 
was  gained. 

Thanks  to  this  success  the  company  soon  obtained  the  fran- 
chise to  extend  its  line  to  the  sea.  On  this  extension  a  track 
of  4  ft.  8i  in.  gauge  was  laid.  The  capital  was  furnished  by 
the  promoters  and  the  Chinese  manufacturers,  who  were  con- 
tented with  the  indirect  benefits  which  the  new  line  gave  them 
for  their  dividend. 


^w^ 


END   ELEVATION  AND   SECTION  OF  POLING  CAR,   NEW  TORE, 
LAKE  ERIE  &  WESTERN  RAILROAD. 

The  government  in  turn  furnished  the  necessary  funds  for 
the  construction  of  au  extension  reaching  to  Lan-Chow  toward 
the  north,  and  Tien-Tsiu  toward  the  west,  and  it  was  not  long 
before  it  took  complete  control  of  the  whole  line.  The  mat- 
ter of  extending  the  line  from  Tieu-Tsiii  to  Pekiu  was  also 
taken  up,  but  the  project  was  overwhelmed  by  great  political 
and  finaucial  difficulties. 

However  that  may  be,  works  were  set  up  at  Tong-ku.  near 
the  port  of  Ta-ku,  for  discharging  cars  directly  into  the  ships, 
and  between  Ton  ku  and  Tien-Tsin.  The  10'lling  stock  con- 
sists of  English  express  locomotives  weighing  60  to  70  tons. 

The  line  between  Tien-Tsin  and  its  western  terminus,  Shang- 
Kwan,  has  a  good  passenger  traffic,  and  carries  a  large  quan- 
tity of  merchandise,  which  could  be  only  transported  at  the  ex- 
pense of  great  labor  in  spriugless  wagons  or  on  the  backs  of 
animals.  There  is  no  further  opposition,  and  new  extensions 
are  received  everywhere  with  favor.  For  all  earth- work  the 
Chinese  workmen  are  well  adapted,   but  up  to  the  present 


time  the  engineers  and  machinists  are  English,  the  firemen 
are  recruited  from  among  the  Chinese,  and  the  matter  of 
making  engine-drivers  of  them  is  under  consideration.  It  is 
probable  that  before  long  the  staff  will  be  European,  probably 
English,  for  the  business  is  exclusively  in  their  hands,  and 
thev  have  the  full  control  at  Tai-Ping. — Commerce. 


POLING  CAR,  NEW  YORK.  LAKE  ERIE  &  WEST 
ERN  RAILROAD. 


In  making  up  trains  where  cars  are  run  into  a  number  of 
sidings,  in  station  order,  it  is  frequently  necessary  that  they 
should  be  pushed  into  position  by  a  locomotive"  running  on 
another  track  from  that  upon  which  the  car  itself  is  traveling  ; 
when  such  cases  arise  it  has  been  customary  to  use  a  heavy 
stick  of  timber,  which  the  brakeman  places  against  the  front 
bumper  of  the  locomotive  and  against  the  car,  it  acting  as  a 
strut  or  thrust  piece  to  push  the  car.  When  the  locomotive 
stopped,  this  naturally  fell  to  the  groimd,  and  caused  more  or 
less  trouble,  with  an  occasional  derailment,  on  account  of  its 
falling  across  the  rails  in  front  of  the  locomotive. 

The  Xew  York,  Lake  Erie  &  Western  Railroad  have  re- 
cently completed,  at  their  shops  at  Susquehanna,  a  poling  car, 
whose  construction  is  shown  in  our  accompanying  engrav- 
ing. This  car  is  now  in  use  in  the  Jersey  City  yards  for  the 
purpose  which  we  have  outlined.  The  car  itself  is  of  very 
heavy  construction  :  the  outside  sills  are  14  in.  deep  and  5  in. 
wide,  in  order  that  they  may  have  sufficient  strength  to  stand 
the  thrust  of  the  pole,  which  is  hinged  directly  on  them  ;  the 
end  sills  are  also  particularly  heavy,  being  8|  in.  wide  by  14 
in.  in  depth  ;  the  body  bolsters  are  of  the  composite  type,  con- 
sisting of  two  pieces  of  3i-in.  X  6i-in.  limbers,  of  a  central 
piece  of  5i  in.  X  6i  in.,  and  two  plates  of  J  in.  X  6  in.  iron 
laid  between  ;  the  draft  rigging  is  of  the  Graham  design  with 
Master  Car  Builders'  standard  coupler,  as  shown  in  the  engrav- 
ing. The  car  is  equipped  with  air  brakes  in  which  the  3,000 
lbs.  of  pressure  is  available  in  the  brake  cylinders,  giving  a 
total  braking  power  of  35,000  lbs. 

It  will  be  noticed  from  the  car  section  that  there  is  a  filling 
piece  between  the  center  sills.  There  is  a  double  floor,  the 
lower  one  being  laid  on  the  top  of  the  8-in.  sills,  which  are  the 
intermediate  and  center  sills  ;  this  floor  is  1J  in.  thick  ;  on  top 
of  this  there  is  another  set  of  intermediate  and  center  sills 
4j  in.  high  by  3  in.  thick,  and  on  this  the  main  floor  of 
l|-in.  flooring  is  laid  diagonally. 

A  railing  extends  around  the  car  to  protect  the  workmen 
from  being  thrown  off  by  sudden  jerks  and  jars  to  which  they 
are  subjected.  The  tool-box  is  located  at  one  end,  and  the  pole 
is  hinged,  as  we  have  already  said,  to  the  outside  sills  directly 
in  the  center.  The  method  of  operating  the  pole  will  be 
readily  understood  from  the  engraving  ;  it  has  a  free  up-and- 
down  motion  about  the  pivotal  point,  where  the  eye  at  the 
heel  is  rounded  to  allow  of  a  vertical  motion  ;  the  outer  end 
is  swung  from  a  counterweiglited  lever  as  shown.  The  man 
in  charge  raises  or  depresses  the  end  of  the  lever,  and  pulls  it 
in  01  out  to  adjust  the  point  of  the  pole  to  the  car  to  be  pushed, 
and  then,  of  course,  has  nothing  to  do  but  stand  ready  to 
check  the  weight  as  the  engine  slows  down  and  the  pushed  car 
recedes. 

A  similar  car,  but  of  somewhat  different  construction,  is  also 
in  use  at  the  Packerton  yards  of  the  Lehigh  Valley  Railroad 
for  pushing  the  coal  cars  to  their  proper  places  after  they  have 
run  over  the  weighing  scales. 


EIGHT-WHEELS  COUPLED  COMPOUND  WEBBS 
SYSTEMi  COAL  ENGINE,  LONDON  &  NORTH- 
WESTERN RAILWAY. 


About  the  end  of  1802  Mr.  F.  W.  Webb,  Chief  .Mechanical 
Engineer  of  the  London  &  Northwestern  Railway,  designed 
and  built  a  simple  eight-coupled  coal  engine  for  heavy  miner- 
al and  goods  traffic,  and  a  few  months  subsequently  he  turned 
out  a  similar  engine  on  his  compound  principle,  and  of  which 
we  give  an  illustration  on  page  516. 

It  will  be  noticed  from  the  illustration,  and  also  from  the 
particulars  given  below,  that  the  boiler  of  the  compound  en- 
gine is  of  the  ordinary  type,  and  not  of  Mr.  Webb's  patent 
combustion  chamber  type,  with  which  the  simple  engine  was 
fitted. 

All  three  cylindeis  work  on  to  the  same  axle,  which  is  built  up 
of  three  pieces  after  the  style  of  a  marine  crauk  shaft,  the  mid- 
dle throw  being  of  cast  steel. 
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Mr.  Webb  decided,  in  order  to  determine  the  relative  ad- 
vantages and  suitability  of  compound  r«.  simple  engines  for 
working  mineral  and  ordinary  goods  traffic,  to  test  these  two 
engines  as  nearly  as  possible  under  identical  conditions.  The 
trials  were  made  on  April  1  last,  and  by  the  courtesy  of  Mr. 
Webb  we  are  able  to  publish  the  following  particulars  of  them  : 

Two  trains  were  used,  composed  of  loaded  coal  wagons  and 
the  necessary  brake-vans,  which  were  all  carefully  weighed 
previous  to  the  trials.  Xo.  1  train  consisted  of  one  dynamome- 
ter car,  52  loaded  wagons  and  three  brake-vans — total  weight, 
695  tons,  IB  cwts.  2  qrs.  14  lbs.  Xo.  2  train  was  made  up  in 
the  same  way,  except  that  in  the  place  of  the  dynamometer 
car  a  loaded  wagon  was  added,  equal  to  the  weight  of  the  car 
— the  total  weight  of  this  train  being  690  tons,  16  cwts.  1  qr. 
21  lbs.  These  weights  in  both  cases  are  exclusive  of  engine 
and  tender. 

In  carrying  out  the  trials,  both  trains  were  marshaled  side 
by  side  on  the  main  line  opposite  to  the  South  Junction  signal- 
box  at  Crewe,  the  engines  were  then  attached— the  compound 
engine  to  Xo.  1  train  with  the  dynamometer  car  and  the  non- 
compound  engine  to  Xo.  2  train,  each  engine  having  the  same 
amount  of  fire  in  the  box,  the  same  height  of  water  in  the 
boiler  and  steam  up  to  full  working  pressure,  160  lbs.  and  175 
lbs.  respectively. 

Both  trains  were  started  and  ran  side  by  side  to  Stafford, 
instructions  having  been  previously  given  to  the  drivers  to 
keep  the  engines  level  with  each  other.  On  arriving  at  Stafford 
the  engines  were  turned  and  re-attached  to  their  respective 
trains,  which  they  worked  back  to  Crewe,  side  by  side,  as  be- 
fore. The  engines  were  then  changed  from  one  train  to  the 
other,  and  two  more  trips  run  to  Stafford  and  back  in  exactly 
the  same  way  as  the  two  previous  ones,  so  that  all  the  condi- 
tions of  working  were  the  same  for  both  engines.  The  coal 
used,  which  was  "  South  Wales,"  was  carefully  weighed,  that 
for  "  lighting  up"  and  raising  steam  being  kept  separate  from 
that  which  was  used  during  the  different  trips,  the  latter  for 
convenience  being  put  into  bags  weighing  84  lbs.  each.  Every 
care  was  taken  to  insure  the  perfect  accuracy  of  all  the  par- 
ticulars taken  during  each  trip,  an  assistant  being  stationed  on 
each  engine  to  take  the  steam  pressures,  measure  the  quantity 
of  water  used,  and  note  the  number  of  bags  of  coal  used. 
Indicator  diagrams  were  taken  simultaneously  on  each  engine 
at  intervals  going  up  the  banks  on  all  the  trips,  and  the  pull 
on  the  engine  draw-bar  and  the  speeds  were  accurately  regis- 
tered in  the  dynamometer  car. 

At  the  end  of  the  trials  only  a  small  fire  was  in  each  of  the 
fire-boxes,  the  water  level  in  the  boibrs  being  the  same  as  at 
the  start. 

Appended  is  a  detail  statement  showing  speeds,  coal  con- 
sumption, weight  of  trains,  etc.  : 


Componnd 

Engine. 

Distance  between  centers  of  whe^  -  5'  9' 

Total  wheel  base 17'  3' 

Valve  rear                                                             '  HP- link  motion  i 

valvegear j  L.P.Webb's     ( 

Boiler: 

Length  of  barrel l.V  6" 

Length  between  tnbe  plates 13  4'. 

Mean  diameter  of  barrel 4'  3' 

Height  of  ere.  line  from  rail 7' 10J^' 

Number  of  tubes ill) 

Diameter  of  tubes;  ontside 1*$* 

Work,  press.,  lbs.  per  sq.  in 175 

Firebox 114.7sq.ft. 

Tubes 1,3743     " 

Combustion  chamber 

Total  1.4S9.0sq.  ft. 

Grate  area - 20.5  sq  ft. 

Ratio  of  grate  area  to  heating  surface. . .  1 :  72.6 


Simple 
Engine. 

5-9- 

17' 3- 
Joy's 


15' 6' 
10"  and  8' 

4  r 

7'  10^' 
156 

2H- 
160 


1147 
I  701.4 

',  419  4 

39.1 

1.871.6 


20.5  sq.  ft. 
1  :  02.2 


Maximum  iceight  of  engine  in  working  order  : 

Tong.  cwt.  qrs.  Tons,  cwt.  qrs. 

On  the  leading  wheels 12      10     0  11       1       0 

'■     driving  wheels  14        8      0  14        4        0 

"    "    intermediate  wheels 12      14     0  13      10       0 

'•    "    trailing  wheels 9      13     0  10       2       0 

Total 49       5     0  49      10       0 

Common  to  both  engines  : 

Capacity  of  tender 2000  galls. 

Weight  of  tender 28  tons,  12  cwt.,  0  qrs. 

Total  length  ot  engine 34'    4* 

"       "         •■      "      and  tender 51'    9j£- 

— Railiray  Bngi 

«• 

THE   LABOR  QUESTION. 


At  the  annual  Trades  L'nion  CongTess,  held  in  Xorwich, 
England,  the  following  resolution  with  regard  to  technical 
education  was  adopted  : 

"  That  this  Congress,  while  admitting  that  great  and  good 
work  has  been  and  is  still  being  done  by  the  establishment  of 
technical  classes  in  various  localities  throughout  the  UniUd 
Kingdom,  with  a  view  of  assisting  in  the  better  education  of 
our  handicraft  and  artisan  workpeople,  is  of  opinion  that  no 
others  than  apprentices  and  workpeople  who  are  working  at 


Summary  of  Results. 


Mean  weight  of  train,  including  engine  and  tender 

excluding      "       "         '"      

Ratio  of  weight  of  engine  and  tender  to  weight  of  train. 

Number  of  axles  in  train 

Mean  speed 

Maximum  speed 

Total  length  of  fonr  trips 

Weight  of  coal  charged  in  fire-box  for  lighting  np  and  raising  steam 

Weight  of  coal  consumed  on  trips 

Total  weight  of  coal  consumed  including  steam  raising 

Consumption  of  coal,  exclnding  steam  raising 

"  "     "     including       "         "      . 

Total  quantity  of  water  evaporated 

Water  evaporated  per  lb.  of  coal,  excluding  steam  raising 

"  "  "  "         including       "        "       

Total  number  of  ton  miles  including  weight  of  engine  and  tender 

'"       "     "      '•      excluding      "       '       "        

Consumption  of  coal  per  mile  per  ton  of  train,  weight  of  engine  and  tender  inclnded  : 

(a)  Exclnding  raising  of  steam 

(//•Including        "  " .     .. 

Consumption  of  coal  per  mile  per  ton  of  train,  weight  of  engine  and  tender  excluded  : 

Excluding  raising  of  steam 

'/1  Including       "  "        

Maximum  pull  on  draw-bar  at  starting 

■*  "     "         "         while  running 

Highest  indicated  H.P.  developed. 

Steepest  Gradient 


Engine  2"24. 

Engine  50. 

Economy  %  of 

Non-compound. 

Compound. 

the  Componnd. 

-."  tons 

767.565  tons 

693.25    " 

691.715     •• 

1  to  9. 17 

1  to  9.13 

120 

120 

17.74  m.  per  honr 

17.74  m.  per  hour 

34 

34 

96  miles 

96  miles 

9c.  lq.  31bs. 

9c.  lq.  31bs. 

2t.  12c.  Oq.  Olbs. 

It.  19c.  3q.  lOlbs. 

23-38 

3t.  lc.  lq   31bs. 

2t.  9c.  Oq.  131bs. 

1'.-  -4  1 

60.66  lbs.  per  mile 

46  48  lbs.  per  mile 

.    -: 

71.49 

57.3 

19.84 

5,152  gallons 

4.112.5  gallons 

24.5 

9.36  lbs. 

9.21  lbs. 

7.94     ' 

7.47     " 

73.S09  6 

73.6*>  24 

66.552.0 

66,404.64 

1  262  oz. 

.969  oz. 

23.2 

1  4-7  oz. 

1.194  oz. 

I9.7J 

14  oz. 

1.075  oz. 

232 

1  65 

1325oz. 

19.7 

10.75  tons 

11.5  tons 

7.25  tons 

6.6  tong 

6086 

656 

1  in  177 

Xole  — The  slight  difl'erence  in  the  mean  weight  of  the  two  trains  was  caused  by  several  wagons  in  one  of  them  having  to  be  removed  at  the  end  of 
the  second  trip  (Stafford  to  Crewe)  owing  to  hot  axles,  and  fresh  wagons  pnt  in  their  places.  On  being  weighed  subsequently  the  fresh  wagons  were 
found  to  be  rather  lighter  than  those  which  had  been  taken  off. 


The  most  important  particulars  of  the  two  engines  are  as 
follows  : 

Compound  Simple 

Engine.  Engine. 

Two  H.P.  cylinders l.V   •  21*  1  ,„,,. 

One  L.P.  cylinder 30-  x  21    |  lJ*        "' 

Wheels— diameter 4'  5"^'  4'  5H' 


the  various  trades  taught  should  be  allowed  to  attend  such 
classes." 

It  seems  almost  inconceivable  that  any  body  of  men  outside 
of  an  asylum  should  think  that  such  a  resolution  could,  at  the 
present  stage  of  the  world's  history,  be  enforced.  It  appar- 
ently means  that  no  parent  could  send  bis  son  to  attend  a  trade 
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school  unless  he  is  first  indentured  as  an  apprentice.  The 
trades  unions  limit  the  number  of  apprentices  lo  be  taken  by 
employers,  and  then  say,  "  You  shan't  go  to  a  trade  school 
unless  you  are  an  apprentice  ;  and  we  won't  allow  you  to  be- 
come one."  That  would  be  the  worst  kind  of  tyranny,  and 
should  be  resisted  even  by  fighting  against  it  if  need  be. 

A  NATIONAL   FREE   LABOR   ASSOCIATION. 

An  association  with  this  title  has  been  organized  in  Eng- 
land, the  semi-annual  report  of  which  has  recently  been  issued, 
which  explains  that  the  objects  of  the  organization  are  :  (1)  to 
maintain  freedom  of  labor  ;  (2)  to  stop  senseless  strikes,  and 
(3)  to  improve  the  relations  between  employers  and  employed. 
Hence  the  true  aim  of  the  association  is  "  to  protect  the  gen- 
eral body  of  labor  from  the  tyranny  and  dictation  of  socialistic 
trade-union  leaders."  "  For  some  time  it  has  been  evident," 
write  the  Executive  Committee  of  the  association,  "  that  the 
methods  adopted  by  the  new  trade-union  leaders  were  effectu- 
ally alienating  public  sympathy  and  creating  a  powerful  cur- 
rent of  adverse  popular  sentiment  ;  and,  encouraged  by  these 
signs,  the  victims  of  oppression  have  plucked  up  courage  and 
are  banding  themselves  together  in  their  own  defense. '  That  is 
the  meaning  of  the  National  Free  Labor  Association.  It  seeks 
not  to  break  up  trade  unionism,  but  to  protect  workmen  against 
the  instruments  by  which  the  trade-union  leaders  have  striven 
to  force  unionism  upon  men  who  preferred  to  be  without  it ;  and 
we  know  that  our  protest  will  not  be  offered  in  vain.  To  trade 
unionists  the  National  Free  Labor  Association  is  a  grave  symp- 
tom. It  would  be  serious  if  it  were  the  revolt  of  a  minority, 
but  it  becomes  ominous  when  it  is  remembered  that  it  is  the 
revolt  of  a  majority.  Suppose,  now,  that  free  labor,  being 
united,  should  wipe  off  old  scores  in  trade  union  coin.  Sup- 
pose, for  instance,  non-unionists  should  decline  to  work  in  this 
factory  or  in  that  shipyard  until  all  unionist  labor  had  been 
cleared  out  ;  what  would  be  the  position  of  the  minority  then? 
We  are  far  from  wishing  to  impute  unworthy  motives  to  the 
men  who  have  used  against  their  fellows  a  weapon  which  ex- 
perience has  invariably  proved  to  be  double-edged.  On  the 
contrary,  we  are  sure  that  the  more  honest  labor  leaders  were 
animated  by  the  best  intentions  ;  but  they  pursued  a  policy 
which  was  not  only  unjust  to  those  who  disagreed  with  them, 
but  which  was  actually  destructive  to  the  cause  they  were  de- 
sirous of  advancing.  Wishing  to  secure  better  terms  for  labor, 
they  have  only  succeeded  in  driving  capital  into  combination 
and  free  labor  into  a  defensive  and  defiant  organization." 

The  Executive  Committee  claim  that  they  are  able  to  look 
back  with  considerable  satisfaction  on  the  labor  of  the  past  six 
months.  During  that  period  the  pecessity  for  the  existence  of 
such  an  organization  has  again  been  demonstrated,  perhaps 
more  clearly  than  ever  before,  because  "on  five  separate  occa- 
sions a  deliberate  attempt  has  been  made  by  certain  sections  of 
the  labor  party  to  crush  out  of  existence  or  to  starve  into  sub- 
mission those  bodies  of  workmen  who  have  hitherto  preferred 
to  remain  outside  of  the  movement  known  as  the  new  trade 
unionism."  But  for  the  existence  of  an  organization  of  this 
kind  "  the  views  of  non  union  labor  on  each  of  those  occasions 
would  have  been  absolutely  unrepresented,  and  the  interests 
of  the  very  large  majority  of  workmen  would  have  been  sacri- 
ficed to  the  demands  of  the  socialist  leaders,  who  now  claim 
to  represent  the  trade-unionist  workmen  of  this  country." 
There  are  now  many  organized  bodies  of  non-union  workmen 
scattered  throughout  the  country,  such  as  the  employes  of  the 
London  &  Northwestern  Railway  Company,  of  the  Elswick 
Works,  of  the  South  Metropolitan  (las  Company,  and  many 
others  ;  but  there  has  hitherto  not  been  any  central  association 
or  organization  which  represents  the  views  and  guards  the  in- 
terests of  non-union  and  free  labor  generally,  and  to  perform 
this  work,  so  much  needed,  is  the  sole  aim  of  the  executive  of 
the  association.  The  committee  are  of  opinion  that  "  the  con- 
flict between  capital  and  labor  has  by  no  means  reached  its 
climax  yet,  for  recent  troubles  in  America  point  to  develop- 
ments in  strike  warfare  which  this  country  has  fortunately  not 
attained  to  :  but  if  masters  will  only  act  unitedly,  and  stand 
by  one  another,  as  the  federated  trade  unions  are  now  doing, 
and,  above  all,  if  they  will  support  and  protect  from  injury 
those  of  their  employes  who  are  totally  at  variance  with  the 
present  policy  of  the  new  trade  unionism,  we  feel  certain  that 
the  party  which  depends  for  its  forces  upon  intimidation,  class 
hatred,  and  violence  will  receive  a  complete  overthrow,  for 
the  great  bulk  of  the  working  classes  are  completely  sick  of 
the  meddlesomeness  and  tyranny  which  characterize  the  trade- 
union  officials  of  the  present  day." 

The  report  finally  refers  to  the  action  taken  by  the  execu- 
tive to  resist  the  proposal  of  the  London  Trades  Council  that 
the  Metropolitan  Asylums  Board  should  insert  in  every  build- 
ing contract  given  out  by  them  a  clause  preventing  the  em- 
ployment of  non-union  workmen.     After  hearing  a  deputation 


from  the  association,  the  Board,  by  a  majority  of  12,  rejected 
the  trade-union  suggestion.  "This,  again,"  the  committee 
state,  "  is  a  striking  instance  of  the  impertinent  proposals  now 
emanating  from  the  trade-union  leaders,  and  of  the  need  to  be 
constantly  on  the  watch,  lest  on  such  occasions  the  interests  of 
non-unionists  should  be  entirely  overlooked.  It  also  proves 
that  free  labor  has  generally  the  best  of  the  argument  when 
the  matters  in  dispute  are  arbitrated  upon  by  a  fearless  and 
impartial  tribunal." 

SUCCESSFUL   CONCILIATION. 

A  remarkable  agreement  has  just  been  effected  between  the 
Tyne,  Wear,  Tees  and  Hartlepool  ship-builders  and  the  execu- 
tive council  of  the  Boiler-makers'  and  Iron  and  Steel  Ship- 
builders' Society,  one  of  the  most  important  trade  unions  in 
Great  Britain.  In  respect  to  wages,  it  sets  forth  that  no  gen- 
eral alteration  shall  be  made  until  after  6  calendar  months  have 
elapsed  from  the  date  of  the  last  alteration,  and  no  single 
alteration  can  exceed  5  per  cent.  Four  weeks'  notice  in  writ- 
ing is  to  be  given.  Previous  to  such  notice  being  given  by 
either  side,  a  request  for  a  meeting  between  the  associated  em- 
ployers and  the  Boiler-makers'  Society  must  be  given  by  the 
party  intending  to  give  notice  ;  this  meeting  to  be  held  within 
14  days  after  the  receipt  of  the  request.  Failing  agreement 
during  the  month's  notice,  the  notice  may  be  extended  to  any 
time  not  exceeding  another  mouth,  if  acceptable  to  both  par- 
ties ;  but,  whatever  the  settlement  may  be.  the  advance  or  re- 
duction (if  any)  will  begin  from  the  expiration  of  the  first 
month's  notice.  Should  a  settlement  not  be  effected,  the  ques- 
tion may  be  dealt  with  as  may  seem  best.  Sectional  or  indi- 
vidual disputes,  in  the  first  instance,  are  to  be  referred  to  the 
society's  officials  and  the  employer  or  his  representatives.  If 
any  dispute  takes  place  respecting  the  price  of  work,  the  job 
is  to  be  proceeded  with  as  on  piece,  and,  whatever  the  price 
may  be  when  the  dispute  is  settled,  the  same  will  be  paid  from 
the  beginning  of  the  job.  Failing  a  settlement  by  ordinary 
means,  the  terms  of  settlement  are  to  be  adjusted  by  a  com- 
mittee representing  employers  and  the  Boiler-makers'  and  Iron 
and  Steel  Ship-builders'  Society  within  14  days.  Power  is  also 
given  to  each  side  to  ask  for  a  revision  of  rates  in  certain  con- 
tingencies, and  it  is  stipulated  that  work  in  all  cases  shall  be 
proceeded  with  without  interruption  pending  the  settlement  of 
a  dispute,  whether  as  to  prices  or  otherwise.  A  standing  com- 
mittee of  three  on  each  side  (exclusive  of  the  delegate  on  each 
side)  is  to  be  appointed  for  each  river  to  consider  local  dis- 
putes. The  scheme  is  to  be  tried  for  a  period  of  5  years,  to  be 
afterward  terminable  by  0  months'  notice  on  either  side.  The 
result  of  the  voting  by  the  men  upon  these  proposals  was  as 
follows  :  For,  15,950  ;  against,  11,840  ;  majority  for,  4,110. 

ARBITRATION,  COMPULSORY   AND   VOLUNTARY. 

Some  time  ago  the  editor  of  the  New  York  Sun  asked  the 
Indianapolis  Sentinel  how  it  would  like  to  be  forced  to  arbi- 
trate, and  forced  to  accept  the  result,  supposing  that  its  em- 
ployes should  ask  to  have  their  wages  raised  when  it  was  mak- 
ing no  money  or  actually  losing  money  ;  and  the  Sentinel  re- 
plied by  giving  this  form  of  contract  which  it  makes  with  its 
typographical  union  : 

"  Any  and  all  disputes  or  disagreements  that  cannot  be  set- 
tled by  the  parties  directly  concerned  shall  be  referred  to  an 
arbitration  committee  made  up  as  follows  :  One  member  to  be 
chosen  by  the  Sentind  Company,  one  by  the  Indianapolis 
Typographical  Union  No.  1.  If  these  two  thus  chosen  agree, 
their  decision  shall  be  final  ;  if  they  are  unable  to  agree,  then 
they  shall  select  a  third  person  to  act  with  them  in  hearing  and 
determining  the  matter  at  issue.  The  decision  of  a  majority 
of  the  committee  thus  constituted  shall  be  final  and  binding 
upon  all  the  parties  hereto.  Pending  the  deliberations  of  the 
committee  in  the  settlement  of  differences  as  herein  provided 
there  shall  be  no  strike  or  lockout  in  the  Sentinel  office. "_, 

To  this  the  Sun  replied  : 

"  The  Sentinel'*  plan  is  not  compulsory  arbitration,  but  arbi- 
tration by  consent  of  both  parties.  We  are  glad  to  believe  that 
this  arrangement  has  worked  well  in  the  Sentinel  office.  At 
any  moment,  however,  there  may  come  so  radical  a  difference 
between  the  views  of  the  two  parlies,  or  so  one-sided  a  decision 
by  the  arbitrators,  that  the  plan  will  break  down.  Nor  is  :i 
one-sided  decision  necessary  to  produce  that  result.  A  com- 
promising decision  may  make  the  parties  just  as  hot.  Persons 
convinced  of  the  absolute  right  of  their  claim  are  not  necessa- 
rily reconciled  to  getting  one-half  of  it.  .  .  .  Suppose  there 
was  a  system  of  true  compulsory  arbitration,  that  there  weie 
courts  of  arbitration  able  to  enforce  their  decisions  as  United 
States  courts  now  are.  How  long  would  employers  or  woik- 
men  put  up  with  a  system  that  put  the  regulation  of  wages 
and  profits  and  losses  into  the  hands  of  third  persons?  How 
long  could   business  stand  such  a  system  ?    But,  of  course, 
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there  can  be  no  such  thing  under  our  present  form  of  govern- 
ment. As  a  matter  of  fact,  mighty  few  persons  want  such  a 
svstem." 

"  The  editor  of  the  Sun  also  asks,  very  pertinently,  how  an 
unsatisfactory  decision,  either  against  the  employers  or  the 
men,  is  to  be  enforced.  Still  it  is  not  apparent  why  arbitra- 
tion should  not  be  resorted  to  in  cases  in  which  it  will  work 
because  there  are  some  other  imaginary  conditions  in  which  it 
would  not  work. 


CONTRIBUTIONS    TO     PRACTICAL     RAILROAD 
INFORMATION. 


Chemistry  Applied  to  Railroads. 


SECOND   SERIES.— CHEMICAL   METHODS. 


XI. 


-METHOD    OF   DETERMINING    IRON   IN"   COM- 
MERCIAL  SPELTER. 


By  C.  B.  Dcdlet,   Chemist,  and  F.  N.  Pease,  Assistant 
Chemist,  op  the  Pennsylvania  Railroad. 


(Copyright,  1891,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


( Continued  from  page  453.) 


OPERATION. 

Pit  10  grams  of  coarse  borings  or  chips  in  a  beaker  holding 
about300c.c,  andlOOc.c.  of  dilute  sulphuric  acid.  Cover  with 
a  walch  glass  and  allow  to  dissolve.  When  solution  is  complete 
add  100  c.c.  of  distilled  water,  and  then  pass  through  the  Jones 
reductor,  or  its  equivalent,  and  add  through  the  reductor 
about  200  c.c.  more  of  distilled  water.  Then  titrate  in  the  re- 
ductor flask  with  standard  permanganate  of  potash. 

APPAKATCS  AND  REAGENTS. 

The  reductor  shown  in  fig.  1  seems  to  work  equally  as  well 
as  the  more  elaborate  apparatus.  The  cut  is  about  one-fourth 
the  actual  size.  As  will  be  seen,  the  glass  tube  is  tilted  with 
two  rubber  stoppers,  the  top  one  of  which  holds  the  funnel, 
and  the  bottom  one  a  small  tube,  which  tube  also  fits  tightly 
into  the  rubber  stopper  in  the  flask.  Next  to  the  bottom 
stopper  is  a  disk  of  perforated  platinum  ;  then  a  layer  of 
about  i  in.  thick  of  glass  wool  ;  then  a  layer  of  asbestos 
about  I  in.  thick  ;  then  a  layer  of  glass  wool  about  £  in.  thick, 
and  then  the  tube  is  nearly  filled  with  powdered  zinc.  The 
glass  wool  may  be  obtained  from  Bullock  &  Crenshaw,  528 
Arch  Street,  Philadelphia,  Pa.  The  powdered  zinc  used  is 
that  which  will  pass  through  a  20-mesh  sieve,  and  will  not  pass 
through  a  30  mesh  sieve.  It  may  be  obtained  from  Baker  & 
Adamson,  Easton,  Pa. 

The  dilute  sulphuric  acid  is  made  by  adding  20  c.c.  of  C  P. 
sulphuric  acid  1.84  specific  gravity  to  80  c.c.  of  distilled 
water. 

The  permanganate  of  potash  solution  for  titration  is  made 
as  follows  :  To  one  liter  of  water  add  two  grams  of  crystal- 
lized permanganate  of  potash,  and  allow  to  stand  in  the  dark 
not  less  than  a  week  before  using.  Determine  the  value  of 
this  solution  in  terms  of  metallic  iron.  For  this  purpose  150 
to  200  milligrams  of  iron  wire  of  mild  steel  are  dissolved  in 
dilute  sulphuric  acid  [10  c.c.  of  strong  C  P.  acid  to  40  c.c.  of 
water]  in  a  long-necked  flask.  After  solution  is  complete,  boil 
5  to  10  minutes,  then  dilute  to  150  c.c,  pass  the  liquid  through 
the  reductor  and  wash,  making  the  volume  up  to  200  c.c. 
Now  titrate  with  the  permanganate  solution.  It  is  of  course 
essential  that  the  amount  of  iron  in  the  wire  or  soft  steel 
should  be  known.  The  standard  in  use  in  the  Pennsylvania 
Railroad  laboratory  is  a  mild  steel  in  which  the  iron  is  known 
by  determining  carbon,  phosphorus,  silicon,  sulphur,  man- 
ganese and  copper,  and  deducting  the  sum  of  these  from  100 
per  cent.  Not  less  than  two  independent  determinations 
should  be  made,  and  three  are  better.  The  figures  showing 
the  value  of  the  permanganate  solution  in  terms  of  metallic 
iron  should  agree  to  a  hundredth  of  a  milligram  in  the  differ- 
ent determinations.  A  very  satisfactory  method  of  making 
and  keeping  permanganate  of  potash  solution  is  as  follows  : 
Have  a  large  glass  bottle  holding  say  eight  liters,  and  two  of 
half  the  size.  Paint  the  outside  of  these  bottles  with  several 
coats  of  black  varnish  or  paint.  Fill  the  large  bottle  with  the 
standard  solution,  and  after  it  has  stood  a  proper  time  fill  one 
of  the  smaller  bottles  from  it  without  shaking,  and  standard- 
ize, j  At  the  same  time  fill  the  second  small  bottle  and  refill 


the  large  one.  When  the  first  small  bottle  is  exhausted  stand- 
ardize the  second  one  and  fill  the  first  from  the  stock.  When 
this  is  exhausted  standardize  the  first  again  and  fill  the  second 
from  stock,  refilling  again  the  stock  bottle,  and  so  on.  By 
this  means  a  constant  supply  of  sufficiently  matured  perman- 
ganate is  always  available.  Of  course,  if  the  consumption  is 
very  large,  larger  bottles  or  more  of  them  may  be  required. 
Since  changes  "of  temperature  affect  the  volume  of  all  solu- 


tions, it  is  desirable  that  the  permanganate  solution  should  be 
used  at  the  same  temperature  at  which  it  was  standardized. 

CALCULATIONS. 

The  soft  steel  used  in  standardizing  permanganate  of  potash 
solution  in  the  Pennsvlvania  Railroad  laboratory  contains 
99.27  per  cent,  metallic  iron  :  .1498  ;ram  of  this  contains, 
therefore  [.1498  X  •&'-'  im  of  metallic  iron.     This 

requires  42.9  c.c.  permanganate  solution,  or  one  c.c.  of  per- 
manjanatesolutionisequalto[.14~T'  MS4  —  425]  003466 metallic 
iron.  The  number  of  c.c.  of  permanganate  used  multiplied  by 
this  figure  shows  the  amount  of  metallic  iron  in  10  grams  of  the 
zinc,  and  100  grams  or  the  percentage  will  be  10  times  this 
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amount.  This  may  be  briefly  stated  as  follows  :  Multiply  the 
number  of  c.c.  of  permanganate  used  by  the  value  of  one  e.c. 
of  the  permanganate  expressed  in  grams  of  metallic  iron,  and 
then  move  the  decimal  point  of  the  product  one  place  to  the 
right.  The  result  will  be  the  percentage  of  metallic  iron  in 
the  zinc.  Thus,  if  one  c.c.  of  the  permanganate  is  equal  to 
0.003468  gram  of  metallic  iron,  and  2.4  c.c.  are  used,  the  per- 
centage of  iron  in  the  zinc  will  be  [0.03466  X  2.4  =  .008 
0.0831  per  cent. 

NOTES   ANT)   PRECAUTIONS.  ' 

It  will  be  observed  that  this  method  dissolves  the  iron  along 
with  the  zinc  in  sulphuric  acid,  makes  sure  that  the  iron  is  all 
in  the  protoxide  form,  and  frees  the  solution  from  possible  im- 
purities by  passing  it  through  the  reductor,  and  then  measures 
the  amount  of  iron  by  means  of  standard  permanganate  of 
potash. 

It  may  be  thought  that  since  the  iron  goes  into  solution  in 
presence  of  such  a  large  amount  of  metallic  zinc,  it  is  not  es- 
sential to  pass  the  liquid  through  the  reductor.  But  careful 
comparative  tests  indicate  that  even  though  the  zinc  is  dis- 
solved in  a  flask,  with  erery  precaution  to  exclude  the  air.  the 
same  results  are  not  obtained  if  the  reductor  is  not  used.  This 
is  apparently  due  to  metallic  lead  and  possible  traces  of  car- 
bon, which  "the  reductor  removes,  and  which,  if  the  reductor 
is  not  used,  remain  in  the  solution  and  use  up  a  little  per- 
manganate. Filtration  without  the  use  of  the  reductor  is  be- 
lieved not  to  be  as  satisfactory,  on  account  of  danger  of  oxida- 
tion of  some  of  the  iron  by  exposure  to  the  air. 

The  description  and  measurements  given  along  with  the  cut 
will  perhaps  enable  any  one  to  make  a  suitable  reductor  for 
themselves.  If  a  tube  about  1  in.  in  diameter  is  used,  and  the 
powdered  zinc  does  not  reach  to  within  3  or  4  in.  of  the  top. 
the  funnel  and  its  cork  may  be  left  off.  the  liquid  being  pouied 
into  the  tube  direct  from  the  beaker.  In  this  case  the  bub- 
bling difficulty  mentioned  below  does  not  occur.  Of  course 
the  tube  above  the  zinc  not  be  filled  so  full  of  liquid 
that  the  disengaged  hydrogen  bubbles  will  throw  any  of 
it  out.  The  layer  of  asbestos  serves  as  a  filter  and  removes 
from  the  liquid,  as  before  mentioned,  material  that  uses  up 
permanganate.  After  the  reductor  has  been  used  a  little  a 
black  line  at  the  top  of  the  layer  of  asbestos  shows  this  mate- 
rial quite  plainly.  A  reductor  made  of  glass  wool  alone  with- 
out a  filter  in  it  below  the  zinc,  is  apt  to  give  erratic  and  dis- 
cordant results.  There  is  considerable  evidence  that  without 
the  filter  minute  fragments  of  zinc,  so  small  as  to  escape  ready 
detection,  pass  through  the  reductor.  of  course  producing  error 
in  the  subsequent  titrations.  If  the  layer  of  asbestos  is  too 
thick  or  is  packed  too  hard  the  flow  may  be  too  greatly  retard 
ed.  A  hard-packed  layer  of  asbestos  \  in.  thick  makes  a  re- 
ductor almost  unusable  even  with  quite  strong  suction.  It  is 
essential  before  using  the  reductor  to  pass  two  or  three  blanks 
through,  containing  all  the  materials  except  the  substance 
being  analyzed,  and  then  titrate  these  blanks.  The  last  two 
blanks  should  agree  exactly,  and  the  amount  of  permanganate 
used  up  by  the  last  blank  should  be  deducted  from  the  final 
figure  obtained  on  titration  of  the  substance  being  analyzed. 
This  preliminary  preparation  of  the  reductor  is  essential  after 
anew  chaiging  with  powdered  zinc,  and  also  equally  essen- 
tial after  the  reductor  has  stood  idle  even  over  night.  The 
rate  at  which  the  material  passes  through  the  reductor  can  be 
controlled  somewhat  by  the  suction.  The  apparatus  is  very 
efficient,  and  there  seems  little  danger  of  too  rapid  a  rate,  but 
it  is  of  course  essential  that  the  reduction  should  be  complete. 
In  case  of  incomplete  leduction  pass  the  liquid  through  the  re- 
ductor again.  If  the  rate  is  somewhat  slow  and  the  solution 
being  reduced  somewhat  warm,  hydrogen  gas  enough  may  be 
generated  to  throw  some  of  the  liquid  up  against  the  sides  of 
the  tube  above  the  zinc,  and  also  bubble  up  through  the  liquid 
in  the  funnel.  Care  should  be  taken  that  this  latter  does  not 
result  in  loss,  and  that  the  liquid  adhering  to  the  sides  of  the 
tube  is  removed  by  the  subsequent  washing. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 
FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publications  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind. 
and  to  help  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  the  infor- 
mation which  will  help  make  our  list  more  complete  or  correct, 
or  who  will  indicate  the  causes  or  the  cures  for  any  kind  of 
accidents  which  occur,  they  will  not  only  be  doing  us  a  gTeat 


favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  September, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   IN   SEPTEMBER. 

Philadelphia.  Pa.,  September  1.— A  freight  train  on  the 
Philadelphia,  Wilmington  &  Baltimore  Railroad  struck  a  coal 
wagon  at  the  corner  of  Twenty  third  and  Chestnut  streets  this 
morning.  The  train  was  wrecked  and  the  fireman  and  the  en- 
gineer were  badly  injured. 

Halifax,  N.  S..'  September  1. — The  oldest  locomotive  driver 
in  Canada  was  crushed  to  death  at  Westville  to-day  by  the 
wheels  of  his  locomotive. 

Pine  City.  Mich.,  September  2. — A  train  filled  with  fugi- 
tives from  Hinckley  was  burned  near  here  to-day.  Engineer 
Root  remained  on  the  engine,  assisted  by  his  "fireman,  who 
kept  him  soaked  with  water,  and  backed  the  train  away  from 
Hinckley  and  to  a  point  where  the  refugees  were  enabled  to- 
escape.     Both  engineer  and  fireman  are  severely  burned. 

Jersey  City,  N.  J  .  September  2. — Thomas  Fagan,  an  engi- 
neer on" the  Lehigh  Valley  Railroad,  while  switching  cars  on  a 
car  float  this  morning,  was  frightened  by  the  gang  chain,  carry- 
ing one  side  of  the  bridge,  giving  way  ;  he  jumped  from  the 
locomotive,  striking  the  bridge  and  receiving  serious  internal 
injuries. 

Grand  Rapids,  Mich..  September  2. — A  Chicago  &  West 
Michigan  passenger  train  ran  into  a  herd  of  cattle  north  of 
here  to-day.  The  fireman,  John  Kabe,  was  billed  by  being 
crushed  under  the  engine. 

Marquette,  Mich.,  September  3.— A  train  on  the  Milwaukee 
Northern  was  wrecked  near  hereto-day.  Engineer  Fred  Alm- 
quist  was  killed.  The  wreck  was  caused  by  forest  fires  burn- 
ing the  ties  and  warping  the  rails. 

Columbus,  O.,  September  4.— A  runaway  train,  consisting 
of  eight  loaded  coal  C3rs  on  the  Big  Four  Railroad,  ran  into 
and  collided  with  a  Baltimore  &  Ohio  passenger  train  at  Ot- 
tantangy  River  bridge  to-day.  It  is  reported  that  a  fireman 
was  killed.     Engineer  Smallwood  was  severely  injured. 

Utica.  X.  Y..  September  4. — The  bursting  of  a  water  gauge 
on  the  Rome,  Watertown  &  Ogdensburg  Railroad  severely 
scalded  the  engineer,  L.  C.  Allen,  on  the  right  side  of  the  face 
and  neck. 

Wilkesbarre,  Pa.,  September  6. — The  connecting-rod  on  a 
locomotive,  on  the  Lehigh  Valley  Railroad,  of  a  fast  freight 
train  broke  heie  to-day.  Wallace  Reed,  the  fireman,  jumped 
from  the  train,  sustaining  internal  injuries,  which  will  proba- 
bly prove  fatal. 

Arcadia,  Wis.,  September  6.— A  freight  train  on  the  Green 
Bav.  Winona  >fc  St.  Paul  Railroad  ran  into  a  burning  bridge 
north  of  here  to-day  ;  the  bridge  gave  way.  and  the  engine 
with  1*  cars  wus  wrecked.  The  engineer  and  fireman  jumped, 
but  were  slightly  injured. 

Bakersfield,  Cal.,  September  7. — A  collision  occurred  be- 
tween a  passenger  and  freight  train  on  the  Southern  Pacific 
Railroad  at  this  point  this  morning.  One  of  the  firemen  had 
two  ribs  broken,  and  the  other  was  bruised. 

-  unton,  111.,  September  7. — A  freight  train  broke  in  two 
at  this  point  to-day  while  on  a  side  track,  part  of  it  running  on 
to  the  main  line  ;  "this  was  run  into  by  a  fast  mail  train  on  the 
Wabash  Railroad.  Engineer  Flanning  was  severely  scalded 
and  had  his  legs  brokenT  C.  A.  Samms,  fireman,  had  his  foot 
broken  and  was  scalded. 

Bound  Brook.  X.  J.,  September  8. — Daring  a  dense  fog  this 
morning  there  was  a  rear-end  collision  of  a  freight  train  on  the 
CentrarRailroad  of  New  Jersey  at  this  place.  The  engineer, 
Thomas  A.  McQueen,  was  seriously  injured,  if  not  fatally  so. 

Raton,  N.  M..  September  S. — An  express  train  on  the  Atchi- 
son, Topeka  &  Santa  Fe  Railroad  was  ditched  at  Dillon  Junc- 
tion this  afternoon.     Engineer  Pat  Doyle  was  cut  about  the 
head  and  bruised  in  the  hip  and  shoulder.    The  fireman,  Joe 
.en,  was  slightly  bruised  about  the  head  and  body. 
Lock  Haven,  Pa..  September  8. — There  was  a  collision  be- 
tween a  freight  and  work  train  on  the  Philadelphia  «fc  Reading 
-  jad  near  here  to-day.     Engineer  and  fireman  were  billed. 
Barrington.  111.,  September  1). — A  passenger  train  on  the 
Chicago  &  Northwestern  Railroad  ran  into  a  coal  car  at  this 
point  lo-night.     Engineer  Steams  was  injured,  but  not  seri- 
ously.    Firema:  however,  was  instantly  killed. 

Clinton.  111.,  September  8. — A  wreck  occurred  on  the  Terre 
Haute  &  Peoria  Blanch  of  the  Vandalia  Line,  in  which  Engi- 
neer J.  Williams  was  instantly  billed.  Cause  of  the  wreck  was 
cattle  on  the  track. 
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North  Adams,  Mass.,  September  9.— There  was  a  rear-end 
collision  between  two  freight  trains  in  the  Hoosac  Tunnel  to 
night,  in  which  Charles  C.  Clapp,  engineer,  and  Charles  Fraser 
were  seriously  injured  ;  Clapp  being  bruised  about  the  body, 
with  internal  injuries,  and  Fiaser  was  scalded  and  suffered  a 
fracture  of  the  pelvis  ;  his  hands  were  badly  scalded  by  es- 
caping steam  ;  it  is  thought  also  that  his  skull  is  fractured  ; 
it  is  probable  that  he  will  not  recover. 

Fairbury,  111.,  September  9. — A  mail  train  on  the  Wabash 
Railroad  was  ditched  near  America  this  afternoon.  A.  C.  Mil- 
ler, engineer,  was  killed,  and  a  fireman  named  Oilman  re- 
ceived injuries  from  which  he  cannot  recover. 

New  Orleans,  La..  September  9. — An  excursion  train  on  the 
New  Orleans  &  Southern  Railroad  jumped  the  Irack  at  Floris- 
saint  Plantation  to-night  for  some  reason.  The  engineer, 
David  Crawford,  was  fatally  crushed. 

Cliillicothe,  Mo.,  September  10  — A  cattle  train  on  the  Han- 
nibal &  St.  Paul  Railroad  ran  into  a  bull  lying  on  the  track 
Deal  here  to-night.  Engineer  Frank  Worts  was  fatally  in- 
jured ;  he  was  under  his  engine  an  hour  before  he  was  extri- 
cated. 

Baltimore,  Md.,  September  11.— A  collision  occurred  be- 
tween the  express  train  and  yard  engine  on  the  Northern  Cen- 
tral Railroad  at  this  point  to-day.  Engineer  Reed  and  Fire- 
man Rice,  on  the  passenger  train,  were  hurt,  but  not  seriously. 

Cambridgeport.  Mass.,  September  12. — A  collision  took 
place  between  two  contractors'  engines  at  this  point  to-day,  in 
which  one  engineer  got  entaugled  in  the  wreck  and  had  his 
legs  jammed  ;  the  other  engineer  was  cut  about  the  cheek. 

Boston,  Mass.,  September  12  —An  engine  on  the  Old  Colony 
Railroad  ran  through  an  open  drawbridge  near  the  Kneeland 
Street  Station  to  day.  The  engineer  and  fireman  jumped  and 
escaped  with  slight  injuries. 

Duluth,  Minn.,  September  14. — An  ore  train  on  the  Duluth, 
Missabe  &  Northern  Railroad  struck  an  ox  this  side  of  Virginia 
this  morning.  The  fireman,  John  Murphy,  was  slightly  in- 
jured. 

Bessemer,  Mich.,  September  18  — Engineer  John  Kafer  was 
instantly  killed,  and  his  fireman,  Paul  Scheffer,  fatally  injured 
by  the  complete  upsetting  of  a  switch  engine  in  the  Wisconsin 
Central  Railway  yard.  The  accident  was  caused  by  running 
over  a  cow. 

Gorin,  Mo.,  September  18. — An  attempt  was  made  by  rob- 
bers to  hold  up  a  train  on  the  Atchison,  Topeka  &  Santa  Fe 
Railroad  near  here  to-day.  The  robbers  were  repulsed,  but 
not  before  they  had  wounded  Eugineer  Prescott  in  the  shoul- 
der. 

Moberly,  Mo.,  September  18. — An  engine  hauling  an  express 
train  on  the  Wabash  R  dlroad  became  unmanageable  near 
here  to-day  and  ran  away  for  a  considerable  distance  until  it 
was  derailed.  Frank  Keilser,  the  fireman,  was  thrown  from 
the  cab  and  fatally  hurt. 

Redwood,  Cal.,  September  18. — A  passenger  train  on  the 
Southern  Pacific  Railroad  ran  into  a  freight  train  at  Belmont 
this  morning.  The  engineer  of  the  passenger  train  was  badly 
hurt. 

Knoxville.  Tenn.,  September  18.— Thomas  W.  Carter,  an 
engineer  on  the  Knoxville,  Cumberland  Gap  ifc  Louisville 
Road,  fell  off  an  engiue  and  was  instantly  killed  to  day  near 
Lonesome  Valley. 

Philadelphia,  Pa.,  September  1ft.— James  Boyle,  an  engi 
neer  on  the  North  Pennsylvania  Railroad,  was  thrown  from 
his  engine  to-day,  receiving  severe  injuries  about  the  head  and 
legs. 

Harrington,  Del.,  September  20. — The  crown  sheet  of  an 
engine  on  the  Delaware  Railroad  blew  out  here  to  day.  En- 
gineer John  Parsons  and  Fireman  Albert  C.  Dunn  were  scald- 
ed by  escaping  steam  ;  Parsons  also  had  his  left  side  scalded. 

Fraserville,  Ont.,  September  22. — A  Grand  Trunk  freight 
train  was  wrecked  near  here  this  morning.  The  engineer  and 
fireman  were  killed.     Caused  by  a  cow  being  on  the  track. 

Buffalo,  X.  V.,  September  22. — A  collision  occurred  be- 
tween a  freight  train  and  a  derailed  car  two  miles  west  of  this 
city  this  morning.  Fireman  Lampkin  was  considerably  bruised 
about  the  head  and  shoulders. 

Mason  City.  la.,  September  22. — A  collision  occurred  be- 
tween a  freight  train  and  a  runaway  box  car  that  had  been 
blown  on  a  main  line  from  a  side  track  on  the  Chicago,  Mil- 
waukee &  St.  Paul  Railroad  near  Algona  ;  the^fireman,  Charles 
McAldoon,  was  seriously  injured,  and  Engineer  Humphrey 
was  slightly  injured. 

Indianapolis,  Ind.,  September  22. — Charles  Howard,  a  fire- 
man on  the  St.  Louis  Division  of  the  Big  Four  Railroad,  fell 
asleep  on  the  track  near  here  to-day  ;  he  was  struck  by  a  pass- 
ing train  and  killed. 

Sacramento,  Cal.,  September  23. — The  boiler  head  on  a  loco- 
motive of  a  freight  train  on  the  Union  Pacific  Railroad  blew 


out  while  passing  through  the  snow  sheds  to-day.  Engineer 
Warren  Goodard  was  injured,  and  Fireman  Charles  Lipscom 
hurt  so  that  he  died  a  few  hours  after  the  accident. 

Albany,  N.  Y.,  September  24. — C.  Addison  Edwards,  an 
engineer  on  the  New  York  Central  &  Hudson  Uiver  Railroad, 
while  examining  the  eccentrics  of  his  engine,  was  run  over  by 
his  locomotive,  being  struck  by  the  switching  engine.  His 
arm  was  so  badly  crushed  that  it  had  to  be  amputated. 

Wilmington,  Del.,  September  27. — John  Shields,  a  fireman 
on  the  Philadelphia,  Wilmington  &  Delaware  Railroad,  had 
his  hand  severely  cut,  by  thrusting  it  through  the  window  of 
the  cab. 

Hoboken,  N.  J.,  September  28.— Fred  Wyman,  a  fireman 
en  the  Delaware,  Lackawanna  &  Western  Kailroad,  had  his 
legs  cut  off  and  was  otherwise  badly  injured  by  an  engine  ;  he 
jumped  from  one  engine  in  front  of  another  and  was  caught. 

Boston,  Mass.,  September  28. — A  connecting-rod  on  a  loco- 
motive hauling  an  express  train  on  the  New  York,  New 
Haven  it  Hartford  Railroad  broke  this  morning.  Dennis 
Conklin,  the  fireman,  was  injured  by  a  flying  bolt. 

Portland.  Ore.,  September  28.— An  engiue  on  the  Northern 
Pacific  train  backed  off  a  ferry  boat  at  Kalama  to-day.  Peter 
Cramer,  the  fireman,  was  carried  over  with  the  engine  and 
drowned. 

Anderson,  Ind.,  September  29. — A  woman  signaled  a  north- 
bound freight  train  of  the  Michigan  Division  of  the  Big  Four 
Railroad,  warning  them  of  danger  on  the  track  to-day.  The 
engineer,  Crowley,  in  reversing  his  engine  was  severely  in- 
jured. In  throwing  the  reverse  engine  back  it  slipped,  and 
flying  forward  struck  him  a  violent  blow  in  the  side,  breaking 
three  ribs  and  fracturing  two  others. 

Our  report  for  September,  it  will  be  seen,  includes  43  acci- 
dents, in  which  9  engineers  and  11  firemen  were  killed,  and  25 
engineers  and  19  firemen  were  injured.  The  causes  of  the 
accidents  may  be  classified  as  follows  : 

Boiler  explosions 2 

Broken  connecting  rod 2 

Burned  bridge 1 

Bursting  water-glass 1 

Cattle  on  track 7 

Collisions  8 

Cut  in  cab  window 1 

Derailments 3 

Falling  from  engine 2 

Flying  reverse  lever 1 

Forest  fires 2 

Jumping  from  engine 1 

Obstruction  on  t rack 1 

Open  draw  bridge 1 

Runaway  train 4 

Running  off  float 1 

Run  over 4 

Train  robbers 1 

Total 43 

■ ♦ 

PROCEEDINGS  OF  SOCIETIES. 


Engineers'  Club  of  St.  Louis.— The  regular  meeting  was 
held  on  September  19,  at  which  Mr.  E.  A.  Hermann  read  a 
paper  on  Reconstruction  and  Improvement  Work  on  Rail- 
roads. The  paper  was  a  general  resume  of  work  that  must 
necessarily  be  done  in  reconstruction  where  the  original  was 
done  cheaply  or  poorly  executed.  He  calls  attention  to  the  fact 
that  the  improvement  in  rolling  stock  was  usually  in  advance 
of  that  in  the  roadway,  and  that  the  weight  of  locomotives  and 
cars  increase  in  a  much  more  rapid  ratio  than  the  strength  of 
track  and  bridges. 


The  Engineers'  Club  of  St.  Louis. — At  a  meeting  on 
October  3,  Mr.  N.  W.  Eavres  gave  an  informal  talk  on  the 
power  house  of  the  new  llnion  Station  steam  plant.  It  con- 
sists of  four  250  H.  P.  water  tube  boilers  set  with  revolving 
chain  grates  ;  the  latter  cost  $1,000  per  boiler,  and  have 
proved  entirely  satisfactory,  particularly  in  abating  the  smoke. 
Three  compound  engines  and  two  air  compressors  are  used  ; 
the  engines  are  directly  connected  with  the  dynamos,  which 
operate  at  500  volts,  whose  output  is  distributed  by  the  five- 
wire  system,  permitting  the  operation  of  arc  and  incandescent 
lamps  ;  the  compressors  furnish  air  for  the  interlocking.  The 
plant  is  the  largest  in  the  country,  and  240  train  movements 
were  recently  made  in  a  single  hour.  The  station  is  heated 
by  steam  from  this  plant,  the  indirect  system  being  used.  Air 
is  taken  in  at  the  top  of  the  tower  by  two  fans  in  the  subcellar, 
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and  pass  over  steam  coils  ;  each  fan  is  driven  by  a  40-H.P. 
motor  ;  direct  radiation,  however,  is  used  in  the  offices. 


Central  Railway  Club.— At  the  September  meeting  of  the 
Club.  Mr.  R.  H.  Soule  and  Robert  Potts  presented  a  report  on 
car  cleaning,  from  which  we  make  the  following  extract  : 

"  Cars  on  long  runs,  of  say  200  miles  or  over,  on  arrival  at 
terminal  stations  in  summer  or  non-freezing  weather  should  be 
thoroughly  washed  off  on  the  outside  with  clear,  cold  water. 
For  such  washing  an  arrangement  consisting  of  a  hollow  han- 
dle attached  to  a  perforated  brush  head,  through  which  a  stream 
of  water  is  applied  simultaneous  with  the  rubbing  of  brush, 
for  use  where  hose  connections  are  available,  has  been  recom- 
mended to  the  committee  as  superior  to  the  common  car  wash 
brash  generally  used.  Where  bucket  and  brush  is  used  care 
should  be  taken  to  renew  the  water  before  it  becomes  gritty 
through  successive  dippings  of  the  brush.  The  hand  rails  and 
door  knobs  should  be  wiped  clean,  the  other  parts  of  car  body 
being  not  wiped,  but  merely  washed  thoroughly  as  above. 
The  trucks  should  also  be  wiped  on  the  outside,  and  other 
parts  that  can  be  reached  without  going  under  the  trucks.  In 
freezing  weather  the  cars  should  be  cleaned  on  the  outside  by 
dry  wiping  exclusively.  Xo  injury  to  varnish  will  occur 
under  this  process,  and  a  better  appearance  will  be  attained 
than  by  the  use  of  warm  water.  In  addition  to  the  ordinary 
wishings  at  end  of  trips,  the  practice  on  one  road  is  to  give  to 
the  cars  at  intervals  of  three  months  each,  between  soppings, 
a  thorough  cleaning  with  Perfection  Car  Cleaner  diluted  with 
water,  according  to  condition  of  car.  This  compound,  how- 
ever,  is  absolutely  non-injurious  to  varnish,  whether  used  in 
full  strength  or  diluted,  and  may  be  applied  by  unskilled 
labor  with  perfect  safety  and  with  most  gratifying  results. 
The  cleaner  is  applied  with  an  ordinary  car  wash  brush,  and 
if  the  corners  of  the  battens  or  bottoms  of  panels  are  especially 
dirty,  a  two  or  four-row  car  scrub  is  used.  Cars  cleaned  under 
this  process  come  out  almost  as  good  as  new  on  the  outside, 
leaving  the  gloss  on  the  varnish  unimpaired.  On  the  arrival  of 
a  car  the  first  duty  is  the  care  of  the  lamps,  if  it  is  so  equipped. 
Lamps  should  be  cleaned  and  wicks  and  oil  applied,  the  latter 
of  300  tire  test.  If  the  car  is  equipped  with  gas,  the  globes 
should  not  be  cleaned  until  all  the  other  work  on  the  inside  of  the 
car  is  done.  Water  coolers  should  be  emptied,  rinsed  and  wiped 
out  inside.  Closets,  urinals,  and  drip  pans  should  be  thor- 
oughly washed  out  ami  rinsed,  followed  by  another  rinsing 
with  a  solution  composed  of  chloro-naphtholeum  and  water 
in  proportions  of  1  gall,  of  naphtholeum  to  1  bbl.  of  water. 
Urinals  thus  treated  will  remain  odorless  during  contin- 
uous trips  between  terminals,  and  icings  of  the  urinals  will 
not  be  necessary.  Next,  the  cushions  should  be  taken  out,  doors 
and  windows  opened,  and  the  interior  of  car  dusted  throughout. 
The  wood  work  and  glass  should  then  be  wiped,  and  if  neces- 
sary cleaned  off  with  a  damp  sponge.  The  floor  should  be 
mopped  with  cold  water  in  summer  and  warm  water  in  win- 
ter, and  sponged  under  the  seats,  corners  of  car,  and  under  the 
steam  pipes  with  soft  soap  or  kindred  compounds,  and  rinsed 
with  cold  water.  The  cushions  should  be  thoroughly  dusted 
and  put  back  in  place,  and  windows,  doors,  and  ventilators 
closed  to  prevent  dust  blowing  in  from  the  outside.  Curtains 
or  blinds  should  also  be  drawn  to  preserve  the  color  of  the  up- 
holstery. Upholstery  should  be  beaten  or  cleaned  by  the  use 
of  compressed  air  once  a  week  during  the  summer  months,  and 
twice  a  month  at  least  during  the  winter." 

At  the  same  meeting  Mr.  West,  of  the  New  York,  Ontario  & 
Western  Railroad,  presented  a  report  on  the  best  construction 
and  practice  for  locomotive  driving- boxes  :  he  stated  that,  in 
the  opinion  of  the  committee,  the  solid  bronze  box  is  not  to  be 
recommended  for  general  use,  but  that  there  was  a  difference 
of  opinion  as  to  the  relative  merits  of  cast  steel  as  compared 
with  cast  iron,  and  solid  brass  lining  as  compared  with  the  gib 
brass  in  connection  with  soft-metal  fillings.  The  reasons  for 
not  recommending  the  use  of  a  solid  bronze  box  are  the  greater 
first  cost,  undue  expansion  when  hot,  causing  the  box  to  stick  in 
the  jaw  of  the  frame  ;  and  when  the  box  becomes  worn  in  the 
crown,  the  sides  are  very  apt  to  close  in,  pinching  the  journal 
and  causing  a  hot  box.  The  argument  presented  in  favor  of 
solid  bronze  bearing,  was  that  the  first  cost  is  less  than  the  brass 
gib  with  the  soft  filling  ;  while  if  the  journal  gets  hot  there  is 
no  soft  metal  to  melt  and  plug  up  the  oil  holes.  The  box  with 
brass  gibs  also  is  more  liable  to  break  on  account  of  cracks 
starting  from  the  corner  of  the  slots  that  are  cut  for  the  brass. 
The  advantage  of  the  solid  bronze  crown,  pressed  into  the  cast- 
iron  box  with  two  strips  of  soft  metal  1  in.  wide,  extending  to 
the  full  width  of  the  box.  is  that  the  bearing  will  probably  run 
cooler  on  account  of  the  soft  metal.  A  sectional  bearing  com- 
posed of  a  bronze  gib  with  soft-metal  filling  has  the  advantage 
that  there  would  be  no  hot  boxes  to  melt  the  filling.  The 
practice  of  planing  the  flanges  straight  at  the  center  for  a  dis- 


tance of  24  in.,  and  tapering  from  there  to  the  top  and  bottom, 
thus  allowing  the  box  to  adjust  itself,  when  one  wheel  strikes 
the  low  joint,  thus  preventing  the  breaking  of  the  flanges,  was 
heartily  indorsed. 


PERSONALS. 


Mb  Willard  A.  Smith  has  been  appointed  Harrier  Curator 
of  the  transportation  division  of  the  Department  of  Industrial 
Arts  of  the  Columbian  Museum  of  Chicago. 

Mr.  Ernest  S.  Cronise  announces  that  he  has  severed  his 
connection  with  Henry  P.  Worthington,  and  is  engaging  in 
business  on  his  own  account,  as  direct  representative  of  lead- 
ing houses,  as  a  commission  dealer  in  iron,  steel,  railway  equip- 
ments and  supplies,  giving  particular  attention  to  the  export 
trade,  with  an  office  at  37  Broad  Street,  New  York. 

Mr.  Wixfield  Price  Pressenger,  of  the  Clayton  Air 
Compressor  Works,  of  New  York,  has  just  returned  from 
Europe,  where  he  has  been  spending  his  vacation  in  studying 
air  compressor  practice  in  the  Old  World.  While  in  Paris  he 
made  a  careful  examination  of  the  compressed  air  power  sys- 
tem in  use  in  that  city,  of  which  Mr.  Victor  Popp  is  the  Presi- 
dent. 


Manufactures. 


THE  IMPROVED  ROOT  BOILER. 


As  the  subject  of  water-tube  boilers  is  attracting  a  constant- 
ly widening  interest  on  account  of  the  saving  in  fuel  which 
they  effect,  we  illustrate  an  improved  form  of  this  type  of 
boiler  made  by  the  Abenroth  it  Root  Manufacturing  Com- 
pany, of  28  Cliff  Street,  New  York  The  illustrations  show 
very  clearly  the 
method  used  in  its 
construction,  to 
which  but  a  few 
words  of  reference 
will  be  necessary. 

Two  parallel 
boiler  tubes  4  in.  in 
diameter  are  ex- 
panded into  a  head- 
er at  each  end  (fig. 
1 ),  forming  what  is 
known  as  a  pack- 
age. These  pack- 
ages are  then  piled 
one  upon  the  other, 
as  shown  in  fig.  2, 
and  on  top  of  this 
pile  is  placed  a 
steam  and  water 
drum,  all  forming 
a  vertical  section. 
A  side  view  of  this 
arrangement  is 
shown  in  fig.  7. 
The  openings  at  the 
front  and  rear  ends 
of  these  box-like 
headers  are  con- 
nected by  means  of 
connecting  bends, 
as  shown  in  detail 
in  fig.  3.  These,  in 
turn,  have  plug- 
shaped  ends  (fig.  5), 
which  are  drawn 
tightly  into  elastic, 

bronze-like  metal  packing  rings  (fig.  4)  seated  in  the  headers 
(fig.  6),  this  being  done  by  means  of  two  bolts,  thus  forming 
a  joint,  which  can  easily  be  made  up  and  kept  tight. 

The  bolts  holding  the  bends  in  place  have  ball-shaped  heads. 
which  are  received  in  spherical  sockets  in  the  headeis,  thus 
giving  the  nut  end  of  the  bolt  perfect  freedom  of  motion. 

After  connecting  the  headers  front  and  rear  in  the  manner 
above  described,  it  will  be  seeD,  by  referring  to  fig.  7.  that,  as 
the  water  inside  the  inclined  tubes  is  heated,  it  will  rise  in 
them  to  the  headers,  anil  then  it  will  flow  upward  from  cue 
boxlike  header  through  the  connecting  bend  into  the  one  above 
it,  and  so  on  to  the  top,  and  thence  into  the  overhead  drum 
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(at  the  front  end).     This  overhead  drum  is  about  half  full  of 
water. 

By  constructing  the  vertical  section  in  the  manner  de- 
od  it  is  made  flexible,  and  can  readily  adjust  itself  to  the 
unequal  expansion  of  the  tubes  without  placing  excessive 
strains  on  the  various  parts.  In  making  up  a  boiler,  a  num 
ber  of  these  vertical  sections  are  placed  side  by  side,  the  height 
and  width  of  the  arrangement  of  tubes  being  governed  first 
by  the  amount  of  heating  surface  required,  and  secondly  by 
the  space  available  in  which  the  boiler  is  set. 

The  method  of  construction  at  the  rear 
ends  of  the  boiler  is  shown  in  fig.  8.  where 
four  boilers  are  seen.  Over  the  top  of  the 
several  steam  and  water  drums  is  shown  the 
multiple  which  collects  the  steam  from 
each  and  finally  delivers  it  into  the  - 
drum.  About  the  center,  beneath  the  steam 
and  water  drums,  is  shown  the  feed  drum, 
below  which  is  seen  the  mud  drum.  When 
the  complete  boiler  is  constructed  the 
headers  are  arranged  similar  to  bricks  in  a 
wall— i.i .,  with  their  vertical  joints  broken  ; 
and  as  a  brick  can  easily  be  removed  from 
the  lower  part  of  a  wall  and  replaced  with- 
out disturbing  those  around  it.  similarly  a 
package  of  tubes  can  easily  be  re: 
and  replaced  in  the  boiler  when  the  fittings 
at  the  end  of  the  package  are  taken  off. 
This  arrangement  also  brings  the  tubes  in  a 
-  ggered  position  vertically,  which  pre- 
vents the  gases  from  having  a  free,  unin- 
terrupted run  back  to  the  chimney,  thus 
insuring  a  more  perfect  absorption  of  the 
heat. 

In  placing  this  boiler  in  position,  when 
it  take>  the  place  of  old  shell  boilers,  the 
necessity  for  tearing  up  the  sidewalk  or 
street  is  obviated,  as  it  can  be  introduced 
into  a  building  through  an  ordinary  win- 
dow or  door — an  opening  39  in.  square  be- 
ing sufficient  for  the  introduction  of  a 
boiler  of  350  II. P.  The  old  shell  boilers 
can  be  cut  up  by  a  boilermaker  right  in 
position  and  so  taken  out  and  the  new  boiler  put  in  with 
but  little  trouble  and  expense. 

The  boiler  is  built  entirely  on  the  interchangeable  system. 
BO  that  any  part  may  be  slipped  out  and  a  new  part  introduced 
at  a  minimum  cost  and  in  a  veiy  short  time.       Thus,  by  keep- 


FLEXIBLE  FRICTION  CLUTCH  PULLEY 


An"  important  problem  in  the  transmission  of  power  by  ma- 
chinery is  how  best  to  provide  for  cases  where  it  is  necessary 
to  start  and  stop  a  shaft  or  train  of  shafting  which  is  driven 
from  another  shaft  revolving  continuously. 

There  are  four  principal  methods  by  which  this  may  be  ac- 
complished. Where  the  motion  is  communicated  from  a  pul- 
ley on  the  driving  shaft  to  a  pulley  on  the  driven,  it  may  be 
done  (1)  by  placing  a  loose  pulley  alongside  of  the  latter  pul- 


Fig.  8. 
ISA<  K   END  OF  ROOT  BOILER.  SHOWING  METUOD  OF  CONSTRUCTION 


ing  up  with  the  deterioration  which  takes  place  iu  all  boilers 
the  same  high  pressure  can  always  be  carried.  The  company 
have  recently  issued  an  information  pamphlet,  which  gives  a 
detailed  description  of  the  boiler,  together  with  other  informa- 
tion about  water-tube  boilers  generally. 


Fig.  7- 
SECTIONAL  VIEW  OF  ROOT  BOILER. 

ley,  and  shifting  the  belt  from  the  loose  to  the  keyed  pulley 
to  start  the  latter,  or  in  the  reverse  direction  to  stop  it,  the 
driving  pulley  on  the  first  motion  shaft  being  of  double  the 
width  of  the  belt  ;  (2)  by  making  the  driving  belt  of  such 
length  that  it  hangs  loosely  over  the  pulleys,  in  which  condi- 
tion there  will  not  be  sufficient  ten- 
sion to  transmit  power,  and  by  ap- 
plying a  "tightener  pulley"  to  the 
belt  to  produce  the  necessary  tension 
for  driving  ;  (3)  by  means  of  the  or- 
dinary jaw  coupling  attached  to  one 
or  other  of  the  pulleys,  by  means  of 
which  it  may  be  locked  rigidly  to 
the  shaft,  or  allowed  to  run  freely 
thereon,  and  (4)  by  means  of  a  fric- 
tion clutch  attached  to  one  of  the 

The  first  method  of  shifting  belts 
is  widely  used  in  cases  where  the 
belts  are  narrow  and  the  power  trans- 
mitted is  small,  as,  for  example,  in 
driving  machine  tools  and  the  like, 
though  even  in  such  cases  the  prac- 
tice of  substituting  the  friction  clutch 
i~  rapidly  growing.  For  wide  bells 
and  large  powers  the  shifting  belt 
method  is  quite  inadmissible.  The 
second  method  csn  only  be  used  to 
advantage  where  one  shaft  is  directly 
over  the  other,  so  that  the  belt,  when 
Blacked  off,  will  bang  clear  of  the 
1  nver  pulley,  which  should  be  the 
driver.  This  plan  may  be  used  for 
larger  powers  than  can  the  shifting 
belts,  but  is  objectionable  on  ac- 
count of  the  wear  and  tear  on  the 
la-It  occasioned  by  its  excessive  slip 
ping  over  the  pulleys  in  starting  up 
and  until  the  driven  train  of  ma- 
chinery is  brought  up  to  the  speed  of  the  driver.  The 
heat  produced  is  often  so  great  as  to  burn  and  injure  the 
belt. 

The  third  method  can  only  l>c  used  for  very  light  powers 
or  for  very  low  speeds  of  revolution,  as  the  shock  of.starting 
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suddenly  will  otherwise  rupture  the  mechanism  or  throw  the 
belt  off  the  pulleys. 

The  friction  clutch,  when  properly  designed  and  construct- 
ed, possesses  advantages  which  enable  it  to  be  used  effectively 
in  almost  every  conceivable  case  where  power  is  to  be  trans- 
mitted under  the  conditions  here  discussed. 

The  recognition  of  this  fact  has  of  late  years  brought  into 
the  market  a  great  variety  of  friction  clutches,  more  or  less 
effective. 

The  requirements  of  a  good  friction  clutch  may  be  stated  as 
follows  :  Its  parts  should  be  few  and  simple  and  require  little 
or  no  attention,  as  it  is  not  liable  to  receive  much.  It  should 
be  capable  of  being  easily  and  quickly  thrown  in  and  out  of 
operation  by  hand,  except  in  the  case  of  the  transmission  of 
very  large  powers,  where  it.  is  advisable  to  operate  it  by  spe- 
cial mechanism.  Its  frictional  surfaces  should  be  so  arranged 
and  of  such  material  as  to  be  easily  and  cheaply  renewed 
when  worn  out.  Its  adjustment  for  wear  should  be  so  simple 
in  arrangement  that  in  unskillful  hands  it  cannot  easily  be 
subjected  to  undue  strains.  It  should  be  capable  of  being 
operated  so  as  to  apply  the  frictional  contact  gradually  where 


THE  BLISS  FLEXIBLE  CLUTCH  PULLEY. 

heavy  loads  are  to  be  started  up.  When  thrown  out  it  must 
entirely  and  without  fail  release  the  frictional  surfaces,  but 
when  in  operation  must  as  certainly  retain  its  grip  without 
slipping.  Its  parts  must  be  so  balanced  that  their  centrifugal 
force  in  revolving  shall  not  tend  to  throw  the  clutch  in  or  out 
of  operation,  and  finally,  there  must  be  sufficient  flexibility 
in  the  construction  to  insure  its  proper  operation  where  the 
shaftiug  is  out  of  line  or  where  the  pulley  bore  becomes  worn 
and  is  loose  upon  the  shaft,  in  consequence  of  which  its  rim 
is  not  concentric  therewith 

The  clutch  here  illustrated  was  designed  to  embody  these 
features,  and  is  being  built  for  the  market  by  the  E.  W.  Bliss 
Company,  of  Brooklyn.  N.  Y.  It  may  be  descr  bed  as  fol- 
lows :  The  driving  pulley  which  runs  loose  on  the  shaft  has 
attached  to  its  arms  a  ring  or  driver,  into  which  is  loosely  in- 
serted a  disk,  A.  This  disk  is  made  to  revolve  with  the  pul- 
ley by  means  of  several  driving  studs  secured  to  the  pulley 
and  projecting  through  slots  in  the  outer  edge  of  the  disk. 
While  thus  prevented  from  revolving  in  relation  to  the  pulley, 
it.  is  capable  of  freely  moving  lengthwise  of  the  shaft,  and  also 
of  its  plane  being  inclined  slightly  out  of  the  plane  of  revolu- 
tion. Keyed  to  the  shaft  is  a  driver,  B,  which  is  conical  in 
shape,  and  has  a  circular  groove  turned  in  its  periphery,  into 
which  are  inserted  wooden  blocks  bearing  against  the  inner 


face  of  the  flexible  disk  A,  as  clearly  shown  in  the  cut.  An 
opposing  ring,  C,  has  a  similar  arrangement  of  blocks,  and 
held  in  position  by  two  or  more  studs  not  shown  in  the  cut, 
but  which  compel  it  to  revolve  with  the  driver  B,  at  the  same 
time  allowing  a  longitudinal  motion  similar  to  that  of  the 
flexible  disk  A.  When  this  ring  is  drawn  toward  the  oppos- 
ing driver  B,  the  flexible  disk  is  gripped  between  the  wooden 
blocks,  and  the  whole  mechanism  revolves  together.  It  will 
be  seen  that  the  required  flexibility  for  improper  alignment  is 
amply  provided  for.  To  operate  the  ring  0  two  or  more 
draw-bolts  placed  parallel  with  the  shaft  pass  through  lugs 
projecting  from  the  inner  periphery  of  the  ring.  Adjusting 
nuts  with  lock  screws  bear  against  these  lugs. 

The  bolts  are  pivoted  to  right  angled  levers,  which  are  in 
turn  pivoted  to  the  driver  B.  The  long  arm  of  the  levers  ex- 
tend beyond  the  hub  of  the  driver  B  and  are  linked  to  a  slid- 
ing sleeve  on  the  shaft.  This  sleeve  is  moved  longitudinally 
on  the  shaft  by  an  ordinary  hand  shifter.  When  moved  away 
from  the  driver,  the  links  are  brought  into  an  inclined  position, 
which  pull  the  ends  of  the  levers  toward  the  shaft,  thus  re- 
leasing the  clutching  surfaces.  When  moved  in  the  opposite 
direction,  or  to  the  position  shown  in  the  cut,  the  links  straighten 
out  and  form  toggles,  which  produce  a  powerful  grip  between 
the  frictional  surfaces,  and  at  the  same  time  lock  them  securely 
iu  position. 

The  operating  levers  are  provided  with  counter  weights  D 
to  balance  the  centrifugal  force  tending  to  throw  them  out- 
ward from  the  shaft. 

It  will  be  noticed  that,  as  the  friction  blocks  gradually  wear 
away  it  is  only  necessary  to  set  up  the  adjusting  nuts  until 
sufficient  tension  is  obtained  to  prevent  slipping  under  the 
load,  the  flexible  disk  accommodating  itself  to  the  adjustment. 

The  makers  of  this  flexible  clutch  pulley  have  designed 
special  tools  for  producing  all  the  parts  so  that  the  clutches 
can  be  assembled  from  stock  of  parts  kept  on  hand,  all  these 
parts  being  duplicate  an  1  interchangeable. 


THE  TOWER  COUPLER. 


The  cuts  shown  herewith  illustrate  the  Master  Car  Build- 
ers' coupler  now  being  put  on  the  market  by  the  National  Mal- 
leable Castings  Company.  It  is  known  as  the  "  Tower"  coup- 
ler and  is  of  the  knuckle  opening  class  ;  in  operating  the 
knuckle  from  the  corner  of  the  car  no  additional  parts  are  re- 
quired either  in  the  unlocking  gear  or  the  coupler  itself.  It 
has  been  very  carefully  designed  and  the  metal  has  been  well 
distributed  to  meet  the  strains  encountered  in  service. 

The  body  of  the  coupler  is  made  of  malleable  iron,  and  the 
knuckle,  lock  and  pivot  pin  are  of  steel.  The  shank  is  square 
for  its  entire  length  and  the  liner  blocks  are  cast  on  The  walls 
of  the  shank  are  thick  and  well  ribbed,  but  sufficient  room  is 
left  for  the  use  of  a  tail  bolt  if  desired,  and  a  slot  for  the  Ameri- 
can continuous  draft  rigging  can  be  added.  The  knuckle  is 
fulcrumed  back  far  enough  to  give  great  strength  to  both  it 
and  the  head,  and  vet  smooth  action  is  obtained  even  on  the 
sharpest  curves.  The  face  of  the  tail  of  the  knuckle  is  so 
shaped  as  to  come  in  contact  with  the  outer  face  of  an  oppos- 
ing knuckle  when  in  the  act  of  coupling,  so  that  it  is  swung 
into  the  closed  position  through  that  contact,  instead  of  by 
contact  with  the  outer  face  of  the  opposing  knuckle.  This  is 
conducive  to  smooth  action  in  coupling,  which  is  further  pro- 
moted by  the  fact  that  the  lock  does  not  have  to  be  raised  as 
the  knuckle  swings  in.  This  also  prevents  the  binding  and 
failure  to  couple,  to  which  certain  couplers  are  liable.  From 
fig.  2  of  our  illustration  it  will  be  seen  that  the  buffing  strains 
received  by  the  knuckle  are  transmitted  to  the  head  by  means 
of  a  broad  flat  bearing  at  the  end  of  the  tail  of  the  knuckle. 
A  tendency  for  the  knuckle  to  rotate  inwardly  under  these 
blows  is  also  resisted  at  the  same  point  and  by  a  bearing 
against  the  vertical  wall  of  the  head  at  a  point  considerably 
nearer  the  fulcrum  pin.  By  its  shape  and  size  the  knuckle  is 
amply  strong  to  receive  and  transmit  without  damage  any 
strains  encountered  in  service. 

The  conspicuous  part  of  the  coupler  is  the  lock,  which  also 
serves  to  throw  the  knuckle  open.  Its  shape  will  be  readily 
understood  from  figs.  1  and  6  in  our  illustrations.  In  fig.  1 
the  full  lines  show  the  lock  in  the  normal  position  :  and  it  will 
be  seen  then,  when  receiving  the  pulling  strains,  the  lock  is 
firmly  supported  by  a  vertical  wall  on  tin-  guard  arm  side  of 
the  head,  so  that  it  is  subjected  to  no  strain  other  than  one  of 
compression.  To  uncouple,  the  lock  is  raised  until  it  strikes 
the  under  side  of  the  top  wall  of  the  head,  beiug  guided  verti- 
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cally  in  this  movement  by  the  bearing  of  its  stem  in  the  bot- 
tom wall  of  the  head.  If  it  is  desired  to  simply  unlock  the 
knuckle,  the  lock  is  held  in 
this  position  by  the  unlocking 
position  in  the  usual  manner. 
If,  however,  it  is  desired  to 
swing  the  knuckle  open,  the 
lever  of  the  unlocking  gear  is 
lifted  still  higher,  and  "the  lock, 
pivoting  on  a  ridge  on  the  top 
wall  of  the  coupler  head,  is  rotated 
about  that  point  as  shown  in  fig. 
1,  the  stem  of  the  lock  disengages 
from  the  hole  in  the  lower  wall  of 
the  head  and  slides  along  a  groove 
provided  for  it.  This  motion  of 
the  lock  swings  the  knuckle  open 
in  a  wav  that  is  perfectly  clear 
from  fig.  1.  The  lock  remains  in 
the  position  shown  in  dotted  lines 
after  the  operator  has  dropped 
the  unlocking  lever,  and  only  falls 
into  its  normal  position  when  the 
knuckle  closes. 

The  lock  cannot  he  interfered 
with  in  its  operation  by  ice,  dirt, 
or  cinders.  It  is  provided  with 
ample  bearing  surface  on  the 
knuckle,  the  area  of  contact  being 
H  sq.  in.  It  cannot  be  struck  by 
coupler  links,  as  they  cannot  enter 
the  head  far  enough  owing  to  the 
size  of  the  tail  of  the  knuckle. 

The  Tower  coupler  has  been 
repeatedly  tested  under  the  drop 
and  for  a  considerable  period  in 
service,  ami  it  is  said  has  fulfilled   all  requirements. 


Electrically  Operated  Mill.— The  Columbia  Mills,  which 
have  recently  been  built  at  Columbia,  S.  C,  have  introduced 


ACME  NUT-FACING  MACHINE. 


Thk  nut-facing  machine  which  we  illustrate  herewith  is  one 
that  is  being  built  by  the  Acme  Machinery  Company,  of  Cleve- 
land, O.,  and  has  a  number  of  new  and  valuable  improvements 
for    chamfering    and    facing 


THE  ACMEINUT-FAC1NG   MACHINE. 

the  novel  feature  of  independent  electrically  driven  machinery, 
thus  doing  away  with  the  necessity  for  shafting,  pulleys  and 
belting.  Water  power  is  used  to  drive  wheels  having  a  total 
capacity  of  2,000  11.  P.,  which  in  turn  drive  large  generators 
with  a  total  capacity  of  1,500  H.P.  The  mill  was  started 
about  June  20,  but  has  not  yet  been  in  operation  for  a  suffi- 
cient length  of  time  to  add  anything  for  or  against  the  argu- 
ment regarding  electrically  driven  machinery. 


nuts  and  bolts. 

The  cutting  head  is  ar- 
ranged to  hold  three  tools  of 
bar  steel,  one  for  facing,  one 
for  chamfering  the  corners, 
and  a  third  to  remove  the  first 
thread  in  the  nut.  They  can 
be  removed,  ground  and  re- 
placed in  a  few  minutes. 

The  spindle  to  which  the 
cutter  head  is  attached  is 
driven  by  a  four- step  cone 
pulley,  and  geared  4+  to  1, 
thus  having  sufficient  power 
to  face  the  large  nuts  with 
ease  and  the  additional  ad- 
vantage of  facing  the  smaller 
sizes  at  the  proper  speed. 

1  )n  the  carriage  is  mounted 
a  turret  with  a  broad  key  to 
keep  it  in  line,  and  a  lever 
nut  to  clamp  it  in  position  as 
shown.  The  carriage  is 
moved  forward  to  the  cut- 
ting head  by  means  of  a  cam 
journaled  on  the  ways  of  the 
bed.  This  cam  is  driven  by  a 
worm  and  worm  wheel,  thus 
giving  the  carriage  a  steady, 
forward  movement,  and  the 
weight  hanging  _  from  the 
front  end  of  the  bed  returns 
the  same  after  the  nut  has 
been  faced. 

The  advantage  of  a  turret 
to  hold  the  nut  arbors  is  that 
the  nuts  can  be  removed  and 
replaced  much  quicker  a. id 
with  less  exertion  than  is  pos- 
sible on  a  machine  where  the 
arbors  revolve  and  the  cut- 
ting head  remains  stationary. 


Fig.  1 


• 


.THE  TOWER  VERTICAL  PLANE  COUPLER. 
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AeronauticS. 


Under  this  heading  we  shall  hereafter  publish  all  matter 
relating  to  the  interesting  subject  of  Aerial  Navigation,  a 
branch  of  engineering  which  is  rapidly  increasing  in  general 
interest.  Mr.  O.  Chanute,  C.E.,  of  Chicago,  has  consented  to 
act  as  Associate  Editor  for  this  department,  and  will  be  a  fre- 
quent contributor  to  it. 

Readers  of  this  department  are  requested  to  send  the  n 
and  addresses  of  persons  interested  in  the  subject  of  Aeronautics 
to  the  publisher  of  The  American  Engineer. 

THE  CRANKS'  INNINGS. 


Until  quite  recently  the  attitude  of  the  British  press  toward 
aerial  navigation  has  been  one  of  contemptuous  silence.  It 
has  not,  like  the  American  press,  published  as  news  facts,  fic- 
tions, fallacies,  and  flights  of  fancy,  but  has  resolutely  ignored 
experiments  and  correspondence  on  flying  machines. 

Now  this  is  all  changed  ;  and  since  Mr.  Maxim's  flight  of 
July  31  the  English  papers  are  giving  much  space  to  accounts 
of  his  apparatus,  of  his  paper  before  the  British  Association, 
and  of  his  article  in  the  National  Renew. 

All  this  accompanied  with  many  disquisitions  and  comments, 
some  of  which  "go  for"  Mr.  Maxim  on  account  of  his  sup- 
posed bloodthirsty  turn  of  mind  in  designing  a  new  and  terri- 
ble war  engine.  Mr.  Maxim  has  kept  the  discussion  going  by 
many  letters  to  the  papers,  and  one  of  these,  published  in 
Industries  and  Iron  of  August  31,  has  led  to  a  series  of  amus- 
ing epistles. 

In  this  letter  Mr.  Maxim  had  stated  that  if  the  English, 
"  from  a  feeling  of  pure  patriotism,  would  like  to  see  the 
Anglo-Saxon  the  first  man  in  the  air,  they  have  only  to  raise 
£50,000  ($250,000),  when  we  shall  be  able  to  cross  the  British 
Channel  in  about  one  year  from  date." 

This  offer  having  produced  several  comments  that,  if  the 
results  could  be  accomplished,  the  money  would  be  well  spent, 
the  cranks  broke  loose  in  an  effort  to  "  cut  in  ahead." 

The  race  seems  to  have  begun  in  the  Morning  Leader  of 
September  8  with  a  "  small  master  baker,  a  self-taught  man 
and  an  inventor,"  who  sent  a  friend  to  the  paper  to  say  that 
he  considered  Mr.  Maxim's  offer  much  too  high,  and  that  he 
(the  baker)  had  invented  a  superior  flying  machine,  the  pro- 
pelling power  of  which  was  at  present  a  secret,  but  that  he 
would  guarantee  to  build  a  flying  machine  within  6  months 
that  would  go  across  the  Channel  and  recross  for  the  sum  of 
$25,000.  As  a  prerequisite,  however,  a  capitalist  was  wanted 
to  advance  the  money  for  taking  out  patents,  making  models 
and  building  the  machine. 

Notwithstanding  this  alluring  reduction  in  time  and  amount, 
and  the  proposal  to  cross  twice  instead  of  once,  this  offer  had 
no  takers  ;  so,  a  few  days  afterward,  another  inventor  from 
Walthamston  offered  to  construct  in  6  months  for  $15,000  a 
flying  machine  (not  a  balloon)  to  cross  the  Atlantic  to  New 
York  in  3  days.  This  performance,  he  said,  would  be  quite 
safe,  as  the  steering  gear,  which  was  a  secret,  and  the  mode 
of  alighting  had  been  all  thought  out,  while  "  Maxim  creates 
a  buoyancy  by  his  mechanism  which  is  not  in  the  thing  itself, 
and  if  anything  were  to  go  wrong  the  whole  would  lose  its 
buoyancy  and  come  down  flop."  This  inventor  had  made 
drawings,  and  he  also  needed  a  capitalist  to  advance  money 
for  a  working  model.  When  asked  if  he  really  thought  his 
invention  practicable,  he  replied,  "  Think  !  I  know  !  I  know 
there  is  the  buoyancy,  and  must  be,  because  I  have  looked  all 
round  the  question." 


There  being  still  no  takers,  the  next  day  brought  four  letters 
to  the  Leader.  One  man  offered  to  show  (confidentiallyXhis 
plans  and  papers  to  any  person  the  editor  might  appoint  ;  the 
second  could  guarantee  a  perfect  flying  machine  within  2  or 
3  months  ;  the  third  said  that  the  most  wonderful  inventions 
had  been  worked  out  in  a  very  short  space  of  time  ;  while  the 
fourth  offered  for  $1,250  to  design  the  air  ship,  "  but  I'll  take 
no  risks." 

This  succession  of  underbids,  like  those  at  a  "  Dutch  auc- 
tion," not  having  tempted  the  thick-skulled  capitalists,  the 
inventors  next  endeavored  to  enlighten  the  editor  of  the  /.• 
personally.     He  thus  describes  one  of  the  interviews  : 

"  Last  night  I  was  honored  by  a  visit  from  a  man  who  in- 
troduced himself  with  a  remark  about  being  ready  to  knock 
spots  off  Mr.  Maxim.  My  visitor  was  6  ft.  1  in.,  and  I  am  5 
ft.  3  in.,  so  I  immediately  derided  Mr.  Maxim  on  principle. 

"  '  Look  here,'  continued  the  genius  ;  '  have  you  seen  what 
Lord  Kelvin  says ': '  I  shook  my  head,  and  he  read  the  fol- 
lowing at  a  fearful  pace  :  '  "  The  force  required  to  keep  a 
narrow  rectangular  plane  moving  with  constant  velocity  V,  in 
a  direction  perpendicular  to  its  length  I,  and  inclined  at  a  small 
angle  i,  to  its  breadth  a  is  2  pi  Vs  sin  theta,  cos  thela  I  a  ; 
which  is  4  pi  cos  theta  sin  theta  times  (or  if  sin  theta  —  8  one 
hundred  times)  as  great  as  the  old  miscalled  '  theoretical '  re- 
sult." ' 

"  '  That's  just  what  I've  always  said,'  I  remarked  nervously, 
getting  behind  a  chair  ;  '  it's  devilish  interesting,  too,  and  I 
wish  you  would  read  it  again.'  He  did  so,  and  I  kept  assent- 
ing, and  remarking  '  Cos  theta,  yes.  yes  ;  2  pi,  of  course.' 
and  so  on  to  make  the  giant  in  front  of  me  think  I  knew  all 
about  it.  Then  he  turned  from  Lord  Kelvin's  formulas  and 
began  to  talk  about  his  own  invention. 

'  I  have  made  flying  machines  for  years,'  he  began — '  that 
is  to  say,  models,  or,  to  be  more  piecise,  drawings  of  models  ; 
in  fact,  in  some  cases  I  have  not  proceeded  so  far  as  the  draw- 
ing, but  have  the  design  in  my  head.'  " 

It  is  needless  to  say  that  the  inventor  was  dismissed  as  quick- 
ly as  was  possible. 

Then  more  letters  came  in  to  the  Leader  proposing  "  aerial 
locomotives,"  "  the  conquest  of  the  air,"  a  small  model  for 
$50,  several  navigable  balloons,  an  air  ship  propelled  by  cord- 
ite, etc.,  almost  all  of  them  betraying  blissful  ignorance  of  the 
enormous  mechanical  difficulties  to  be  overcome.  Other  news- 
papers, not  to  be  outdone,  opened  their  columns  to  correspon- 
dents, notably  to  a  Liverpool  man  who  does  not  want  to  ex- 
pose his  secret,  but  is  confident  of  satisfactory  results  for 
$12,500  ;  to  another  Liverpool  man  who  disparages  the  first, 
condemns  steam  and  electricity  as  unsuitable,  and  proposes 
an  oil  motor,  and  to  "  Poor  Pat."  who  says  that  he  would  like 
it  to  be  known  that  Old  Ireland  is  not  altogether  asleep  in  the 
matter,  and  proposes — can  he  be  a  Fenian  ?— explosives  :is  a 
motive  power  ;  while  the  editor  asks,  in  comment.  "  What's 
the  matter  with  the  almighty  dollar  as  a  motive  power  V 

The  correspondence  was  finally  closed  in  the  Morning  Leader 
of  September  21  with  a  letter  from  Mr.  Maxim,  in  which  he 
gives  an  amusing  account  of  some  of  his  experiences  with  in- 
ventors. One  man,  after  a  great  deal  of  study  and  experi- 
menting, has  at  last  succeeded  in  reversing  the  force  of  gravity 
and  in  making  it  pull  up  instead  of  down  ;  or,  in  other  words, 
he  makes  it  pull  in  any  desired  direction.  If  his  machine 
weighs  a  ton,  he  simply  changes  the  direction  of  its  gravity, 
very  much  as  you  would  an  algebraic  quantity  by  adding 
a  -L,  or  —  sign,  and  you  rise  or  descend  at  pleasure  ;  or,  by 
making  it  pull  horizontally,  you  cannot  fail  to  fly  at  a  - 
velocity. 

Another  genius  has  been  experimenting  and  had  satisfied 
himself  that  a  steam  engine  "  wouldn't  do,"  and  says  he  has 
succeeded  in  extracting  the  energy  from  petroleum  oil.  This 
concentrated  energy  he  can  put  in  a  bottle,  and  weighs  about 
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8  lbs.  to  the  pint,  or  it  may  be  compressed  into  cakes,  like  soap, 
and  a  small  piece  of  it  weighing  only  a  few  pounds  suffices  to 
give  off  all  the  energy  necessary  to  work  a  flying  machine  or 
to  drive  a  ship  across  the  ocean  in  a  few  hours,  "  making  its 
oxygen  as  it  goes." 

Irishmen  and  anarchists  think  that  anything  can  be  made  to 
go  with  nitro- glycerine,  and  believe  that  always  affords  the 
means  of  a  very  rapid  ascent  in  this  world.  Another  man, 
who  must  have  been  a  nihilist,  proposed  to  create  a  vacuum 
all  over  the  top  of  a  flying  machine  by  means  of  a  syringe,  so 
that  the  air  below  it  would  press  it  upward  with  a  force  equal 
to  15  lbs.  per  square  inch. 

A  little  chap  who.  Mr.  Maxim  says,  was  only  about  half  his 
size,  came  over  from  America.  "  He  could  talk  science  and 
dynamics  by  the  mile,  and  I  was  delighted  with  him,  espe- 
cially as  he  was  so  very  small  and  light.  He  could  build  fly- 
ing machines  by  the  million  with  his  mouth,  but  when  I  set 
him  to  work  I  found  that  his  mouth  was  the  only  organ  about 
his  body  that  was  in  working  order  or  would  turn  out  any 
product." 

Visitors  with  the  same  general  characteristics  look  in  occa- 
sionally at  the  office  of  the  America*  Engineer. 


DISCUSSION    BY    J.    BRETONNIERE,    OF     CON- 
STANTINE,  ALGERIA. 


MR.  FRANK   H.  WINSTON  S    PAPER   ON       THE  SECRET   OF    SOAR- 
ING.* 

Mr.  Frank  H.  Winston  maintains  that,  in  accordance  with 
the  observations  which  he  has  made,  a  bird  has  recourse  in 
soaring  flight  to  four  methods.  The  first  method  is  a  hori- 
zontal or  ascensional  movement.  It  is  the  result  of  the  na 
tira  already  acquired.  The  second  is  a  movement  ahead  and 
downward,  the  result  of  sliding  on  the  air.  The  third  is  an 
irregular  movement  ahead  and  rising  against  a  wind  of  vari- 
able intensity.  It  is  the  combination  of  the  two  first  methods, 
but  coupled  with  the  existence  of  an  intermittent  wind.  The 
bird  advances  in  the  descent  along  the  wind  during  the  period 
when  the  wind  moderates,  then  hurls  itself  against  a  blast  of 
wind  which  follows.  Sometimes  in  this  method  the  bird,  by 
a  circular  movement  after  its  ascension,  moved  with  the  wind, 
which  has  moderated,  and,  by  a  new  circular  movement,  turns 
to  make  use  of  the  momentum  which  is  the  result.  The  fourth 
method  is  the  floating  with  the  wind  when  the  latter  is  blow- 
ing at  its  highest,  followed  by  a  return  in  a  circular  movement 
against  the  wind  when  the  latter  has  lost  its  resistance. 

From  this  description,  and  in  accordance  with  this  theory, 
there  is  no  question  of  sliding  transversely  to  the  wind,  which, 
in  accordance  with  our  conception  of  gliding  value,  gives  the 
bird  speed  and  the  n'«  vire  which  it  afterward  utilizes  against 
the  wind.  Mr.  Winston  has  very  clearly  explained  at  the  be- 
ginning of  his  description  of  this  third  method  the  effect  of 
natural  rafale  ;  but  he  does  not  appear  to  have  seized  upon  the 
relationship  which  exists  in  many  cases  between  his  first  and 
his  second  method  ;  the  reunion  of  which  constitutes  then  for 
the  bird  what  we  call  the  relative  rafale  by  zigzag. 

Mr.  Winston  has  not  taken  into  consideration  the  transverse 
gliding  which  precedes  the  return  against  the  wind.  Accord- 
ing to  him,  the  bird  carried  along  by  the  wind  changes  direction 
by  the  position  given  to  his  wings  ;  he  crosses  the  wind  with  a 
speed  almost  equal  to  that  of  the  wind,  gaining  thus  in  height, 
and  then  by  a  similar  movement  faces  the  wind  with  the  veloc- 
ity which  he  has  attained.  Well,  no !  The  bird  carried  by 
the  wind  with  an  equal  speed  of  fair  wind  as  that  of  the  wind, 
and  has  no  means  of  transforming  this  speed  into  an  equal 
speed  and  transversely  to  the  wind.  And  if  he  does  not  have 
these  means  because  the  air  upon  which  alone  he  can  take  sup- 
port flies  away  before  him.  let  us  examine  this  point. 

Suppose  in  the  figure  that  a  mass,  m,  that  is  perfectly  elas- 
tic is  advancing  with  a  speed,  r,,  in  the  direction  a  6  parallel 
to  the  earth  toward  the  mass  31,  which  is  at  rest,  and  which  is 
also  perfectly  elastic  and  very  large  relatively  to  m.  After 
the  shock  which  is  produced  m  will  have  in  its  new  direction 
a  speed  approximately  r,,  and  which  would  be  equal  to  Pj  if 
31  were  infinitely  large  relatively  to  m.  This  new  direction,  if 
the  blow  were  exactly  normal,  would  be  in  exactly  the  oppo- 
site direction,  ft  a  to  a  ft.  It  could  also  be  transversely  to  it. 
Let  us  now  admit  that  the  system  of  masses  m  and  31  had  a 
speed,  r,  in  the  direction  a  b  relatively  to  the  earth,  m  preserv- 
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ing  its  direction  and  its  speed  first  relatively  to  M,  so  that  we 
may  consider  the  earth  as  having  a  movement  in  the  direction 
b  a  and  at  a  speed,  t,  relatively  to  the  same  system.  After  the 
blow  m  would  sepaiate  from  31  in  its  new  direction  with  the 
same  speed  as  in  the  preceding  case.  This  new  direction 
might,  for  example,  be  transversely  or  backward — that  is  to 
say.  along  the  line  b  a.  In  this  latter  case,  as  the  earth  ad- 
vances at  the  same  time  as  m  along  the  line  b  a,  the  speed  of 
m  relatively  to  the  earth  will  be  reduced  to  r,  and  r.  But  r, 
being  equal  to  V —  v,  the  backward  speed  of  in  having  struck 
31,  will  be  {V  —  t)  —  t  or  V —  *2r.  V  and  r,  we  recollect, 
represented  respectively  m  and  31  relatively  to  the  earth  be- 
fore the  blow.  What  precedes  shows  that  if  a  mass,  i/t.  had 
struck  the  mass  31,  which  is  infinitely  large  horizontally,  the 
blow  will  give  the  mass  m  in  its  new  movement  relatively  to 
3[,  a  speed  equal  to  the  speed  of  m  diminished  by  that  of  .1/, 
and  that  the  new  speed  of  m  relatively  to  the  earth,  if  m  is 
thrown  back  in  a  direction  where,  too,  its  first  movement  will 
be  equal  to  the  speed  of  m  diminished  by  twice  that  of  M. 

But  we  must  not  lose  sight  of  the  fact  that  Fis  the  sum  of 
two  positive  quantities,  r,  and  r,  and  that  it  cannot  be  smaller 
than  D.  If  we  should  consider  that  the  quantity  lis  smaller 
than  P,  no  blow  of  m  against  3f  would  be  possible,  and  conse- 
quently no  change  in  direction  would  follow  the  blow. 

The  bird  carried  along  by  the  wind  is  the  mass  m.  The 
moving  mass  of  air  is  the  mass  31.  We  think  that  in  the  blow 
of  the  mass  M  against  the  mass  m  we  presented  the  best  con- 
ditions of  elasticity  as  that  motion  of  the  bird,  called  passade 
by  the  old  practitioners,  is  called  ;  but  we  consider  that  it  is 
necessary  to  take  the  speed  of  the  two  masses  into  account. 
If  the  bird — that  is  to  say,  the  mass  m — has  a  sr>eed  of  CO  miles 
per  hour,  composed  of  the  speed  of  the  wind,  it  carries  it  equal 
to  20  miles  and  a  gliding  speed  of  40  miles  in  the  direction  of 
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this  wind,  it  would  be  able  to  obtain,  by  hurling  itself  against 
the  air,  a  transverse  speed  of  60  —  20  —  -10  miles  per  hour. 
If  it  should  turn  directly  into  the  opposite  direction  its  speed 
will  be  relatively  to  the  earth  only  60  —  2  X  20  =  40  miles 
per  hour. 

But  if  the  speed  of  the  bird  is  less  than  or  merely  equal  to 
that  of  the  wind,  which  is  the  hypothesis  of  Mr.  Winston,  a 
blow  is  no  longer  possible,  and  every  theory  founded  on  this 
means  of  changing  direction  is  erroneous.  But  it  may  be  re- 
marked that  if  we  do  not  find  Mr.  Winston's  theory  best  on 
this  foundation  we  will,  nevertheless,  admit  with  him,  accord- 
ing to  the  paper  which  I  presented  at  the  Conference  at  Chi- 
cago, that  in  the  part  !>'  )r  of  the  spiral  (see  the  engraving), 
where  a  b  represents  the  direction  of  the  wind,  the  bird  makes 
a  turn  against  the  wind  by  an  ascensional  movement,  and  we 
would  give  some  further  explanations  in  regard  to  the  details 
of  this  subject.  It  will  be  granted,  we  think,  that  the  bird 
reaches  the  point  ft1  of  the  curve  with  a  speed  moving  along 
the  line  <('  J1  slightly  oblique  and  backward  relatively  to  a  b, 
by  which  he  would  naturally  tend  to  penetrate  the  earth  mass 
31  which  lies  beyond  the  line  a  b  ;  then,  by  successive^-  modi- 
fying his  curves  by  a  suitable  arrangement  of  the  winds,  he 
rises  directly  in  running  along  the  line  a"-  b%,  his  movement 
having  been  constantly  on  the  rise  from  ft1  to  ft3.  But  as  the 
bird— at  the  point  0  of  the  spiral— is  already  subjected  to  the 
effect  of  the  wind  and  which  was  buried  in  the  miss  ml,  which 
is  practically  the  same  as  J/— that  is  to  say.  having  the  same 
speed  and  the  same  direction.  Has  it  been  possible  for  him  to 
transform  his  movement  on  reaching  b'  with  a  speed  and 
direction  <i'  ft'  ?  It  is  here  that  the  difference  between  Mr. 
Winston's  theory  and  my  own  appears.  My  opinion  is  that 
the  bird  has  glided  across  the  wind  holding  the  steepest  possi- 
ble line  of  upward  inclination  of  his  body  and  wings, 
and  as  their  observation  of  the  spiral  traced  will  show, 
has  followed  a  direction,  A  b,  and  has  practically  turned  tow- 
ard the  central  part  of  the  figure  which  he  describes.  This 
inclination  of  the  line  of  greatest  rise  causes  a  gliding  com- 
posed of  two  elements,  one  parallel  to  a  ft  and  in  a  contrary 
direction,  the  other  in  a  transverse  direction.     It  will  be  ad- 
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mitted  that  in  the  run  0  b  the  bird  would  have  varied  the  in- 
clination and  direction  A  b  in  such  a  way  that  during  the  per- 
pendicular element  to  a  J  it  preserves  its  transverse  action 
while  the  parallel  action  to  a  b  at  first  resists  every  new  varia- 
tion, and  then  gradually  suppresses  that  which  already  exists, 
and,  finally,  acts  upon  the  bird  at  the  moment  of  its  arrival  at 
6',  where  he  commences  the  return  movement  to  the  back,  so 
that  even  from  the  point  b'  the  direction  of  the  bird  becomes 
that  of  the  oblique  line  a'  b1.  The  drifting  motion  which  the 
bird  is  subjected  to  at  »,  and  which  only  gradually  disap- 
pears, the  trajectory  0  b  is  not  really  a  transverse  straight  line, 
but  a  curve  elongated  in  the  direction  of  the  wind. 

In  consequence  of  this  theoretical  standpoint  which  I  have 
laid  down,  I  am  impelled  to  offer  two  objections  to  Mr.  Wiu- 


bles  the  intensity  and  especially  the  regularity  which  corre- 
sponds to  the  regular  succession  of  the  spirals. 

Second  objection  :  According  to  Mr.  Winston,  the  bird  adapts 
its  wings  with  the  winds,  and  it  returns  in  the  contrary  direc- 
tion to  the  intermittent  action  of  the  wind.  It  follows,  then, 
that  if  a  great  number  of  birds  were  soaring  together  in  the 
same  space  thev  must  exclude  their  spirals  simultaneously 
cither  in  the  direction  of  a  wind  or  a  contrary  direction. 
Now,  no  such  simultaneous  movement  occurs  in  actual  prac- 
tice. Not  only  the  birds  turn,  some  in  one  direction  and  some 
in  another,  but  it  is  readily  seen  that  the  circular  space  which 
they  pass  through  is  divided  into  a  certain  number  of  sec- 
tors and  may  have  a.  bird  in  each  sector  at  the  same  in- 
stant. 
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ston's  theory,  based  upon  actual  facts  of  soaring  flight  such  as 
have  been  observed. 

First  objection  :  That  the  air  is  subjected  to  variations  in 
speed  there  can  be  no  doubt  ;  but  do  these  variations  present 
themselves  with  the  intensity  and  especially  with  the  regu- 
larity which  would  be  required  in  order  to  bring  Mr.  Win- 
ston's hypothesis  in  accordance  with  the  facts  ?  We  cannot 
admit  that  they  do.  On  the  one  side  the  spirals  of  the  same 
series  which  a"  bird  traces  occur  in  intervals  of  time  that  are 
practically  equal.  On  the  other  hand,  the  average  operation 
of  early  spiral  is  most  frequently,  according  to  my  observa- 
tions, about  12  seconds.  In  accordance  with  Mr.  Winston's 
theory,  then,  there  must  be  an  intermittent  action  of  the  wind 
every  6  seconds  ;  a  calm  succeeding  a  gust,  a  calm,  and  so  on. 
What  wonderful  regularity  in  an  irregular  wind  !  Such  a 
fact  as  this  would  need  to  be  very  carefully  demonstrated  in 
order  that  it  might  be  admitted.  Now,  uot  only  has  no  such 
demonstration  been  made  by  Mr.  Winston,  but  even  the  con- 
trary fact  may  be  deduced  from  the  engravings  which  accom- 
pany Professor  Langley's  paper  on  the  "  Internal  Work  of  the 
Wind."  In  these  plates  we  see,  it  is  true,  that  there  are  rapid 
variations  in  the  speed  of  the  wind,  but  nothing  which  resern- 


MILITARY  BAULOONING  IN  GERMANY. 


We  reproduce  from  the  lllustrirte Zeitung a  picture  of  a  new 
captive  balloon  which  has  just  been  tested  in  Germany.  In- 
teresting experiments  with  this  apparatus  were  made  on  the 
Templehof  Parade  Ground  near  the  barracks  or  caserne  of  the 
balloon  corps.  Hitherto  these  aeronauts  have  had  great  diffi- 
culty in  keeping  a  balloon  sufficiently  still  to  enable  the  aero- 
nauts to  make  precise  measurements  and  delicate  observations. 
This  difficulty  has  now  been  overcome  by  means  of  a  cylindri- 
cal captive  balloon,  at  one  end  of  which  two  small  horizontal 
balloons  are  fixed.  This  balloon  is  attached  to  a  windlass  on 
a  specially  constructed  wagon.  About  100  yds.  from  the 
wagon  a  pulley  is  fixed  on  the  cable  with  30  depending  ropes, 
each  of  which  is  held  by  a  soldier.  From  this  point  the  bal- 
loon rises  in  a  slightly  oblique  direction  into  the  air.  and  is 
found  to  remain  sufficiently  stationary  to  enable  the  two  aero- 
nauts in  the  car  to  make  the  most  exact  measurements  and  ob- 
servations. The  object  of  the  pulley  is  to  regulate  the  height 
of  the  balloon  and  to  move  it  from  side  to  side.  As  tin  pulley 
is  advanced,  so  the  balloon  descends  ;  as  it  is  pulled  back  tow  • 
ard  the  wagon,  so  it  ascends.     Movements  of  the  pulley  to  the 
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right  or  left  produce  corresponding  movements  in  the  bal- 
loon. 

The  novel  features  appear  to  be  twofold  :  1.  An  elongated 
cylindrical  form  with  hemispherical  ends,  which  has  hitherto 
been  suggested  but  not  tested.  It  will  be  noticed  that  the 
effect  is  to  raise  up  the  nose  of  the  balloon  to  the  wind  (the 
restraining  rope  being  fastened  to  the  car)  and  to  impart 
greater  steadiness  than  in  the  globular  balloon.  2.  A  movable 
pulley  operated  by  soldiers,  to  regulate  quickly  the  height  of 
the  balloon  and  to  move  it  to  the  right  or  left  when  there  are 
obstacles  in  the  field  of  operations.  These  two  novelties  seem 
to  have  worked  very  well  and  to  promise  considerable  additions 
to  the  use  of  captive  balloons  in  warfare. 


A    THEORY    OF    SAILING    FLIGHT    AND    AERO 
PLANES. 


To  the  Editor  of  The  American  Engineer  and  Railroad 
Journal : 

Mr.  Chanute,  the  esteemed  author  of  one  of  the  most  excel- 
lent and  complete  aeronautical  books  of  today,  to  wit,  "  Prog- 
ress in  Flying  Machines,"  has  thought  the  modest  papers  which 
I  sent  to  the  Conference  on  Aerial  Navigation  in  Chicago,  and 
which  have  since  appeared  in  Aeronautics,  worthy  of  his 
discussion,  and  has  courteously  indicated  those  points  which 
seemed  to  him  doubtful  or  obscure.  I  will  endeavor  to  re- 
solve those  doubts  and  obscurities  as  briefly  as  possible. 

In  No.  9  of  Aeronautics  (June,  1894),  in  the  discussion  of 
Mr.  Bretonniere's  paper  on  Sailing  Flight,  Mr.  Chanute  also 
mentions  my  article  among  others,  and  says  :  "  Mr.  Kress, 
who  argues  that  the  bird  gathers  energy  by  passing  from  one 
stratum  of  air  into  another  stratum  blowing  at  greater  speed, 
but  who  furnishes  no  evidence  that  air  is  usually  stratified  in 
that  peculiar  way  ;"  and  further,  "  Even  if  it  were  in  regular 
strata,  instead  of  the  irregular  pulsations  shown  by  the  dia- 
grams of  Professor  Langley." 

It  will  perhaps  be  best  to  copy  here  the  sentences  of  my  arti- 
cle which  were  called  in  question  in  the  excellent  English 
translation  :  "  There  are  streaks  and  waves  of  air  of  different 
speeds,  generally  increasing  in  velocity  with  the  altitude  ;"  and 
further,  "  It  must  be  particularly  noticed  that  the  more  rapid 
currents  of  air  need  not  necessarily  be  above  each  other." 
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Fig.  1. 

The  assertion  is  nowhere  to  be  found  in  my  article  that  the 
different  velocities  of  the  air  must  be  arranged  the  one  above 
the  other  in  sharply  defined  layers  ;  on  the  contrary,  I  assume 
it  as  self-evident  that  the  differences  in  wind  velocity  are  quite 
irregular  in  their  speeds  and  direction,  so  that  my  theory  does 
not  conflict  at  all  with  Professor  Langley 's  diagrams,  and  these 
irregularities  in  the  wind  velocity  cannot  have  any  influence 
on  the  correctness  of  my  theory.  In  the  sentence.  "  Let  us 
represent  in  fig.  1  an  ideal  condition,"  ...  I  have  clearly  in- 
dicated that  my  diagram  has  only  an  ideal  significance,  in  order 
to  explain  my  theory  in  the  simplest  and  briefiest  manner. 

In  No.  10  of  Aeronautics  (July,  1894),  in  discussing  my 
aeroplane,  Mr.  Chanute  questions  the  formula?  used  by  me. 
I  have  based  my  calculations  on  the  formula:  of  Lilienthal  and 
Professor  Wellner,  as  well  as  on  my  own  experience  with  fly- 
ing models.  My  model  of  the  "  Aeroveloce,"  on  the  occasion 
of  my  last  experimental  lecture  in  1892,  was  carefully  meas- 
ured and  weighed  by  my  fellow  aviators.  An  account  of  these 
experiments  will  be  found  in  No.  708  of  the  Zeitschrift  fur 
Luftsehiffahrt,  Berlin,  1892,  and  in  the  Neue  Freie  Presse  of 
Vienna,  No.  9,829,  January  6,  1892. 

Even  when  we  succeed  in  actually  compassing  artificial 
flight,  there  will  probably  be  no  agreement  among  aviators 
concerning  aerodynamic  formula;.  I  have  had  some  remark- 
able experiences  in  this  direction.  According  to  formula?  used 
until  quite  recently,  my  model,  in  proportion  to  the  size  of  its 
wings,  should  not  weigh  more  than  8  to  18  grams  in  order  to 
fly  at  all  with  a  velocity  of  4  meters.  As  a  matter  of  fact,  it 
weighs  245  grams,  and  actually  flies  and  rises.  Isn't  that 
queer  ?  Still  more  droll  is  the  fact  that  my  models  flew  as  long 
ago  as  1879  and  1880,  and  were  shown  publicly  in  Vienna  before 


the  Chamber  of  Commerce,  the  Railway  Club,  the  Aeronauti- 
cal Society  and  other  large  bodies,  with  perfect  success  ;  and 
that,  notwithstanding  this,  almost  to  the  present  day  many 
theorists  calculate  the  "  lift"  according  to  antiquated  formu- 
la?, by  which  neither  the  birds  nor  any  artificial  apparatus 
could  ever  be  made  to  fly. 

Mr.  Chanute  knows  very  well  what  contradictions  prevail 
on  the  subject.  I  will  not  argue  any  further  whether,  in  cal- 
culating the  "  drift," an  angleof  3°  orof  6°  should  beassumed 
in  my  aeroplane  machine,  but  I  will  pass  at  once  to  the  more 
important  point— that  is,  to  the  resistance  of  the  "spars,  posts, 
braces,  etc."  This  I  neglected  to  introduce  in  the  calculation 
of  my  machine,  and  thus  drew  upon  myself  a  well-deserved 
correction. 

The  "  spars,  posts,  braces,  etc.,"  which  carry  the  car,  shaft- 
ing, journals,  etc.,  and  connect  these  with  the  wings,  are  so 
arranged  that  a  part  of  them  are  shielded  from  the  direct  wind 
by  the  wings  ;  the  parts  which  remain  exposed  to  the  wind 
will  aggregate  about  50  meters  in  length  ;  these  ties,  struts, 
etc.,  will  consist  of  "  Mannesman"  steel  tubes  of  about  li  milli- 
meters wall  thickness,  pressed  nearly  flat ;  they  are  hollow 
elliptic  steel  tubes  placed  with  the  sharp  edge  to  the  wind, 
being  35  millimeters  in  breadth  and  5  millimeters  in  thickness  in 
the  middle  part  ;  the}'  will  sustain  a  tension  of  3,0(10  kilograms. 
and  weigh  -^  of  a  kilogram  per  meter.  The  wind  resistance  of 
this  cross-section  is  reduced  to  !  by  the  pointed  elliptic  form 
(see  tig.  1).  Thus  the  resistance  of  these  "  spars,  posts,  braces, 
etc.,"  will  be  :  W"  =  50  X  0.005  X  100  X  i  X  I  =  0  63  kilo- 
grams, and  not  16.67  kilograms,  as  Mr.  Chanute  erroneously 
assumes. 

This  is  for  a  velocity  of  10  meters  per  second,  which,  for  an 
aeroplane,  must  be  considered  a  minimum.  For  practical  work 
we  must  endeavor  to  reach  a  velocity  of  30  meters  per  second. 
At  this  last  velocity  the  resistance  of  the  car  and  the  frame- 
work alone  would  be  172.5  kilograms,  according  to  M.  Chanute, 
and  the  necessary  work  1,725  X  30  =  5,175  kilogrameters  per 
second.  Allowing  50  per  cent,  for  the  efficiency  of  the  screw, 
2  X  5,175  =  10,350  kilograms  =  138  H.P.  would  be  necessary 
to  simply  overcome  the  horizontal  resistance  of  the  apparatus. 

It  will  be  clear  to  every  aviatoi  that  structures  producing  so 
great  a  resistance  would  be  totally  impracticable  in  artificial 
flight.  I  am  willing  to  admit,  however,  that  my  unintentional 
omission  in  describing  the  details  of  my  apparatus  was  the 
main  cause  of  this  misunderstanding.  William  Kress. 


RECENT  AERONAUTICAL  PUBLICATIONS. 


We  shall  hereafter  publish  brief  references  to  such  publica- 
tions and  articles  concerning  Aeronautics  as  seem  to  possess 
interest  for  our  readers. 

Flying  Apparatus.  Otto  Lilienthal.  Zeitschrift  fwr  Luft- 
schiffahrl  und  Physic  der  Atmosphere.  Berlin,  June,  1894. 
Herr  Lilienthal  discusses  from  a  geneial  point  of  view  the  de- 
sign and  application  of  flying  apparatus. 

Analysis  of  tin  Functions  of  a  Bird's  Wing.  S.  D.  Mott. 
Scientific  American  supplement,  August  11,  1S94.  Proposes 
imitation  of  wing  flapping  by  the  rotary  oscillations  of  con- 
cave convex  surfaces  driven  by  electricity. 

The  Maxim  Flying  Machine.  Illustrated.  Engineering,  Lon- 
don, August  10,  1H94.  Describes  Maxim's  apparatus  and  last 
experiment. 

Maxim's  Flying  Machine.  Illustrated.  The  Engineer.  Lon- 
don, August  10,  1894.  Describes  Maxim's  apparatus  and 
flight. 

Maxim's    Triumph    and   Disaster.    Illustrated.    Invention, 

London,  August  11,  1894.     Discusses  Maxim's  Bight  and  ex- 
periments. 

The  Maxim  Flying  Machine.  Illustrated.  Invention,  Lon- 
don, August  18,  1894.  Illustrates  Maxim's  machine  as  landed 
after  the  accident. 

Maxim's  Flying  M<i<-l<ii,,.     Illustrated.     The  Practical  En- 
r,  London,  August  24,  1894.     Illustrates  details  of  con- 
struction of  the  apparatus. 

The  Evolution  of  a  Flying  Machine.  II.  S.  Maxim.  The 
Hardware  Trade  Journal,  Birmingham,  August  31, 1894.  Gives 
in  full  the  paper  read  before  the  Mechanical  Section  of  the 
British  Association,  at  Oxford,  by  Mr.  Maxim.  August  10, 
1894. 

117?/  Man  Ever  Fly?  A  Symposium.  Boston  Globe,  Sep- 
tember 9.  1894.  Opinions  of  six  experts  as  to  the  probabilities 
of  success. 
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1895. 

On  the  approach  of  a  new  year  an  editor  always  feels  that 
he  ought  to  have  something  to  say  to  his  readers  and  patrons 
which  will  be  indicative  of  his  plans  and  purposes  for  the 
future.  If  he  has  had  any  novel  enterprises  on  the  stocks  he 
then  launches  them,  and  breaks  his  bottle  of  wine  with  as 
much  eclat  as  the  prospects  and  circumstances  will  permit, 
and  tells  his  readers  with  more  or  less  confidence,  according  to 
the  degree  of  prosperity  in  which  he  is  basking  or  the  ad- 
versity which  he  is  enduring,  "where  he  is  at."  But  both 
people  and  papers  in  their  youthful  years  undertake  more  new 
enterprises  and  make  more  promises  than  those  who  are  gray- 
headed  do,  and  who  have  kept  up  a  more  or  less  steady  gait 
for  half  a  century  or  more,  and  have  entered,  perhaps,  on  the 
last  decade  of  three  score  and  ten.  With  1895  the  American 
Railroad  Journal,  with  which  the  American  Engineer  is 
now  incorporated,  enters  upon  the  sixty-third  year  of  its  life. 
Its  first  number  appeared  January  1,  1832,  and  since  then, 
with  a  few  temporary  gaps,  it  has  had  a  continuous  existence. 
1895  will  be  the  ninth  year  that  it  has  been  conducted  under 
its  present  management.  It  has  maintained  its  character  and 
position  during  all  that  period,  and  emerges  from  the  general 
financial  and  business  depression — which  is  now  happily  pass- 
ing away— with  those  features  which  have  heretofore  made  it 
attractive  more  fully  developed  than  ever.  It  has  been  the 
aim  of  its  editors  to  bring  each  number  nearer  abreast  with  the 
advancing  march  of  engineering  and  mechanical  science  and 
art,  and  it  is  more  carefully  edited,  is  better  illustrated  now 


than  it  has  ever  been,  and  its  size  and  the  quality  of  its  typog- 
raphy are  fully  maintained.  During  the  year  1895  no  back- 
ward step  will  be  taken  ;  but  in  each  successive  month  what- 
ever occurs  which,  in  the  opinion  of  its  editors,  will  interest 
mechanical  engineers  most  will  be  reported,  published,  illus- 
trated, or  commented  on.  Each  number  of  the  paper  will 
contain,  as  heretofore,  not  less  than  48  pages  of  reading  mat- 
ter. Its  special  features,  together  with  its  illustrations  of 
various  engineering  works,  new  machinery,  etc.,  editorial  com- 
ment on  current  engineering  topics,  original  contributions  and 
articles  written  especially  for  its  pages,  selected  matter  from 
foreign  and  domestic  sources,  book  notices  and  reviews  care- 
fully written,  personal  items,  condensed  paragraphs  of  infor- 
mation collected  from  everywhere,  engineering  and  mechanical 
notes  and  news,  descriptions  of  newly  patented  inventions,  and 
other  information  within  reach  of  its  editors,  make  it  one  of 
the  most  attractive  journals  now  published  for  engineers, 
manufacturers,  mechanics,  draftsmen,  inventors  and  students. 
To  all  who  are  engaged  in  producing  anything  which  per- 
tains to  mechanical  engineering,  railroad  operations,  or  marine 
construction,  it  is  an  influential  medium  for  making  their  oc- 
cupation and  their  products  known.  All  who  contemplate 
making  an  effort  to  extend  their  business  during  the  coming 
year  are  solicited  to  give  to  the  American  Engineer  and 
Railroad  Journal  at  least  a  share  of  their  patronage,  which 
it  will  be  the  aim  of  the  editors  of  the  paper  to  present  in  such 
a  form  as  will  do  the  advertisers  the  most  good.  Rates  will  be 
given  and  position  assigned  on  application,  and,  if  desired, 
forms  of  advertising  will  be  prepared  and  engravings  made 
adapted  to  illustrate  the  business  which  is  to  be  extended. 
For  any  further  information  address 

M.  N.  Forney,  Editor  and  Proprietor, 

No.  47  Cedar  Street,  New  Toik. 


EDITORIAL   NOTES. 


The  St.  Louis,  a  brief  description  of  which  was  published 
in  our  last  issue,  has  been  launched  amid  apparently  great 
rejoicing  at  the  Cramps'  Yard.  It  is  indeed  a  cause  of  con- 
gratulation that  the  American  Line  will  soon  become  an  Ameri- 
can line  in  fact  as  well  as  in  name,  and  the  special  act  of  Con- 
gress which  admitted  the  Paris  and  New  York  to  American 
registry  is  thoroughly  warranted  by  these  new  additions  to 
vessels  flying  the  flag  of  the  United  States.  That  the  speed 
of  the  St.  Louis  will  be  well  up  to  the  requirements  of  the 
contract  there  is  no  reason  to  doubt,  for  the  Cramps  are  not  in 
the  habit  of  building  vessels  that  prove  to  be  laggards,  as  is 
evidenced  by  the  premiums  won  by  the  Columbia  and  Min- 
neapolis. 

The  Canadian  Society  of  Civil  Engineers  has  taken  a  step 
in  the  direction  of  securing  compensation  for  professional  ser- 
vice in  a  line  with  the  practice  abroad.  At  a  recent  meeting  a 
resolution  was  adopted  in  which  the  practice  of  submitting 
plans  and  estimates  without  compensation  to  small  municipali- 
ties that  seek  professional  advice  gratuitously  was  condemned. 
That  the  practice  has  its  hardships  for  the  consulting  engineer 
there  can  be  no  doubt,  but  the  fact  that  large  establishments, 
with  a  corps  of  engineers  and  draftsmen  at  their  disposal,  are 
ready  and  willing  to  submit  plans  and  estimates  free  of  cost  in 
the  hope  of  procuring  the  subsequent  contract,  forces  the  little 
fellows  to  follow  the  same  line  of  conduct  or  be  crowded  out 
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of  existence.  It  is  an  unfortunate  condition  of  affairs,  and  one 
that  is  undoubtedly  frequently  taken  advantage  of  by  un- 
scrupulous men  in  order  to  secure  professional  advice  free  of 
charge  ;  but  it  is  difficult  to  see  how  the  action  of  the  society 
can  change  the  state  of  affairs  that  they  so  deplore. 


HOW  CAN  THE  FUEL  CONSUMPTION  OF  LOCO- 
MOTIVES BE  DIMINISHED? 


In  the  American  Engineer  for  July,  page  295,  of  the  cur 
rent  volume,  there  was  published  a  report,  which  was  sub- 
mitted to  the  last  convention  of  the  Master  Mechanics'  Asso- 
ciation, of  the  comparative  performance  of  Mr.  Webb's  Lon- 
don &  Northwestern  compound  locomotive  Greater  Britain, 
and  two  engines— one  of  them  the  celebrated  No.  999— of  the 
New  York  Central  Railroad.  In  the  September  number, 
page  423,  we  published  another  report  of  a  test  of  an  engine 
of  the  same  class  on  the  same  road.     In  the  last  number,  page 


other  engines  were.  It  should  also  be  pointed  out  that  only 
the  performance  of  his  coupled  engines  is  reported.  The  En- 
gineer says  that  the  Great  Western  Railway  is  nearly  level, 
and  in  that  respect  resembles  the  New  York  Central. 

The  table  is  interesting,  as  it  enables  us  to  compare  the  per- 
formance of  some  of  the  best  types  of  simple  and  compound 
locomotives  of  the  most  recent  design,  and  also  what  are  per- 
haps the  best  and  most  powerful  types  of  English  and  Ameri- 
can express  locomotives.  While  the  table  enables  us  to  com- 
pare the  performance  of  Mr.  Webb's  compound  passenger 
engine  with  one  of  our  best  simple  machines,  we  have  no 
data  for  making  a  comparison  of  the  fuel  consumption  of 
American  compound  engines.  Mr.  Webb's  figures  enable  us 
to  see  what  the  relative  fuel  consumption  of  his  compound 
freight  engines  was  in  comparison  with  one  of  his  simple 
engines  of  almost  exactly  the  same  type  ;  but  our  table  does 
not  give  any  similar  data  concerning  the  fuel  consumption  of 
our  best  American  simple  or  compound  freight  locomotives, 
although  doubtless  such    figures  would    be  obtainable.     It 
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"  Greater  Brituin,"  Loudon  and  North  West- 

Webb's  Compound  Four-Coupled 

77      2 

160    8 

1  to  2  08 

3,588  mi. 

47.66 

31.07  lbs. 

2.979  oz. 

Number  888,  New  York  Central  Railroad... 

Buchanan's  Simple  Four-Coupled 

89      6 

162  14 

1  to  1.82 

1,776    " 

52.24 

34.69    " 

3.300    " 

"        "        "        "           "           *'           

Buchanan's  Simple  Four-Coupled 

89      6 

180  12 

1  to  2.02 

3,848    " 

51.13 

35 

2.960    " 

Number  999,  New  York  Central  Railroad 

Buchanan's  Simple  Four-Coupled 

91      0 

279    0 

1  to  3.06 

1,287    " 

45.42 

39.21    " 

2.180    " 

U            ll            II             It                  11                  II 

Buchanan's  Simple  Fonr-Coupled 

91      0 

186  10 

1  to  2.05 

3,148    " 

50-50 

31.04    " 

2.662    " 

"      "       "          "          " 

Buchanan's  Simple  Four-Coupled 

91      0 

296    " 

50.50 

12.87    " 

2.26+    " 

London  mud  North  Western  Railway  No.  2524 

Webb's     Simple     Eight-Coupled 

Freight 

76      2 

693    5 

1  to  9.17 

96    " 

17.74 

71.49    " 

1.05      " 

"    50.. 

Webb's  Compound  Eight-Coupled 

Freight 

75    17 

691  15 

1  to  9.12 

96    " 

17.74 

57.3     " 

1.325    " 

Achilles    Class,  Great  Western    Railway  »f 

Dean's  Simple  "Single"  Passes- 

81    10 

200 

1  to  1.127 

61.77 

31.0     " 

2.48      " 

Achilles   Class,    Great  Western    Railway  of 

Dean's  Simple  "  8ingle"  Passen- 

81    10 

200 

1  to  1.227 

61.34 

33.0     " 

2.64       " 

•  2,240  lbs.       t  Per  ton  of  weight  of  engine  and  tender. 

517,  a  report  of  a  remarkable  test  of  an  eight-coupled  com- 
pound, and  an  exactly  similar  simple  freight  locomotive  on 
the  London  &  Northwestern  Railroad,  was  reprinted  from  the 
Railway  Engineer.  The  Engineer  of  November  2  contains  en- 
gravings of  two  of  the  most  recent  examples  of  English  pas- 
senger locomotives  built  by  Mr.  Dean,  the  Locomotive  Super- 
intendent of  the  Great  Western  Railway.  One  of  these  is 
what  in  England  is  called  a  "  single"  engine — that  is,  it  has 
only  a  single  pair  of  driving-wheels  ;  the  other  is  a  "  coupled" 
machine,  and  has  two  pairs  of  drivers.  Both  have  leading 
trucks  and  inside  cylinders.  With  the  description  of  these 
machines  a  somewhat  meager  report  is  given  of  their  perform- 
ance. These  five  reports,  then,  it  is  thought,  represent  the 
best  performance  of  modern  locomotives,  and  the  principal 
figures  contained  therein  have  been  summarized  in  the  append- 
ed table.  It  should  be  said,  however,  that  the  performance 
of  Mr.  Dean's  engines,  which  is  reported,  is  not  the  result  of 
a  special  test,  but  is  the  average  performance  in  daily  use, 
extending  over  a  period  of  two  years.  Neither  are  the  figures 
representing  the  weight  of  train  accurate,  but  are  "  estimated," 
so  that  doubtless  Mr.  Dean  could  make  a  somewhat  better 
showing  if  he  subjected  his  engines  to  special  tests,  as  the 


must  be  said,  though,  that  the  advocates  of  compound  loco- 
motives in  this  country  are  a  little  chary  about  giving  full 
reports  of  their  fuel  consumption. 

It  was  remarkable  that  the  report  made  to  the  Convention 
of  the  Master  Mechanics'  Association  attracted  so  little  atten- 
tion. The  members  of  the  Association  who  heard  it  did  not 
seem  to  fully  comprehend  the  significance  of  the  figures  it 
contained.  At  the  time  that  Mr.  Webb  made  the  test  of  his 
Greater  Britain  and  published  the  report  of  it,  those  who  studied 
the  report  saw  at  once  that  it  indicated  a  most  remarkable 
economy  of  fuel  consumption. 

In  a  carefully  prepared  table,  which  was  published  in  the 
American  Engineer  of  December,  1891,  page  530,  it  was 
shown  that  with  passenger  trains  the  average  consumption 
of  coal  on  a  dozen  different  roads,  which  keep  careful  ac- 
counts, was  a  little  over  \  lb.  (.515  lb.  =  8i  oz.)  per  ton  per 
mile  of  cars  and  their  contents,  exclusive  of  engine  and  ten- 
der. This,  it  must  be  rememl>ered,  was  at  the  average  rate 
of  speed  of  such  trains,  which  is  very  slow.  On  the  Phila- 
delphia, Wilmington  &  Baltimore  Line  it  was  shown,  in  a 
table  published  in  February,  1892,  page  54,  that  the  allowance 
of  coal  to  engineers  for  running  their  through  passenger  trains 
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from  Philadelphia  to  Washington  was  .419  lb.  =  6.7  oz.,  while 
on  the  Fort  Wayne  Road  for  through  passenger  trains  it  was 
from  .30  to  .36  lb.  —  4.8  to  5.76  oz.  This  was  at  speeds  aver- 
aging probably  less  than  40  miles  per  hour.  The  fuel  con- 
sumptions on  passenger  trains  per  ton  per  mile  are  given  in 
our  table  herewith,  in  the  order  of  their  magnitude,  3.3,  2.979, 
2.960,  2.662,  2.64,  2.48,  2.26,  2.180  oz.,  at  average  speeds  vary- 
ing from  45.42  to  52.24  miles  per  hour.  It  will  be  seen  that 
the  difference  between  these  figures  and  those  quoted  above  is 
enormously  great.  Roughly  stated  in  the  best  performance  of 
locomotives  the  fuel  consumption  is  only  half  that  of  the  aver- 
age performance  on  well-managed  railroads.  It  is  not  only  in 
passenger  service  either  in  which  this  difference  exists.  The 
average  consumption  of  coal  with  freight  trains  on  the  dozen 
roads  referred  to  was  .215  lb.  =  3.44  oz.  per  ton  per  mile. 
Ihe  average  allowance  of  coal  for  freight  trains  on  the  Phila- 
delphia, Wilmington  &  Baltimore  Railroad  (see  the  American 
Engineer  for  February,  1892,  page  54)  was  .253  lb.  =  4.048 
oz.,  while  Mr.  Webb's  simple  engine  burned  only  1.65  and 
his  compound  engine  1.325  oz.  per  ton  of  cars  and  contents 
per  mile  ;  the  average  actual  consumption  being  again  over 
twice  as  much  as  it  was  in  the  test  referred  to. 

Of  course  persons  who  are  familiar  with  the  conditions 
which  prevail  when  such  tests  are  made  understand  the  reason 
for  the  great  difference  which  has  been  pointed  out.  Doubt- 
less in  all  the  tests — excepting,  perhaps,  those  on  the  Great 
Western  Railway  of  England,  the  data  of  which  are  taKen 
from  the  ordinary  work  extending  over  a  considerable  period 
— the  engines  were  first  in  as  nearly  a  perfect  condition  as  it 
was  possible  to  make  them  ;  next,  the  fuel  was  probably  the 
best  that  could  be  obtained  ;  and  third,  the  utmost  care  and  the 
most  skillful  and  careful  men  were  employed  to  produce  the 
results  which  are  reported.  He  would  be  a  very  sanguine  per- 
son who  would  for  a  momentMndulge  in  the  dream  that  engines 
can  be  maintained  in  conditions  of  maximum  efficiency,  that 
the  best  and  most  intelligent  and  faithful  service  can  always 
be  obtained  from  the  men  who  run  them,  or  that  fuel  even  ap- 
proximating in  quality  to  the  best  is  always  obtainable.  Never- 
theless, the  results  of  the  tests  of  Mr.  Webb's,  Mr.  Buchanan's 
and  Mr.  Dean's  locomotives  show  what  degree  of  economy  is 
attainable  with  existing  locomotives.  The  data  quoted  shows 
that  there  is  abundant  room  for  improvement  from  better 
maintenance,  better  management  and  the  use  of  good  fuel, 
and  that  it  cannot  be  assumed  that  modern  locomotives  have 
reached  a  maximum  degree  of  efficiency  or  economy. 

The  attention,  too,  of  locomotive  superintendents  is  called 
to  the  remarkable  figures  in  our  table.  Who  can  match  them  ? 
and  if  the  degree  of  economy  attained  by  these  engineers  cannot 
be  equaled  on  other  roads,  it  would  be  a  very  pertinent  in- 
quiry to  ask.  Why  not  ? 

A  noteworthy  fact,  too,  is  that  both  Mr.  Buchanan's  and 
Mr.  Dean's  simple  engines  were  more  economical  than  Mr. 
Webb's  compound  passenger  locomotive,  although  the  rela- 
tive weight  of  train  to  that  of  the  engine  and  tender  was  not 
quite  so  great  with  the  simple  machine  as  it  was  with  the  com- 
pound, but  the  speeds  were  higher.  It  would  be  opportune 
to  challenge  the  advocates  of  compound  locomotives  in  this 
country  to  give  us  some  similar  data  with  reference  to  their 
performance  corresponding  to  that  which  is  given  in  our  table. 
In  that  it  appears  that  trains  more  than  twice  as  heavy  as  the 
engine  and  tender  are  hauled  at  speeds  of  over  50  miles  per 
hour  with  a  consumption  of  coal  of  a  little  over  2J  oz.  per  ton 
of  cars  and  contents  per  mile.  If  any  compound  engine  in 
this  country  can  beat  this,  it  is  desirable  to  know  it.  Who  will 
give  us  a  test  similar  to  that  which  Mr.  Webb  has  made,  of 
one  of  our  heavy  freight  engines  ?  His  simple  engine  burned 
a  little  over  If  oz.  per  ton  of  train  per  mile,  while  his  com- 
pound consumed  only  \\  oz.  Who  in  this  country  can  match 
this  either  with  simple  or  compound  engines? 


NEW   PUBLICATIONS. 


Index  to  Technical  Journals. 

The  Enginering  MaQaeiito  has  added  an  annex  to  its  differ- 
ent departments  in  which  it  reports  the  progress  of  the  science 
and  art  to  which  it  is  devoted.  These  departments  are  Archi- 
tecture and  Building  ;  Civil  Engineering  ;  Domestic  Engineer- 
ing ;  Electricity  ;  Industrial  Sociology  ;  Marine  Engineering  : 
Mechanical  Engineering  ;  Mining  and  Metallurgy  ;  Municipal 
Engineering  ;  Railroading  ;  Street  Railways,  and  Scientific 
Miscellany.  At  the  end  of  each  of  these  departments  an  index 
to  leading  articles  which  have  appeared  in  different  publica- 
tions during  the  preceding  month  is  given,  and  which  will  be 
found  useful  by  all  who  are  interested  in  the  subjects  to  which 
these  articles  relate.  It  is  to  be  regretted,  though,  that  the 
various  efforts  which  are  now  being  made  to  index  current 
technical  literature  cannot  be  combined  in  some  way.  An 
index  to  the  indexes  will  soon  be  needed. 


Through  Locomotive  Works.  Being  Advice  to  Young  Me- 
chanical Engineers.  By  Randal  W.  McDonnell.  Dublin  : 
William  McGee  ;  London  :  Simpkin,  Marshall,  Hamilton, 
Kent  &  Co.     61  pp.,  5  X  7*  in. 

This  little  book,  which  can  be  read  in  a  half  hour  or  less, 
will  carry  those  who  have  been  through  the  shops  back  to  the 
recollection  of  their  earl}-  days,  when  it  seemed  to  some  of  us 
that  we  had  a  hard  road  to  travel.  The  advice  and  experience 
of  the  writer  are  interesting,  but  will  not  be  of  very  great  value 
to  any  who  have  to  go  over  the  road  which  he  attempts  to  blaze. 
Unfortunately,  we  all  find  out  the  value  of  good  advice  when  it 
is  too  late.  In  the  present  instance  there  is  not  much  room  for 
this  bitter  reflection,  because  the  author  does  not  give  much 
advice,  but  contents  himself  by  describing  very  briefly  what 
his  own  experience  in  the  shop  was.  It  will  give  a  reader  an 
idea  of  what  an  apprentice  in  an  English  or  Irish  locomotive 
shop  must  encounter.  At  the  present  day,  when  government 
by  trades  unions  and  walking  delegates  is  impending,  there 
seems  to  be  a  dearth  of  the  kind  of  literature  which  was  in- 
tended to  be  a  guide  to  apprentices.  There  is  a  superabun- 
dance of  technical  literature— such  as  it  is— but  it  seems  as 
though  it  would  be  wholesome  to  impress  upon  apprentices 
and  mechanics  at  times  the  obligation  of  obeying  the  ten  com- 
mandments, faithfulness  to  employers,  and  directions  to  those 
who  have  been  without  early  advantages  how  to  improve  their 
minds.  In  none  of  these  directions  has  the  book  before  us 
much  value. 


Catalogue  op  the  Exhibit  op  the  Pennsylvania  Rail- 
road Company  at  the  World's  Columbian  Exposition, 
under  the  Direction  of  Theodore  N.  Ely,  Chief  of  Motive 
Power,  and  J.  Elfreth  Watkins,  Special  Agent  in  Charge 
of  Exhibit.     The  Pennsylvania  Railroad  Company,  Phila- 
delphia.    About  180  pp.,  5f  X  11}  in. 
Mr.  Ely's  name  is  always  a  synonym  of  good  taste,  no  mat- 
ter whether  it  is  attached  to  the  design  of  a  car,  the  furnishing 
of  a  room,  or  the  typography  and  illustrations  of  a  book.     The 
volume  before  us  is  a  confirmation  of  this  observation.     It  is 
admirably  printed,  illustrated  and  arranged.     The  paper  is  of 
a  heavy  "coated"  quality,   which,  besides  having  positive 
merits,  has  also  the  negative  one  of  not  smelling  bad,  which 
fault  is  often  a  cause  of  offense  in  that  material. 

In  a  preface  it  is  said  that  "  It  is  the  purpose  of  the  Exhibit 
not  only  to  perpetuate  the  early  history  of  the  Pennsylvania 
Railroad  Companv  and  of  the  lines  merged  into  or  associated 
in  interest  with  it,"  but  also  to  place  permanently  upon  record 
the  results  that  have  attended  the  efforts  of  the  management 
to  introduce  those  advanced  methods  in  the  art  of  transporta- 
tion which  have  culminated  in  such  a  high  degree  of  efficiency 
as  to  entitle  the  Pennsylvania  to  be  known  as  '  the  standard 
railroad  of  America.'  " 

In  a  circular  enclosed  with  the  volume  it  is  also  said  that 
the  exhibit  described  has  been  sent  to  the  Field  Columbian 
Museum,  of  Chicago,  by  the  Pennsylvania  Railroad  Company, 
and  is  now  installed  in  the  museum  building  in  Jackson  Park, 
Chicago. 

The  book  is  elaborately  illustrated,  first  with  views  of  the 
beautiful  building  in  which  the  Exhibit  was  housed  during 
the  Exposition,  a  map  of  the  grounds,  and  some  of  the  out- 
door exhibits.  It  is  to  be  regretted,  though,  that  the  engrav- 
ings of  the  building  were  made  on  so  small  a  scale.  They  are 
printed  on  a  large  page,  which  would  have  admitted  of  the 
illustrations  being  made  of  nearly  twice  the  area  they  now  are, 
in  which  form  they  would  have  been  much  more  effective 
than  they  appear. 
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A  review  of  a  catalogue  of  this  kind  is  almost  a  hopeless 
task.  It  is  like  reviewing  a  dictionary.  The  views  referred 
to  are  followed  by  an  excellent  half-tone  engraving  of  the 
celebrated  John  Bull,  built  for  the  Camden  &  Amboy  Rail- 
road, and  its  train,  which  has  been  illustrated  so  often.  This 
is  as  large  as  the  page  will  admit,  and  is  excellent  in  every 
way.  This  is  followed  by  some  views  of  the  cars  for  the  laige 
guns  which  were  exhibited.  Then  there  are  drawings  or  views 
of  cars,  of  models  of  an  old  Conestoga  wagon  and  stage  coach, 
canal  boats,  old  locomotives,  tug  and  ferry-boats,  signals, 
bridges,  and  then  a  long  list,  which  fills  about  one-quarter  or  a 
third  of  the  book,  of  "  relics"  in  frames  and  cases,  on  which  we 
might  descant  to  the  extent  of  many  pages.  A  series  of  excel- 
lent views  of  modern  equipment  locomotives  and  cars  is  also  a 
feature.  Again  we  wonder  that  the  scale  of  these  was  not  in- 
creased, for  which  there  was  abundant  room.  The  book  ends 
with  a  series  of  facsimile  engravings  of  old  posters,  way  bills, 
tickets,  etc. 

There  is  no  index  though,  which  is  the  only  serious  fault  we 
can  find  with  the  publication. 


Centrifugal  Pumps,  an  Essay  on  their  Construction  and 
Operation,  and  some  Account  of  the  Origin  and  Development 
in  this  and  other  Countries.  By  John  Richards.  San  Fran- 
cisco :  The  Industrial  Publishing  Company.  68  pp.,  6i  X 
9iin.;  $1.00. 

Mr.  Richards's  book  consists  of  the  articles  which  were  re- 
published from  Industries—  the  paper  of  which  he  is  the  editor 
— in  recent  numbers  of  the  American  Engineer.  In  these 
articles  the  author  says  he  has  dealt  with  the  subject  empiri- 
cally, and  in  many  cases  has  felt  called  upon  to  controvert  as- 
sumed data.  He  says,  further,  that  the  principles  of  centrifu- 
gal pumps  defy  the  mathematician,  and  for  this  reason  there 
is  little  literature  which  has  aided  the  makers  of  such  pumps 
to  any  considerable  extent.  The  author  continues  in  his  intro- 
duction to  say  that  "  formula?,  such  as  exist,  are  ignored  by 
the  practical  pump-maker,  who  soon  learns,  to  his  cost  some- 
times, that  computations  will  not  supply  proportions  or  define 
the  working  conditions  required,  and  that  he  must  proceed 
tentatively  and  tediously  to  ascertain  the  best  forms  of  con- 
struction for  particular  uses,  and  for  the  head  and  pressure  in 
each  case."  This  latter  quotation  will  give  the  keynote  of  the 
articles  which  form  the  book  before  us,  the  title  of  which 
should  have  been  "  Practical  Notes  on  Centrifugal  Pumps." 
It  can  hardly  be  regarded  as  a  treatise  on  the  subject,  for  the 
reason  that  it  is  not  sufficiently  comprehensive.  Its  general 
defect  is  that  the  author  has  assumed  that  his  readers  knew 
much  more  about  centrifugal  pumps  than  they  do.  It  is  al- 
ways safe  to  assume,  in  beginning  a  book,  that  the  persons 
who  will  read  it  know  nothing  about  the  subject  of  which  it 
treats  ;  and  it  is  a  fact  that  no  matter  how  well  acquainted 
with  a  subject  a  person  is,  he  nearly  always  enjoys  and,  to  a 
greater  or  lesser  extent,  is  profited  by  reading  clear,  elementary 
expositions  of  it.  The  interest  and  profitableness  of  Sir.  Rich- 
ards's essay  would  have  been  much  increased  to  many  of  his 
readers  who,  like  his  reviewer,  are  not  experts  in  hydraulic  en- 
gineering, if  he  had  explained  a  little  more  fully  in  the  begin- 
ning the  principles  on  which  centrifugal  pumps  work,  and 
had  described  more  fully  general  forms  of  construction.  It 
should  be  said,  though,  in  justice  to  the  author,  that  this  de- 
ficiency in  his  work  is  due  to  the  ignorance  of  the  general 
reader,  which  it  is  always  safe  to  assume. 

From  the  introductory  page  of  the  book  to  its  end  it  is  obvi- 
ous, though,  that  it  is  the  work  of  an  expert  in  the  subject  of 
which  it  treats.  In  writing  he  has  not  taken  the  trouble  often 
to  explain  the  processes  and  reasons  which  have  led  him  to 
reach  his  conclusions,  but  in  a  sort  of  discursive,  conversa- 
tional way  he  tells  his  readers  the  results  of  his  experience, 
observation  and  reflection  in  dealing  with  the  branch  of  engi- 
neering which  he  has  written.  There  is  a  sort  of  machine  shop 
flavor  about  what  he  has  written  which  to  many  readers  is 
much  more  stimulating  than  the  speculative  class-room  style 
which  is  now  so  prevalent  in  much  technical  literature.  Mr. 
Richards  tells  us  what  he  has  learned  in  building  centrifu- 
gal pumps,  and  explains  the  difficulties  he  has  encountered  in 
making  them  work  ;  and  he  does  this  in  a  very  direct  and 
clear  way,  which  is  not  difficult  to  understand. 

The  first  part  of  the  book  is  on  Constructive  Features,  and 
consists  largely  of  practical  observations  with  reference  to  their 
plan,  forms  and  proportions.  The  second  part  is  a  History  of 
Centrifugal  Pumps,  which  we  are  inclined  to  believe  might 
have  been  more  fully  elaborated,  and  many  readers  will  heart- 
ily agree  with  what  is  said  in  a  foot-note  on  page  35,  that  "  it 
is  to  be  regretted  that  notes  of  the  various  references  consulted 


by  the  author  in  1886  have  been  mislaid  or  destroyed,  other- 
wise citations  would  have  been  given  here.  The  search, 
mainly  in  serial  literature  of  the  time,  was  too  long  to  be  re- 
peated." 

The  appendix  consists  of  communications  from  engineers 
and  makers  of  centrifugal  pumping  machinery  on  the  Pacific 
coast,  which  will  interest  many  readers.  Altogether,  Mr. 
Richards's  essay  may  be  described  as  a  practical  book  by  a 
practical  man  on  a  practical  subject. 


The    Construction    of   the    Modern    Locomotive.    By 

George  Hughes,  Assistant  in  the  Chief  Mechanical  Engi- 

fneer's  Department,  Lancashire  &  Yorkshire  Railway.    New 

York  :  Spon  &  Chamberlain.     261  pp.,  5i  X  8$  in.     Price, 

$3.50. 

Usually  a  reviewer  can  get  at  least  some  idea  of  the  character 
and  scope  of  a  book  from  the  title  and  the  author's  preface. 
In  the  present  instance  the  title,  "  The  Construction  of  Loco- 
motives," and  the  statement  in  the  preface  that  the  design  of 
locomotives  has  not  been  touched  upon,  as  it  does  not  come 
within  the  scope  of  the  author's  plan,  gives  a  clew  to  the 
general  purpose  of  the  writer,  who  has  divided  his  subject 
into  three  sections  :  The  Boiler  ;  The  Foundry,  and  Forgings. 
The  second  of  these  treats  of  the  Iron  Foundry  ;  The  Use  of 
Steel  Castings  ;  and  the  Brass  Foundry.  The  third  is  on  the 
Forge  ;  Smithy,  including  Springs  ;  Coppersmiths'  Work  ; 
the  Machine  Shop  and  Erecting.  The  last  two  subjects,  it 
would  seem,  should  have  been  treated  in  a  separate  section. 

That  it  should  be  impossible  to  treat  the  subject  of  "  boiler 
construction"  exhaustively  in  36  pages  of  about  375  words  on 
each  is  obvious.  Twenty-seven  pages  are  devoted  to  the  Iron 
Foundry,  31  to  the  Brass  Foundry,  56  to  Forgings,  nine  to 
Coppersmiths'  Work,  45  to  the  Machine  Shop,  and  23  to 
Electing.  Obviously  the  treatment  of  all  these  subjects  must 
be  and  is  superficial.  Nevertheless,  the  author  gives  his  read- 
ers much  interesting  and  valuable  information  in  a  style 
which  may  be  described  as  a  kind  of  technical  prattle.  The 
book  is  written  somewhat  as  some  loquacious  women  talk. 
The  author  seems  to  be  full  of  his  subject,  and  has  an  im- 
mense amount  of  information  which  he  proceeds  to  record  in  a 
discursive  sort  of  way,  without  troubling  himself  to  reduce  it 
to  any  systematic  order.  Evidently  he  knows  a  great  deal  about 
his  subject,  but  probably  is  more  at  home  in  a  machine  shop 
than  at  an  author's  desk.  The  book  is  full  of  hints  and  sug- 
gestions which  will  be  interesting  to  the  novice,  and  many  of 
them  to  the  veteran  in  locomotive  building.  The  value  of  the 
book  for  the  former  would,  however,  have  been  much  increased 
if  the  descriptions  and  explanations  had  been  made  more  ele- 
mentary and  comprehensive,  and  to  experienced  mechanical 
engineers  it  would  be  more  interesting  if  it  had  been  made  less 
elementary.  As  it  was  written  it  hardly  seems  to  meet  the 
wants  of  either  class  fully,  although  persons  belonging  to  each 
can  read  it  with  interest  and  profit. 

It  is  illustrated  with  over  300  outline  engravings,  most  of 
them  very  poor  "process"  illustrations,  for  the  badness  of 
which  there  can  be  no  adequate  excuse  in  these  days  of  cheap 
engraving.  Some  of  the  drawings,  too,  are  hardly  up  to  the 
standard  to  which  the  illustrations  in  such  a  book  at  the  pres- 
ent day  should  conform.  The  one  on  page  14  is  an  example. 
Nearly  all  the  illustrations  aie,  however,  made  from  original 
drawings,  which  merit  will  cover  many  sins. 

The  frontispiece  is  a  folded  plate  printed  from  a  wood-en- 
graving, and  represents  a  six-wheeled  coupled  "  goods"  engine 
designed  Mr.  John  A.  F.  Aspinall,  Chief  Mechanical  Engineer 
of  the  Lancashire  &  Yorkshire  Railway.  A  sectional  view  of 
this  engine  is  given  in  the  chapter  relating  to  Erecting,  and 
other  views  showing  it  or  its  parts  in  successive  stages  of  con- 
struction will  give  a  student  or  apprentice  a  very  good  idea  of 
the  processes  by  which  the  parts  of  a  locomotive  are  assembled 
and  put  together. 

The  chapter  on  Steel  Castings  is  a  new  one  in  a  book  on  the 
locomotive,  and  is  demanded  by  the  extended  use  which  is 
now  made  of  that  kind  of  material.  A  list  of  parts  which  are 
made  of  steel  castings  on  the  locomotive  referred  to  shows  that 
their  use  is  somewhat  more  extended  in  English  practice  than 
it  is  in  this  country. 

The  book  may  be  read  with  interest  and  profit  by  any  one 
who  is  engaged  either  theoretically  or  practically  in  the  con- 
struction of  locomotives,  be  he  student,  designer,  apprentice, 
mechanic,  or  superintendent  of  motive  power  ;  but  it  belongs 
to  that  class  of  publications  which  makes  the  reviewer  wonder 
why  the  author,  having  taken  as  much  trouble  and  shown  the 
ability  he  did  to  make  the  book  as  good  as  it  is,  did  not  devote 
more  thought  and  work  to  it  and  make  it  a  great  deal  better.^ 
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BOOKS   RECEIVED. 


Practical  Notes  on  Rope  Driving.  By  M.  E.  Reprint- 
ed from  the  Street  Railway  Journal. 

Annual  Report  op  the  Chief  of  the  Bureau  of  Steam 
Engineering.     Washington  :  Government  Printing  Office. 

Aerial  Navigation.  By  A.  P.  Zahm.  Johns  Hopkins 
University  (reprinted  from  the  Journal  of  the  Franklin  Insti- 
tute). 

The  Measurement  and  Division  of  Water.  Bulletin 
No.  27  of  the  Colorado  State  Agricultural  College,  Fort  Col- 
lins, Col. 

"  The  Elementary  Principles  of  Mechanics.  Volume  I, 
Kinematics.  By  A.  Jay  DuBois,  C.E.  New  York  :  John 
Wiley  &  Sons. 

RTReport  of  the  Chicago  Strike.  By  the  United  States 
Strike  Commission  Appointed  by  the  President,  July  26, 1894. 
Washington  :  Government  Printing  Office. 

Accurate  Tables  of  Diameters,  Areas,  Weights,  etc., 
of  Cold-Drawn  Seamless  Tubing.  Calculated  and  Pub- 
lished by  O.  J.  Edwards,  Ellwood  City,  Pa. 

A  Discussion  of  the  Prevailing  Theories  and  Prac- 
tices Relating  to  Sewage  Disposal.  By  Wynkoop  Kier- 
sted,  C.E.     New  York  :  John  Wiley  &  Sons. 

Annual  Report  of  the  Chief  of  the  Bureau  of  Con- 
struction and  Repair  to  the  Secretary  of  the  Navy  of  the 
United  States.     Washington  :  Government  Printing  Office. 

Transition  Curves.  A  Field  Book  for  Engineers,  Con- 
taining Rules  and  Tables  for  Laying  out  Transition  Curves. 
By  Walter  G.  Fox,  C.E.  New  York  :  D.  Van  Nostrand  Com- 
pany. 

Central  Station  Book-keeping  and  Suggested  Forms. 
With  an  Appendix  for  Street  Railways.  By  Horatio  A.  Fos- 
ter, C.E. ,  Member  American  Institute.  New  York  :  The  W.  J. 
Johnston  Company,  Limited. 

R.  F.  Downing  &  Co.'s  New  Tariff  of  United  States 
Customs  Duties.  Containing  full  copy  of  the  Customs  Tariff 
Act  of  1894  and  the  Customs  Administration  Act  of  1890. 
New  York  :  R.  F.  Downing  &  Co. 

Catechism  of  Car  Painting.  By  Frederick  S.  Ball,  Mas- 
ter Car  Painter,  Pennsylvania  Railroad,  Altoona,  Pa.  Re- 
printed from  the  Proceedings  of  the  Master  Car  and  Locomo- 
tive Painters'  Association  by  the  Railroad  Car  Journal.  New 
Y'ork. 


TRADE    CATALOGUES. 


T  Messrs.  Beamen  &  Smith  send  us  what  they  call  their 
"  Special  Pamphlet  No.  1,"  which  is  a  little  sixteen-page 
folder,  illustrating  and  describing  their  horizontal  spindle 
drilling  and  boring  machine  and  its  uses.  The  illustrations 
are  outline  drawings,  and  show  very  clearly  the  uses  to  which 
this  machine  may  be  put.  The  last  page  contains  illustra- 
tions of  milling  machines  made  by  this  firm. 

1895  Illustrated  Catalogue  and  Price-list  of  the 
Lunkenheimer  Company,  Manufacturers  of  Superior  Brass 
and  Iron  Valves,  Lubricators,  and  Steam  Specialities.  Cin- 
cinnati, O.    107  pp.,  6f  X  9  in. 

In  this  book  the  publishers  give  illustrations,  descriptions, 
and  lists  of  the  various  sizes  and  kinds  of  articles  which  they 
manufacture.  These  include,  first,  a  great  variety  of  gate, 
globe,  cheek,  throttle,  and  safety-valves,  cocks,  whistles,  low- 
water  alarms,  water-gauges,  and  columns,  steam-gauges,  lubri- 
cators, oil  injectors,  etc.  By  actual  count  the  book  contains 
185  engravings,  which  will  be  an  indication  of  the  variety  of 
articles  which  this  Company  manufactures. 


Cutters,  Brown  &  Sharpe  Manufacturing  Company,  Provi- 
dence. R.  I.    24  pp.,  6  X  9  in. 

This  publication  is  devoted  especially  to  the  illustration  of 
milling  ' '  cutters,"  which  are  made  by  this  Company.  In  the 
preface  it  is  said  that  "  most  of  the  illustrations  are  selected 
to  suggest  our  facilities  for  special  work."  The  engravings 
are  half-tone  work,  and  with  the  exception  of  one  are  nearly 
full  size,  and  include  an  involute  gear  cutter,  side  milling 
cutter,  several  special  forms  of  cutters,  metal  slitting  saws,  a 
large  milling  cutter,  others  with  inserted  teeth,  and  a  gang  of 


cutters.  This  illustrative  pamphlet  gives  an  idea  of  the  great 
variety  of  work  which  is  now  done  on  milling  machines,  the 
use  of  which  seems  to  be  extending  more  and  more  each  year. 


Modern  Methods  of  Handling  Fuel,  as  Practised  in 
Locomotive  Coaling  Stations,  Electric  Light,  and  Street  Railway 
Power  Plants.  The  Link  Belt  Machinery  Company,  Chicago, 
111.     24  pp.,  74  X  9  in. 

The  manufacturers  have  here  given  a  series  of  half-tone  en- 
gravings of  10  different  coaling  stations  on  railroads  ;  then 
some  views  in  boiler-rooms,  coal  pockets,  conveyors,  and 
other  coal  handling  plant,  etc.  The  last  engraving  represents 
a  view  in  the  boiler-room  of  Swift  &  Company,  at  the  Union 
Stock  Yards,  Chicago,  and  shows  a  "  Standard"  water-tube 
boiler  furnished  by  the  Link  Belt  Machinery  Company. 

The  illustrations  are  all  very  good,  but  would  be  more  effec- 
tive, it  is  thought,  if  they  were  printed  in  black  instead  of 
blue  ink,  as  they  are. 

The  Maydole  FLammers.  Manufactured  from  solid  cruci- 
ble cast  steel  by  the  David  Maydole  Hammer  Company,  Nor- 
wich, Chenango  County,  N.  Y.     32  pp.,  6  X  9i  in. 

This  book  is  an  illustration  of  how  an  art  is  evolved,  as 
Herbeit  Spencer  says,  "  from  the  homogeneous  to  the  hetero- 
geneous." It  is  an  advance  from  the  simple  to  the  complex. 
A  hammer  would  seem  to  be  a  very  simple  implement,  and  yet 
here  we  have  such  tools  designed  for  a  dozen  different  pur- 
poses, each  kind  with  some  special  feature  to  meet  the  require- 
ments for  which  it  is  used.  There  are  nail  hammers,  hammers 
for  farriers,  horseshoers,  blacksmiths,  engineers,  carriage  iron- 
ers,  machinists  (four  styles),  coopers,  tinners,  riveting,  boiler- 
makers,  brick-layers,  stone-cutters'  and  masons'  hammers,  all 
of  which  are  represented  by  good  engravings,  printed  in  two 
tints. 


Illustrated  Catalogue  of  Bell's  Improved  Patent 
Steam  Hammers.  By  David  Bell,  Builder  of  Iron  Ships, 
Iron  and  Steel  Steam  Yachts,  Engines  and  Boilers,  Improved 
Propeller  Wheels.     Buffalo,  N.  Y.     24  pp.,  5  X  6  in. 

The  author  in  his  catalogue  gives  us  first  a  picture  of  him- 
self, which  makes  us  acquainted  with  him  ;  opposite  to  this 
his  publication  contains  a  picture  of  his  office  and  works. 
After  these  there  is  a  description  and  very  good  wood-cuts  of 
the  steam  hammers  which  he  makes.  These  are  of  the  variety 
which  have  a  large  piston-rod  which  acts  as  a  guide  to  the 
hammer-head.  Four  sizes  of  these  are  illustrated,  and  a  long 
list  of  names  of  firms  and  companies  which  are  using  these 
machines.  Some  views  in  the  beautiful  city  of  Buffalo,  and 
also  one  of  a  lake  ship  and  "  Bell's  speed  propeller  wheels," 
complete  it. 

The  Thurman  Fuel  Oil  Burner  Company's  System  op 
Burning  Crude  Petroleum,  as  a  Substitute  for  Coal,  Coke, 
and  Wood  for  Boilers,  Furnaces,  Forges,  Ovens,  Briers,  Brick- 
Kilns,  Potteries,  etc.     36  pp.,  6  X  9  in. 

This  pamphlet  opens  with  advertisements  of  this  device, 
which  are  followed  by  engravings  showing  a  perspective  view 
of  the  boiler  plant  at  the  Columbian  Exhibition.^  Outline  en- 
gravings and  descriptions  are  then  given,  showing  the  appli- 
cation of  the  device  to  steam  boilers,  forges,  kilns  of  various 
kinds,  and  a  sand-drier.  These  descriptions  are  followed  by 
testimonial  letters,  and  the  volume  concludes  with  several 
articles  in  which  the  advantages  of  oil  as  a  fuel  are  set  forth. 
A  small  folded  circular  was  also  sent  with  the  pamphlet  de- 
scribing the  application  of  the  burner  to  grates  and  other 
domestic  purposes. 

Steam,  Hydraulic,  and  other  Cranes.  Craig  Ridge- 
way  &  Son,  Coatesville,  Pa.     40  pp.,  6i  X  9  in. 

The  manufacturers  in  this  pamphlet  illustrate  and  describe 
different  kinds  of  their  "  Balanced  Steam  Hydraulic  Cranes," 
which  are  a  specialty  of  their  manufacture.  These  are  nearly 
all  of  the  jib  variety,  which  are  operated  by  a  vertical  cylinder 
which  is  suspended  alongside  the  center  post  opposite  to  the 
jib.  The  piston  is  stationary,  and  is  attached  at  its  lower  end 
by  a  jointed  connection  to  a  tank  or  reservoir  partly  filled  with 
water.  The  power  is  obtained  by  admitting  steam  to  the  top 
of  this  tank  above  the  surface  of  the  water,  which  is  protected 
by  a  baffle-plate  or  float,  so  that  the  steam  does  not  come  in 
contact  directly  with  the  water.  The  pressure  on  the  water 
produced  by  the  steam  is  communicated  to  the  cylinder  and 
piston,  through  the  action  of  which  the  crane  is  operated. 
Cranes  for  a  variety  of  purposes,  such  as  foundries,  blast  fur- 
naces, rolling  mills,  etc.,  are  shown.    The^Company  also 
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manufacture  airhoists,  of  which  they  illustrate  a  variety 
adapted  for  different  purposes.  The  "illustrations  are  wood 
engravings  and  outline  "  process"  reproductions,  and  show 
the  different  forms  of  cranes  to  very  good  advantage. 


Howden  Hot-Draft  System.     Its  Economy,  as  Compared 
with  Natural  Draft.     16  pp.,  5J  X  M  in. 


Performance  of  the  Steel  Steamer.  Harvey  H.  Brown. 
The  Detroit  Dry  Dock  Company  Detroit,  Mich.  21  pp., 
5i  X  64in. 

The  first  of  these  pamphlets  gives  a  description  of  the  con- 
struction of  the  Howden  hot-draft  system  for  marine  boilers 
and  a  statement  of  its  advantages,  and  gives  engravings  which 
represent  sectional  views  of  a  boiler,  with  this  appliance. 
These  are  printed  in  red  ink,  which,  it  is  thought,  detracts 
somewhat  from  their  clearness.  The  construction  is  ex- 
plained, and  a  history  is  given  of  the  development  of  this  in- 
vention, which  has  been  extensively  applied  to  steamers  in 
Europe. 

The  second  pamphlet  gives  a  report  of  an  experimental  test 
of  a  round  trip  of  the  steamer  Harrey  H.  Brown,  which  was 
made  in  the  lakes  while  carrying  iron  ore  from  Lake  Superior 
ports  to  Lake  Erie  ports.  The  tests  were  conducted  and  re- 
ported by  George  C.  Shepard,  of  Cleveland,  O.  The  dimen- 
sions of  thj  ship  are  given,  a  synopsis  of  log.  indicator  dia- 
grams and  data,  and  general  results  of  the  test.  The  Detroit 
Dry  Dock  Company  are  the  sole  owners  and  manufacturers  of 
the  Howden  hot-draft  svstem  for  the  lakes. 


The  Johnson  Railroad  Signal  Company.  Rahwat,  X.  J., 
Reference  Book  of  Parts  in  Connection  with  Interlocking  and 
Block  Signalirig.     241  pp.,  4f  X  7  in. 

In  the  preface  to  this  book  the  Johnson  Company  say  : 
"  We  have  purposely  limited  its  scope  to  the  extent  of  deal- 
ing only  with  detail  parts,  in  order  to  facilitate  the  ordering 
of  a  complete  device  or  any  part  thereof. 

"  It  is  our  intention  to  issue  a  new  general  catalogue,  hav- 
ing reference  more  especially  to  the  science  and  art  of  railroad 
signaling,  and  showing  by  diagram  and  explanation  what  we 
consider  the  best  practice  in  connection  with  the  various 
branches  of  the  art." 

The  book  is  beautifully  printed,  and  bound  in  limp  morocco 
covers  with  round  corners.  The  frontispiece  shows  a  view  of 
the  works  at  Rahway,  and  on  the  next  page  is  a  view  of  the 
exhibit  of  the  Company  at  Chicago,  and  on  page  5  is  a  view 
of  the  Johnson  No.  1  interlocking  machine.  Most  of  the  en 
gravings  which  follow  these — and  there  are  a  great  many  of 
them — are  outline  views  of  details  of  signal  apparatus,  although 
there  are  some  half-tone  views  made  from  photographs.  As 
the  publishers  say,  "  All  the  devices  illustrated  are  numbered 
in  order  that  they  may  be  unmistakably  referred  to,  by  nam- 
ing the  page  on  which  the  device  is  shown  and  its  number." 

It  is  an  admirable  specimen  of  a  catalogue  of  this  kind,  is 
of  convenient  size,  and  is  all  in  the  very  best  taste  excepting 
a  few  errata  noted  in  a  slip  at  the  beginning  of  the  volume. 

It  is  copyrighted,  and  the  publishers  have  adopted  the  ex- 
cellent plan  of  offering  it  for  sale  to  the  general  public  at  the 
price  of  $3. 


Catalogue  of  APPARATUS,  Manufactured  and  Sold  by  the 
Sf*rry  Electric  Company.     Cleveland,  O.     38  pp.,  6  x  9  in. 

This  admirably  printed  and  beautifully  illustrated  catalogue 
is  another  illustration  of  the  truth  of  the  remark  of  Herbert 
Spencer,  that  "  of  constructive  imagination,  as  displayed  in 
good  exposition,  men  at  large  appear  to  be  almost  devoid." 
The  Sperry  Company  have  illustrated  their  motors  for  electri- 
cal cars  with  beautiful  half-tone  engravings  made  from  photo- 
graphs, and  have  said  a  great  deal  about  the  merits  of  their 
system,  but  have  not  described  it  so  that  any  one  who  has  no 
knowledge  of  it  can  understand  it.  The  further  observation 
of  Spencer  that  "good  exposition  implies  much  constructive 
imagination.  A  prerequisite  is  the  forming  of  true  ideas  of 
the  mental  states  of  those  who  are  to  be  taught ;  and  a  further 
prerequisite  is  the  imagining  of  methods  by  which,  beginning 
wiih  conceptions  they  possess,  there  may  be  built  up  in  their 
minds  the  conception  they  do  not  possess."  The  author  of 
the  pamphlet  before  us  obviously  has  little  of  this  "  construc- 
tive imagination,"  and  one  wanders  through  the  pages  vainlv 
in  the  effort  to  understand  the  mechanism  which  it  is  there 
attempted  to  describe.  The  engravings  are  excellent.  The 
one  opposite  page  5  is  faithful  to  the  minutest  detail,  even  to 
representing  the  policeman  on  the  rear  platform,  who  looks 
as  though  he  might  be  a  subject  for  investigation  by  the 


Lexow  Committee  ;  but  there  is  nothing  in  this  picture  and 
little  in  any  others  which  helps  us  to  understand  how  these 
cars  are  propelled.  The  same  thing  may  be  said  of  the  de- 
scription of  the  electric  brake  in  the  back  part  of  the  publica- 
tion. The  brake  is  highly  commended,  but  the  reader  who 
is  ignorant  of  its  construction,  who  can  understand  it  from 
the  description  given,  must  be  a  very  astute  person,  and  have 
more  "  constructive  imagination"  than  most  readers  have. 


Reference  Catalogue  (No.  2i,  Giving  Detailed  Plans, 
Illustrations  and  Descriptive  List  of  Interlocking  and 
Signaling  Apparatus,  Manufactured  by  the  National  Switch 
&  Signal  Company,  Easton,  Pa.     154  pp.,  7J  X  10  in. 

A  reviewer  of  trade  catalogues  is  compelled  at  times  to  won- 
der where  luxurious  typography,  paper,  binding,  and  engrav- 
ing will  end.  The  volume  before  us,  with  the  exception  of 
the  cover,  is  not  showy,  and  yet  everything  in  it  is  of  the  very 
best,  and  seems  exactly  suited  to  its  purpose.  The  cover  is  of 
limp  morocco  stamped  with  a  specially  designed  title  of  the 
company,  with  two  semaphores,  one  in  the  safety  and  the  other 
in  the  danger  position.  The  frontispiece  is  a  good  half-tone 
engraving  of  the  works,  which  is  followed  by  the  same  kind 
of  an  illustration  of  their  interlocking  machine.  In  the  pref- 
ace it  is  said  that  this  "  catalogue"  includes  "  such  plans,  de- 
tails and  descriptions  as  appertain  more  directly  to  that  branch 
of  the  art  generally  called  mechanical  work  :  and  while  a  few 
half-tone  pictures  of  electrical  devices  are  shown,  the  details 
and  further  illustration  are  reserved  for  a  future  edition." 

The  principal  portion  of  the  book  is  devoted  to  the  illustra- 
tion and  description  of  the  details  of  different  parts  of  signals 
and  gives  the  numbers  by  which  they  are  designated.  The 
system  of  numbering  is  a  modification  of  the  Dewey  system 
which  is  explained.  The  engravings  are  shown  in  white  lines 
on  a  blue  ground,  and  represent!  blue  prints  very  closely. 
They  are  all  admirable  examples  of  clear,  neat  drawings,  with 
nothing  superfluous,  and  yet  they  show  everything  that  is  re- 
quired to  be  shown.  In  some  few  cases  the  reduction  of  the 
drawings  has  been  so  great  that  definiteness  of  the  engravings 
has  been  lost,  but  that  is  only  in  a  very  few  instances,  as  on 
page  92. 

The  last  part  of  the  book  contains  half-tone  engravings  of  a 
two-arm  dwarf  signal,  the  National  Company's  double  wire 
compensator,  a  torpedo  signal,  several  illustrations  of  an  elec- 
tric slot  and  semaphore,  the  National  block  signal  and  its 
motor.  A  view  on  the  line  of  the  Central  Railroad  of  New 
Jersey,  showing  one  of  the  automatic  semaphores  in  advance 
of  a  cut  and  curve  with  the  signal  cabin,  and  a  good  index 
complete  this  admirable  publication. 


NOTES  AND  NEWS. 


The  Three  New  Torpedo  Boats.— The  three  new  boats  of 
this  class  which  were  authorized  by  the  Naval  Appropriation 
Rill  will,  it  is  said,  in  general  plan  follow  the  design  of  the 
Ericsson,  and  have  a  speed  of  about  24}  knots.  This  will  fall 
far  short  of  the  speed  of  the  new  Yarrow  and  Thorneycroft 
boats,  or  even  of  those  of  Schichau  and  Normand.  The  rea- 
son for  this,  it  is  said,  is  that  the  appropriations  and  the  dimen- 
sions to  which  the  boats  are  limited  will  not  admit  of  as  high 
a  speed  as  has  been  attained  by  some  of  the  most  recent  foreign 
boats.  The  Hornet,  it  will  be  remembered,  reached  a  speed 
exceeding  28  knots  as  a  maximum  ;  and  the  Daring,  another 
Thorneycroft  boat,  reached  the  striking  speed  of  29.268  knots 
for  a  single  knot.  The  AdUr,  built  by  Schichau,  of  Elbing, 
for  Russia,  reached  the  great  average  of  27.4  knots.  A  couple 
of  Yarrow  boats  built  for  Italy  reached  a  speed  of  25.1  and 
24.96  knots  respectively.  The  Forban — now  building  by  Nor- 
mand, of  Cherbourg — is  said  to  have  a  designed  speed  of  30 
knots  ;  and  an  aluminum  torpedo-boat  is  spoken  of  which  it  is 
expected  will  have  the  astonishing  speed  of  31  knots.  In  the 
mean  while,  much  doubt  is  expressed  with  reference  to  the 
actual  value  of  torpedo-boats  in  naval  warfare. 

Oil  Burning  on  the  Austrian  State  Railway.— The  Zei- 
tungdes  Yereins  publishes  the  following  report  regarding  some 
tests  of  oil  burning  which  have  recently  been  made  on  the 
Austrian  State  Railway.  Excellent  results  have  been  obtained 
from  these  tests,  and  they  show  that  it  is  possible  to  obtain 
complete  combustion  without  any  smoke  by  using  injectors 
which  throw  the  liquid  fuel  over  the  lighted  coal  in  such  a 
way  that  mixed  with  the  quantity  of  air  necessary,  the  com- 
bustion is  complete.  The  liquid  fuel,  which  is  the  residue  of 
the  petroleum,  is  placed  in  the  tank  of  the  tender,  and  which 
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in  winter  time  is  heated  to  prevent  coagulation.  The  action 
of  the  oil  is  so  energetic  that  the  steam  pressure  of  a  locomo- 
tive heated  in  this  way  can  be  raised  in  three  minutes  from 
three  to  ten  atmospheres,  while  with  coal  alone  6$  minutes  are 
required.  On  long  runs  the  steam  pressure  can  be  kept  at 
maximum  pressure,  while  the  engineer  has  absolute  control  of 
the  fire,  which  he  can  check  or  increase  in  intensity  as  produc- 
tion of  steam  may  require.  This  method  is  to  be  applied  to 
the  engines  of  the  Metropolitan  Railway  of  Vienna.  It  is  a 
system  designed  by  Mr.  Holden  of  the  Great  Eastern  Railway 
of  England,  which  has  been  described  in  previous  issues  of 
this  paper. 

Superheated  Steam. — The  economical  advantages  of  super- 
heated steam  are  claimed  to  be  exhibited  in  a  remarkable  de- 
gree by  the  Serpollet  motor,  lengthy  accounts  of  which  have 
appeared  in  the  foreign  papers.  This  motor  is  described  as 
having  a  single  horizontal  cylinder  of  5^  in.  in  diameter  and 
stroke  ;  the  cut-off  was  fixed  at  66  per  cent,  of  the  stroke,  the 
admission  pressure  was  58  lbs.  per  square  inch,  and  the  revo- 
lutions 284  per  minute.  The  brake  H.P.  on  a  four  hours'  trial 
averaged  4.57  H.P.,  and  the  steam  consumption  was  but 
29.87  lbs.  per  brake  H.P.  an  hour.  The  advantage  thus  indi- 
cated is  credited  to  the  boiler,  which  supplies  superheated 
steam  ;  this  boiler  consisting  of  a  stout  tube  flattened  so  as  to 
deform  the  passage  through  into  a  narrow  slit.  The  tube  is 
coiled,  and  has  one  end  connected  with  a  feed  pump  and  the 
other  with  the  engine  to  be  driven.  The  boiler  used  in  these 
tests  had  a  heating  surface  of  nearly  27  sq.  ft.,  and  the  gTate 
area  was  nearly  3  sq.  ft.  The  steam,  though  showing  on  the 
gauge  a  pressure  of  58  lbs.  per  square  inch  only,  had  a  tem- 
perature of  1,009=  F.  on  issuing  from  the  coil,  which  had 
fallen  to  572°  at  the  steam-chest  ;  the  temperature  of  saturated 
steam  at  58  lbs.  pressure  is  about  306°,  so,  as  used  in  the  en- 
gine, was  superheated  by  some  266°.  The  output  of  steam 
was  4.9  lbs.  per  square  foot  of  heating  surface  per  hour  ;  the 
fuel  used  was  briquettes  having  a  heating  power  of  8.28  lbs. 
of  water,  212°  per  pound  of  fuel. 

Device  for  Removing  Driving  Springs. — A.  little  device 
which  we  illustrate  herewith,  is  one  that  is  in  use  in  the  Mid- 
dletown  shops  of  the  New  York,  Onario  &  Western  Railway, 
for  removing  driving  springs.  It  consists  of  a  bar,  C.  turned 
up  at  one  end,  and  provided  with  a  set  screw,  B  ;  this  bar  is 
intended  to  have  one  end  slipped  under  the  head  of  the  rail  and 
the  other  to  lie  held  by  the  set  screw  B,  the  end  coming  under 
the  other  rail  head  directly  beneath  the  location  of  the  springs. 
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The  screw  D  is  placed  with  its  head  bearing  in  a  socket  on  the 
bottom  from  the  main  bar  ;  this  screw  is  turned  by  a  ratchet, 
and  E  A  is  a  nut  of  the  shape  shown  ;  it  is  run  up  on  the 
thread  of  the  screw,  and  the  chain  laid  over  the  spring  and 
caught  in  the  notches  A  as  shown  ;  the  screw  is  then  turned  and 
drawn  down  until  the  chain  tightens  and  the  spring  compressed 
sufficiently  for  the  removal  of  the  keys.  It  is  a  home-made 
affair,  but  very  handy  for  round-house  work. 

A  Tank  on  a  Smokestack.  —A  novel  use  of  a  smokestack 
has  been  made  at  a  French  industrial  establishment.  Where  an 
elevated  tank  was  desired  for  storage  of  water  and  to  give 
pressure,  the  main  smokestack  of  the  works  was  utilized  as  a 
pedestal,  and  the  tank  was  thus  elevated  75  ft.  above  the 
ground  at  a  minimum  expense.  The  tank  is  annular  in  form, 
the  inner  and  outer  walls  being  concentric  with  the  chimney 
and  a  little  distance  removed  from  it.  The  tank  is  supported 
on  a  stone  sill  ring  built  into  a  brick  corbel  on  the  chimney, 
and  is  held  by  radial  angle-iron  struts.  Ladders  pass  between 
the  tank  and  the  chimney  and  down  into  the  tank,  which  has 
the  customary  supply,  discharge  and  overflow  pipes.  An  um- 
brella-shaped sheet-iron  roof  covers  the  tank  and  probably  has 
orifices  to  permit  a  circulation  of  air  in  summer  and  prevent  it 
in  winter,  as  it  is  stated  that  the  annular  air  space  prevents 
any  appreciable  warming  of  the  water  from  the  hot  gases  in 
the  chimney,  while  sufficient  heat  is  received  to  prevent  freez- 
ing in  winter.  The  volume  of  the  reservoir  is  about  3,532  cub. 
ft.,  its  weight,  empty,  11  tons,  and  122  tons  when  full.    Nq 


statement  is  made  concerning  the  location  of  this  chimney, 
but  it  would  appear  that  where  foundations  are  easy  and 
ample  such  a  utilization  of  a  smokestack  for  a  tank  pedestal 
might  prove  convenient  and  economical  if  the  construction 
were  not  too  unsightly,  and  if  sufficient  stiffness  or  ample 
guying  against  the  possible  great  wind  strains  is  provided- 
Armor  Plate  Tests  at  Bethlehem.  — Another  successful 
test  of  the  Bethlehem  Iron  Company's  armor  plate  was  made 
early  in  October  at  the  company's  proving  ground.  The  plate 
tried  was  one  representing  300  tons  of  armor  for  the  battleship 
Texas,  and  all  were  accepted  by  the  Government  officials. 
The  plate  is  12  in.  thick  at  the  bottom  and  tapers  to  6  in.  at 
the  top.  It  is  18  ft.  long  and  &£  ft.  wide,  Harveyized,  and 
weighs  50,000  lbs.  Two  shots  were  fired  at  it  from  an  8-in. 
gun.  The  point  of  impact  of  the  first  shot  was  6  ft.  6  in.  from 
one  side  and  34  in.  from  the  bottom  of  the  plate.  A  250-lb. 
Holtzer  projectile  was  shot  at  the  plate  with  a  charge  of  79$ 
lbs.  of  hexagonal  powder,  at  a  velocity  of  1,678  ft.  per  second. 
The  projectile  was  badly  upset,  and  a  portion  of  it  remained 
in  the  plate,  making  it  difficult  to  determine  the  penetration, 
but  the  Government  officers  estimated  it  at  6  in.  In  the  sec- 
ond shot  110  lbs.  of  powder  were  used,  and  the  same  weight 
and  kind  of  projectile.  The  velocity  was  2,004  ft.  per  second. 
The  point  of  impact  was  40  in.  from  the  side  and  31i  in.  from 
the  top.  The  result  was  almost  the  same  as  that  of  the  first 
shot.  The  shell  was  smashed,  and  a  large  part  remained  im- 
bedded in  the  plate.  The  penetration  was  estimated  at  8  in. 
Neither  of  the  shots  caused  any  bulging  of  the  plate,  and  there 
was  no  disturbance  of  the  backing  or  springing  of  the  bolts 
that  held  the  plate  fast  to  the  large  timbers.  The  plate  fired 
at  was  selected  for  the  test  because  it  was  believed  to  be  the 
poorest  in  the  lot. 

A  Light  Experimental  Railroad. — The  London  Times  re- 
cently published  the  following  account  of  a  light,  narrow- 
gauge  railroad  with  which  a  gentleman  in  England  has.  appar- 
ently, been  amusing  himself  for  some  time  past.  Of  this  road 
it  is  said  : 

"  Mr.  A.  Percival  Hey  wood,  son  of  Sir  Percival  Heywood, 
having  lately  added  largely  to  the  rolling  stock  and  capabili- 
ties of  his  light  railway  of  15  in.  gauge,  invited  recently  a 
number  of  friends  and  others  interested  in  cheap  transport  to 
inspect  the  working  of  the  line  at  Duffield  Bank,  near  Derby. 
Two  small  locomotives,  coupled  all  round,  with  flexible  wheel 
base  and  other  improvements,  were  shown  in  steam,  and  closed 
and  open  bogie  carriages  conveyed  visitors  over  the  line,  half  a 
mile  of  which  was  arranged  to  admit  of  continuous  runs.  Din- 
ing and  sleeping  cars,  together  with  goods  wagons,  vans,  etc., 
conveying  various  loads,  were  shown  at  work.  A  dynamome- 
ter car,  fitted  with  instruments  to  indicate  the  power  and  speed 
of  the  engines,  was  also  exhibited.  The  visitors  inspected  the 
amateur  workshops  and  foundry  adjoining,  where  the  locomo- 
tives and  rolling  stock  were  constructed. 

"The  primary  object  of  the  exhibition  was  to  solve  the 
various  problems  involved  in  the  successful  designing  of  en- 
gines, carriages  And  roadway  of  the  narrow  gauge.  The  chief 
ends  in  view  were,  first,  the  application  of  narrow-gauge  lines 
to  agricultural  and  commercial  purposes,  and,  secondly,  to  the 
requirements  of  military  transport  in  countries  destitute  of 
roads.  The  latter  point  some  years  ago  engaged  the  attention 
of  the  Royal  Engineers. 

"  The  construction  of  this  line  of  15-in.  gauge  was  begun  in 
1874,  and  various  additions  were  made  up  to  1881,  when  the 
length  laid  amounted  to  about  a  mile,  inclusive  of  sidings. 
Since  the  latter  date  there  has  been  no  material  extension,  but 
the  permanent  way  and  its  accessories  have  been  improved. 
The  line  runs  from  the  farm  and  workshops  up  a  gradient, 
varying  from  1  in  10  to  1  in  12,  about  £  mile  long,  to  a  level 
80  ft.  above,  where  the  experimental  course  is  laid  out  in  the 
shape  of  a  figure  8,  so  as  to  admit  of  continuous  runs.  This 
part,  somewhat  more  than  i  mile  in  length,  has  a  level  stretch 
of  i  mile,  the  remainder  consisting  of  gradients  of  which  1  in 
25  is  the  most  severe.  The  maximum  curve  on  the  main  line 
is  of  25  ft.  radius,  but  in  the  sidings  some  occur  which  are  as 
sharp  as  15  ft.  radius.  The  permanent  way  was  at  first  laid 
with  14-lb.  rails,  without  fishplates,  spiked  to  elm  or  Spanish 
chestnut  sleepers,  felled  and  sawn  on  the  premises.  The  line 
is  properly  equipped  with  interlocked  signals  and  points  on  a 
very  simple  plan.  There  are  on  the  railway  three  tunnels, 
two  bridges,  and  a  viaduct  90  ft.  in  length  and  20  ft.  high. 
The  latter  was  built  in  1878  as  an  improvement  upon  a  very 
rickety  one  erected  bv  Mr.  Fell  at  Aldershot,  when  he  induced 
the  War  Office  to  sanction  an  experimental  line  for  army 
transport  purposes.  In  addition  to  a  number  of  wagons,  some 
of  which  are  fitted  with  brakes,  there  are  on  the  line  seven 
bogie  passenger  cars  and  a  bogie  van,  as  well  as  a  variety  of 
miscellaneous  stock  such  as  workmen's  cars,  screw  and  roller 
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rail  benders,  and  dynamometer  car.  Mr.  Heywood  has  also 
built  a  dining  car  and  a  sleeping  car  of  the  same  dimensions  as 
the  cars  already  described. 

"  With  regard  to  the  locomotives  themselves,  they  are 
probably,  for  their  weight,  the  most  powerful  and  flexible  ever 
built  to  work  by  simple  adhesion.  It  appears  that  the  officers 
of  the  Royal  Engineers  have  been  trying  the  engine  with  a 
view  to  adopting  the  plan  on  the  military  railway  at  Chat- 
ham. They  subjected  it  to  very  severe  tests,  loading  it  up 
steep  inclines  to  its  utmost  capacity,  stopping  it  with  the 
steam  brake  almost  dead  when  traveling  at  various  speeds, 
and  over  the  most  awkward  places,  and  finally  giving  it  a 
50-mile  run  with  all  the  load  that  could  be  got  together  at  an 
average  speed  of  1i  miles  an  hour,  stops  being  made  for  water, 
etc.,  for  12  minutes  in  each  hour.  This  was  followed  shortly 
afterward  by  a  continuous  run  with  a  similar  load  for  1  hour 
and  35  minutes,  the  extreme  limit  to  which  the  water  in  the 
tanks  would  hold  out.  There  was  no  heating  of  any  part  dur- 
ing the  trials,  nor  failure  of  any  kind.  After  8  years'  work, 
chiefly  on  gradients  of  1  in  10  to  1  in  12,  where  sand  has  to  be 
used  freely,  the  engine  came  into  the  shops  to  be  overhauled. 
During  this  time  there  had  been  no  mishap  or  breakage  what- 
ever, nor  had  a  wheel  ever  left  the  rails  except  on  one  occa- 
sion." 

"  This  description  has  called  out  considerable  correspondence 
and  discussion  of  the  subject  of  light  railroads,  and  has  elicited 
a  letter  from  the  engineer  of  a  light  railway,  of  which,  appar- 
ently, little  is  known.  The  following  quotation  is  from  this 
letter  : 

"  Incidentally,  I  have  been  somewhat  surprised  that  no  allu- 
sion has  hitherto  been  made  to  the  Swansea  &  Mumbles  Rail- 
way (for  which  I  am  engineer),  authorized  by  special  act  in 
1804 — one  of  the  oldest  and,  I  believe,  most  successful  railways 
of  this  description  in  the  kingdom,  and  fulfilling  all  the  essen- 
tial principles  advocated  by  your  correspondents,  carrying  a 
very  large  traffic,  chiefly  in  passengers,  but  much  general  goods 
also.  I  venture  to  think  this  railway  worthy  of  considerable 
attention,  as  showing  what  has  and  can  be  done  in  this  direc- 
tion in  this  country. 

"  I  entirely  agree  that  such  railways  in  many  rural  and  other 
parts  of  the  country,  connected  at  stations  with  the  existing 
railways,  are  most  desirable  and  the  right  thing,  and  in  this 
opinion  the  late  Mr.  Grierson,  one  of  the  most  capable  railway 
managers  of  his  day,  entirely  concurred  ;  but  I  wholly  disagree 
that  they  should  be  made  of  a  different  gauge,  or  that  there 
would  be  any  real  economy  in  such  light  permanent  way  as  it 
seems  most  of  your  correspondents  contemplate.  The  reasons 
for  this  are  obvious,  but  to  explain  them  in  detail  would  be  too 
great  a  tax  on  your  space.  S.  W.  Yocknky. 

"46  Queen  Anne's  Gate,  Westminster,  S.  W.,  August  31." 

Compound  Locomotives  on  the  Northwestern  Railway  of 
Switzerland. — The  Northwestern  Railway  of  Switzerland  has 
had  a  number  of  simple  and  compound  locomotives  built  by 
the  Winterthur  shops  ;  they  are  identical  in  all  parts,  with  the 
exception  that  in  the  compound  engines  the  high-pressure 
cylinder  on  the  left  side,  which  is  15|  in.  in  diameter,  is  re- 
placed by  a  cylinder  22|  in.  in  diameter,  taking  steam  from 
the  right-hand  cylinder  by  way  of  a  pipe  passing  through  the 
smoke-box.  To  facilitate  the  starting,  an  inner  starting  valve 
is  used,  which  allows  live  steam  to  be  admitted  directly  into 
the  large  cylinder  when  the  throttle  valve  is  opened.  The 
object  of  this  identity  in  the  construction  of  the  engines  is  to 
permit  of  comparative  tests  being  made  of  the  consumption  of 
fuel,  which  have  been  carried  on  for  about  nine  months,  start- 
ing in  August,  1893,  and  extending  through  to  April,  1894. 
For  this  purpose  two  types  of  engines  wen;  successively  de- 
tailed to  haul  the  trains  for  the  same  number  of  trips.  Fur- 
thermore, the  engine  crews  were  transferred  alternately  from 
one  to  the  other.  In  a  word,  the  conditions  of  running  were 
kept  rigorously  the  same  throughout  the  whole  of  this  period. 
The  average  monthly  run  to  each  engine  was  2,625  miles,  with 
an  average  train  load  of  21.17,  axles  loaded  to  five  tons  each. 
The  consumption  of  coal  has  been  taken  from  month  to  month, 
and  has  resulted  in  showing  a  gain  of  from  15  to  16  per  cent, 
in  favor  of  the  compound  locomotive.  Under  these  circum- 
stances the  company  has  decided  to  extend  the  use  of  these 
engines  over  its  system,  and  has  ordered  six  new  ones  from 
the  Winterthur  shops.—  Schicerzerische  Bameitung. 

Life  on  an  Iron-Clad  at  Sea.— Admiral  von  Werner,  a  high 
authority  in  naval  matters  in  Germany,  describes  in  a  work  re- 
cently published  the  behavior  of  armor-plated  men-of-war  in  a 
heavy  sea.  He  says  ;  "  Even  with  a  moderate  gale  and  sea, 
an  armor-plated  cruiser,  if  going  against  the  wind,  will  find 
herself  in  conditions  similar  to  those  of  a  storm— at  least  the 
crew  will  have  that  impression.    The  movements  of  the  stern 


of  the  ship  are  violent  and  exceedingly  disagreeable.  The 
waves,  pushed  by  the  advancing  prow,  sweep  continually  over 
the  ship  from  bow  to  stern.  All  windows  and  portholes  must 
be  closed,  and  air  reaches  the  lower  decks,  where  the  heat  in- 
creases unbearably,  only  through  the  artificial  ventilators. 
With  the  exception  of  the  specially  protected  command  bridge, 
all  the  uncovered  portions  of  the  ship  are  impassable  ;  thus  the 
whole  crew  must  bear  as  well  as  they  can  the  hell  of  the  closed 
decks.  On  such  a  ship  no  one  can  feel  comfortable  ;  and  when 
there  is  a  storm  in  which  a  sailing  ship  wrould  feel  compara- 
tively at  ease,  the  crew  of  an  armor-plated  ship  imagines  itself 
to  be  in  a  heavy  hurricane  which  threatens  destruction  at  every 
minute.  The  long,  narrow  forepart  of  the  ship,  which  is  not 
borne  lightly  by  the  water,  and  is  rendered  extremely  heavy 
by  the  mighty  ram  and  the  armored  deck  and  the  cannon  and 
torpedoes,  forces  the  ship  in  a  high  sea  to  pitchings  and  roll- 
ings of  such  an  extraordinary  kind  that  they  cannot  be  de- 
scribed. The  crew  of  such  a  ship  is  not  only  exposed  to  mor- 
tal dangers,  but  the  voyages  they  make  render  them  physically 
extremely  and  dangerously  nervous  ;  the  mental  impressions 
they  receive  wear  them  out  and  make  the  profession  hateful." 
St.  James's  Gazette. 

The  Effect  of  Firing  Two  Big  Guns  at  Once. — The  effects 
of  two  10-in.  turret  guns  being  fired  simultaneously  are  rather 
astonishing.  A  correspondent  who  was  on  one  of  the  vessels 
taking  part  in  the  manoeuvres  graphically  describes  the  effect 
of  the  concussion.  He  was  leaning  close  to  the  turret,  and 
while  thus  occupied  the  guns  were  fired.  "  For  several  mo- 
ments," he  says,  "  I  wondered  what  hit  me  and  where  I  was 
hit.  I  had  been  regularly  lifted  by  the  concussion,  but  came 
down  quite  whole."  The  glass  that  protects  the  helmsman 
from  the  weather  and  the  windows  in  the  chart  house,  the  glass 
of  which  is  J  in.  thick,  were  smashed  to  atoms.  An  ink-bot- 
tle that  stood  on  the  table  in  the  chart  house  jumped  about  6 
in.,  and  every  drop  of  ink  sprang  out,  but  the  bottle  dropped 
back  to  the  spot  from  which  it  jumped.  Three  water  bottles 
and  three  tumblers  were  on  the  table  in  the  smoking  room, 
both  being  full  of  water.  When  the  guns  were  fired  the  bot- 
tles and  the  tumblers  jumped  into  the  air.  Three  gentlemen 
who  were  in  the  room  also  left  their  seats.  The  bottles  and 
tumblers  fell  back  into  their  old  places,  but  every  drop  of 
water  had  been  spilled  upon  the  table,  though  nothing  had 
been  broken.  The  doctor  was  about  to  extract  a  tooth  from  a 
patient,  and  had  just  got  the  forceps  in  the  right  place  and 
taken  a  firm  hold  when  the  double  explosion  occurred.  Both  he 
and  the  patient  were  lifted,  and  when  they  came  down  again  the 
tooth  was  out.  The  doctor  said  he  had  not  pulled,  and  the 
patient  said  he  had  not  felt  the  tooth  coming  out.  And  in  one 
of  the  cabins  the  bath-tub  had  been  jarred  off  two  of  the  three 
hooks  by  which  it  was  fastened  to  the  ceiling,  and  was  hang- 
ing by  one  hook. — English  Court  Journal. 

Machine  Work  of  the  Bethlehem  Iron  Company. — An 
officer  from  the  Navy  Department,  in  speaking  of  the  work 
which  has  been  done  for  the  Navy  Department  by  the  Beth- 
lehem Iron  Company,  referred  to  the  shafts  of  the  Raleigh  and 
Cincinnati,  and  said  that  when  they  were  delivered  to  the  Navy 
Yard  it  was  found  necessary  to  put  them  in  the  lathe  in  order 
to  do  some  special  fitting  on  them  which  had  not  been  called 
for  in  the  specifications  given  to  the  Bethlehem  Company.  In 
order  to  do  this,  plugs  were  turned  up  and  driven  into  the  hol- 
low shafting,  and  these  latter  were  found  to  be  perfectly 
straight,  6  in.  in  diameter  through  a  13-in.  shaft,  and  the  test- 
ing of  them  with  calipers  from  end  to  end  could  detect  no 
variation  in  the  diameters  ;  and  when  they  were  finally  swung 
in  the  lathes  on  these  plugs  they  ran  as  true  as  though  they 
had  been  on  their  original  centers.  The  template  which  was 
made  for  the  thrust  bearing  for  one  of  these  shafts  was  found 
to  fit  so  accurately  on  the  thrust  bearings  of  the  other  three, 
two  being  used  for  each  ship,  that  on  only  two  of  the  collars 
of  the  whole  four  could  the  faintest  glimmer  of  light  be  seen 
when  the  template  was  in  position.  Everything  was  polished 
and  given  a  smooth  water  finish,  as  fine  as  that  put  upon  the 
finest  and  smallest  of  work.  When  the  eccentrics  were  to  be 
bored  out,  it  was  found  that  one  template  was  insufficient  for 
boring  out  all  of  the  eccentrics  for  all  of  the  engines,  the  shafts 
being  so  accurately  turned  that  any  eccentric  could  be  used 
in  any  position.  When  we  take  into  consideration  the  size 
of  the  work  done  and  the  accuracy,  it  certainly  speaks  well 
not  only  for  American  mechanism,  but  also  for  the  care  and 
accuracy  of  the  work  done  by  the  Bethlehem  Company. 

Ownership  of  Railroads. — The  Interstate  Commerce  Com- 
mission has  recently  compiled  some  interesting  statistics  re- 
garding the  ownership  of  railroads  by  foreign  governments, 
which  may  be  summarized  as  follows  : 

"  It  appears  that  10  countries  do  not  own  or  operate  rail- 
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ways — viz.,  Colombia,  Great  Britain  and  Ireland,  Mexico, 
Paraguay,  Peru,  Spain,  Switzerland,  Turkey,  United  States 
and  Uraguay.  The  following  governments  own  and  operate 
some  of  the  railways  :  Argentina,  Australasia,  Austria-Hun- 
gary, Belgium,  Brazil,  Canada,  Cape  of  Good  Hope,  Chile, 
Denmark,  France,  Germany,  Guatemala,  India,  Japan,  Nor- 
way, Portugal,  Russia  and  Sweden — 18.  The  following  gov- 
ernments own  part  of  their  railways,  but  do  not  operate  any, 
leasing  all  the  present  mileage  to  private  companies — viz., 
Greece,  Holland  and  Italy.  Though  not  claimed  to  be  accu- 
rate, it  is  believed  that  the  foregoing  summary  represents  an 
approximately  correct  statement  of  the  relation  of  the  various 
governments  to  the  railways  of  the  world.  The  relative  rates 
charged  for  freight  and  passenger  service  on  the  government- 
owned  railroads,  and  the  facts  cited  in  connection  with  such 
roads,  are  calculated  to  afford  little  encouragement  to  the  ad- 
vocates of  government  ownership.  A  comparison  of  passen- 
ger charges  per  mile  shows  an  average  in  Great  Britain  of  4.42 
cents  for  first-class,  3.20  cents  for  second-class  and  1.94  cents 
for  third-class.  In  France  the  average  is  3.86  cents  for  first- 
class,  2.86  cents  for  second  class  and  2.08  cents  for  third-class. 
In  Germany  the  rate  is  3.10  Cents  for  first-class,  2.32  cents  for 
second-class  and  1.54  cents  for  third-class.  In  the  United 
States  the  average  charge  is  2.12  cents  a  mile.  The  average 
charges  for  freight  per  ton  per  mile  are  as  follows  :  In  Great 
Britain,  2.80  cents  :  in  France,  2.20  cents  ;  in  Germany,  1.64 
cents  ;  and  in  the  United  States,  1  cent.  The  interest  on  capi- 
tal invested  in  the  several  countries  is  as  follows  :  United  King- 
dom, 4.1  per  cent  ;  France,  3.8  per  cent.  ;  Germany,  5.1  per 
cent.  ;  Russia.  5.3  per  cent.  ;  Austria,  3.1  per  cent  ;  Belgium, 
4.6  per  cent  ;  United  States,  3.1  per  cent." 

A  Trans-Jersey  Ship  Canal. — At  a  recent  meeting  of  the 
Tians-Jersey  Ship  Canal  Commission,  held  in  Philadelphia,  it 
was  decided"  to  adopt  the  report  of  Lewis  M.  Haupt,  Engineer- 
in-Charge,  and  put  parties  in  the  field  at  once  to  survey  two 
proposed  routes.  In  his  report  Mr.  Haupt  found  it  would  be 
commercially  unprofitable  to  build  a  canal  which  it  is  proposed 
to  extend  from  Philadelphia  to  Raritan  Bay  at  tide-water,  as 
there  is  a  general  elevation  of  100  ft.  He  suggests  two  2-j-ft. 
lift  locks.  The  Delaware  &  Raritan  rivers  were  said  to  be  the 
only  available  sources  of  supply.  The  two  routes  suggested 
both  start  from  Bordenlown.  One  goes  through  the  Raritan 
River  and  Bay  and  the  other  reaches  the  sea  by  way  of  Mon- 
mouth Junction  and  Raritan  Bay.  The  first  has  railroad  cross- 
ings and  a  surface  52  ft.  above  the  sea  level,  and  the  second 
has  no  railroad  crossing,  but  would  encounter  ground  90  ft. 
above  sea  level. 

French  Doctors  on  Bicycling. — The  French  Academy  of 
Medicine  has  recently  discussed  the  healthfulness  of  bicycle 
riding  and  unanimously  adopted  the  following  resolution  : 
"  That  the  use  of  the  bicyclette  should  only  be  permitted  after 
a  serious  medical  examination  of  the  would-be  rider."  One 
of  the  Paris  evening  papers  sums  this  resolution  up  by  the 
remark  :  "  One  louis  a  visit,  if  you  please." 

Conundrum. — A  correspondent  who  signs  himself  "  Con- 
ductor" propounded  the  following  recently  in  the  New  York 
Sun  :  "  In  relaying  a  portion  of  the  track  of  the  Erie  Railway 
three  men  are  bringing  in  a  rail  that  is  30  ft.  long.  One  takes 
hold  of  the  end,  the  other  two  have  a  short  wooden  bar  to 
place  under  the  rail  to  assist  in  its  carriage.  At  what  distance 
from  the  opposite  end  to  where  the  single  man  is  placed  must 
the  two  men  be  in  order  that  each  of  the  three  men  may  bear 
exactly  the  same  weight  J" 

Long-Distance  Electricity.— It  is  proposed  to  supply  San 
Francisco  with  electric  power  brought  from  Clear  Lake,  75 
miles  distant,  at  which  point  it  is  estimated  that  30,000  H.P.  is 
available. 

The  New  Navy  Yard  at  Algiers. — Steps  have  just  been 
taken  for  the  purchase  of  additional  land  for  the  new  naval 
station  at  Algiers,  on  the  Mississippi,  opposite  the  lower  part 
of  New  Orleans.  The  establishment  of  a  dry  dock  and  a  navy 
yard  at  this  point  has  been  under  consideration  for  many  years. 
A  commission  was  appointed  under  Secretary  Whitney,  which 
reported  : 

"  After  carefully  weighing  all  the  advantages  and  disadvan- 
tages of  Algiers  as  a  site  for  a  naval  station,  the  commission  is 
of  the  opinion  that,  while  the  spot  is  not  an  ideal  one,  no  other 
place  in  the  Gulf  compares  with  it  in  the  advantages  offered, 
and  that  the  advantages  are  so  many  and  so  great,  and  out- 
weigh the  disadvantages  to  such  an  extent,  that  the  Commis- 
sion has  no  hesitation  in  recommending  the  location  of  the 
Navy  Yard  and  dry  dock  at  the  present  Government  reserva- 
tion at  Alsiers." 

This  report,  howevej,  did  not  finally  settle  the  question  ; 


and  a  second  commission  was  afterward  appointed.  In  gen- 
eral this  commission  concluded  : 

"  That  the  site  ought  to  have  a  deep-water  frontage,  so  as 
to  accommodate  ships  of  the  deepest  draft.  It  was  considered 
a  further  advantage  that  it  should  be  far  enough  up  some 
stream  to  have  fresh  water,  so  that  the  steel  ships  laid  up  at  its 
docks  would  not  deteriorate.  It  must  be  capable  of  defense 
from  attacks,  either  by  sea  or  by  land,  and  would  be  all  the  bet- 
ter for  being  landlocked.  It  required  facilities  for  inland 
transportation,  with  plenty  of  labor  at  hand  and  available,  and 
it  should  be  in  a  healthy  locality." 

In  its  report  the  commission  mentioned  as  primary  requi- 
sites for  the  dry  dock,  "  a  clear  channel  to  the  sea  at  least  26 
ft.  deep,  stability  of  foundation  to  support  a  load  of  15,000 
tons,  and  protection,  either  by  a  distance  of  12  miles  or  by  an 
intervening  elevation  of  ground,  from  gun  fire  from  the  sea." 
With  all  other  things  equal,  proximity  to  a  center  of  commer- 
cial and  naval  interest  was  held  to  be  a  determining  element  in 
the  selection  of  a  site.  Taking  these  points  together,  it  be- 
comes flear  why  this  second  commission  affirmed  the  choice 
of  its  predecessor  ;  and  if  Congress  makes  the  needed  provi- 
sions for  carrying  out  the  plan  the  plan  will  be  carried  forward. 

Rolling  Stock  of  the  Antwerp  Exposition. — At  the  Ant- 
werp Exhibition  there  were  on  view  some  very  interesting 
specimens  of  modern  rolling-stock.  A  six-wheeled  corridor 
coach  of  the  Paris  &  Lyons  Company,  showing  all  the  finish 
and  careful  attention  to  detail  that  usually  marks  French  rail- 
way carriage  building,  took  my  fancy  particularly.  These 
were  two  points  which  I  only  wish  our  English  companies 
would  imitate  in  their  sleeping  cars,  dining  cars  and  other 
similar  vehicles.  Most  people  who  have  traveled  much  in  this 
country  in  sleeping  cars  in  cold  weather  have  known  what  it 
is  to  find  their  heads  next  the  outside  air,  with  nothing  but  a 
thin  sheet  of  glass  and  a  thin  blind  to  protect  them,  and  to 
have  to  put  their  heads  under  the  bed  clothes  to  avoid  being 
frozen,  or,  what  is  even  worse,  waking  up  with  toothache. 
The  Paris  &  Lyons  sleeping-coupes  had  shutters,  hard  wood 
toward  the  outside,  but  padded  with  cloth  on  the  inside  to 
keep  the  cold  out.  Again,  most  of  us  have  known  what  it  is 
to  sit  in  a  dining  car  destitute  of  ventilation  except  by  means 
of  a  window  opening  upward  just  at  the  height  of  the  tables, 
which  in  the  first  place  peppered  the  soup  with  blacks  from 
the  engine,  and  in  the  second  place  tended  to  give  all  but  the 
most  robust  passengers  a  bad  attack  of  lumbago.  In  the  Paris 
&  Lyons  carriage  the  upper  6  in.  of  the  large  fixed  windows 
were  made  to  open  with  a  sash  that  slid  upward  out  of  sight 
into  the  top  framing  of  the  coach. 

But  corridor  carriages  were  by  no  means  confined  to  the 
Antwerp  Exhibition.  Everywhere  on  the  Continent  they  are 
coming  into  use  for  long-distance  express  traffic.  In  Hungary 
they  seem  to  run  almost  nothing  else,  and  alike  in  Austria  and 
South  Germany,  in  Prussia  and  in  Belgium  one  found  them 
on  the  important  trains.  The  continental  carriage-builders, 
less  conservative  than  our  own  home  companies,  have  not  hesi- 
tated to  abolish  altogether,  in  the  case  of  these  carriages,  side 
doors  and  the  footboards  along  the  outside  as  well.  The  con- 
sequence of  course  is  that  they  are  able  to  give  much  more 
room  internally  than  we  can  afford.  No  doubt  the  blocking 
the  gangways  at  important  stations,  when  numbers  of  people 
wish  to  get  in  and  out,  is  a  considerable  objection  to  the  aboli- 
tion of  side  doors.  But  in  practice  this  disadvantage  can  be 
reduced  to  a  minimum  if  guards  and  platform  inspectors  will 
take  the  trouble  to  see  that  no  new  passenger  gets  in  until  the 
last  of  the  arriving  passengers  has  had  time  to  get  out.  There 
is,  however,  one  point  in  connection  with  this  blocking  of 
gangways  of  considerable  interest.  Our  American  cousins 
often  reproach  us  with  the  amount  of  luggage  we  take  with 
us  into  the  carriage,  but  there  can  be  no  doubt  that  continental 
travelers  are  in  most  countries  greater  sinners  in  this  respect 
than  we  are.  Nowhere  is  more  than  66  lbs.  of  luggage  allowed 
free  ;  while  no  free  baggage  at  all  is  the  rule  in  all  important 
countries  except  France  and  Prussia.  Moreover,  the  tendency 
among  continental  railway  officials  is  at  present  in  the  direc- 
tion of  greater  restrictions,  so  that  the  circular  tickets  with 
which  half  the  passengers  in  summer  are  supplied  allow,  even 
in  Prussia,  no  free  luggage.  Add  to  all  this  the  intolerable 
delays  caused  by  the  red-tape  arrangements  for  registering  and 
redelivering  baggage,  and  the  reason  why  the  gangways  of 
continental  trains  are  blocked  not  merely  with  hand  bags,  but 
with  Gladstones  and  portmanteaus  becomes  sufficiently  obvi- 
ous. Before  long  some  more  stringent  regulations  will  evi- 
dently need  to  be  made  in  the  interest  of  the  passengers  at 
large!  Continental  railway  writers  frequently  describe  the  in- 
clusion of  an  allowance  of  "free  luggage  in  the  price  of  a  ticket 
as  a  concession  to  the  rich  people  who  have  luggage  at  the  ex- 
pense of  the  poor  who  hare  none  to  take.    As  far  as  my  ex- 
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perience  goes,  the  truer  formula  would  assert  that  the  abolition 
of  free  luggage  means  the  curtailment  of  the  reasonable  com- 
fort of  a  large  number  of  passengers  in  order  to  afford  room 
in  the  carriage  for  the  heavy  baggage  of  a  small  number  of 
selfish  and  callous  fellow-travelers.  —  Transport. 


PROGRESS  IN  CONSTRUCTION  OF  THE  GREAT 
SIBERIAN  RAILROAD. 


The  Great  Siberian  Railroad,  commenced  at  its  eastern  ter- 
miwus,  Vladivostok,  in  1891,  and  at  its  western  terminus, 
Chelabinsk,  in  1892,  is  now  well  in  progress. 

Besides  the  main  line  from  Chelabinsk  to  Vladivostok  it  was 
decided  at  the  sixteenth  session  of  the  Committee  of  the  Sibe- 
rian Railroad*  to  build  a  branch,  connecting  the  Siberian  Rail- 
road with  the  existing  Oural  Railroad  (Perm-Ekaterinbourg- 
Tumen).  From  different  locations  proposed  for  this  branch, 
the  western  location — Ekaterinbourg-Chelabinsk — was  chosen, 
which  answered  best  to  the  needs  and  interests  of  many  min- 
ing works  of  Oural.  This  branch  was  commenced  in  1894, 
and  will  be  completed  in  1896,  together  with  the  Western 
Siberian  Railroad,  the  chief  engineer  of  which  is  Mr.  Mikha'fl- 
ovski,  who  is  also  charged  with  its  construction.  The  credit 
obtained  for  the  construction  of  this  line  (without  rolling 
stock)  is  6,475,258  roubles. 

Before  giving  data  concerning  the  progress  in  construction 
of  different  lines  composing  the  Great  Siberian  Railroad,  I 
will  explain  the  new  plan  of  the  whole  construction  proposed 
by  the  Minister  of  Finance  in  the  seventeenth  session  of  the 
Committee  of  the  Siberian  Railroad  (May  3-15,  1894). 

According  to  this  proposition,  the  Central  Siberian  Railroad 
to  Irkoutsk  can  be  completed  in  1898  (2  years  earlier  than  was 
supposed) ;  and  the  whole  Oussouri  Line — viz.,  South  Ous- 
souri  from  Vladivostok  to  Grafska,  and  North  Oussouri, 
from  Grafska  to  Khabarovka— can  be  completed  in  1896.  In 
consequence  of  it  the  committee  decided  to  hasten  the  surveys 
of  the  Baikal  and  the  Amour  Lines,  and  the  construction  "of 
the  remaining  lines  in  order  (1)  that  in  1898  not  only  the  Sibe- 
rian Railroad  can  be  carried  from  its  western  terminus  (Chela- 
binsk) to  Irkoutsk,  but  that  the  branch  from  Irkoutsk  to  List- 
vinichnai'a  Harbor  on  the  Baikal  Lake  will  be  ready  ;  and  the 
Trans-Baikal  Line  can  be  completed  ;  and  (2)  that  the  construc- 
tion of  the  Amour  Line  be  finished  in  1901. 

In  the  same  session  the  Minister  of  Ways  and  Communica- 
tions asked  for  credits  for  the  surveys  and  the  location  of  the 
Baikal  and  Amour  lines,  and  for  the  beginning  of  works  on 
the  Trans-Baikal  Line. 

Having  deliberated  on  the  whole  subject,  the  committee  has 
decided  : 

1.  To  approve  of  the  beginning  of  construction  of  the  Trans- 
Baikal  Line  in  1894,  and  to  use  for  this  purpose  at  present  two 
locomotives,  60  wagons,  and  rails  for  100  versts  of  line,  taking 
them  from  the  stock  prepared  for  other  Siberian  lines. 

2.  To  approve  the  surveys  of  the  Amour  and  Baikal  Line. 

3.  And  to  assign  for  these  surveys  credits  of  1,000,000 
roubles  for  the  former  and  250,000  roubles  for  the  latter. 

After  these  general  remarks  I  will  proceed  to  the  progress 
of  works  on  every  line. 

The  Western  Siberian  Railroad,  from  Chelabinsk  to  the  Obi 
River  (884  miles  long)  was  begun  in  1892,  and  will  be  com- 
pleted in  1896.  On  its  western  side  the  track  was  laid  to 
Kourhan  (160  miles)  in  October,  1893,  and  the  construction 
trains  have  been  running  from  Chelabinsk  to  this  citv  from 
October  4,  1893.  In  the  winter  of  1893-94  the  traffic  was 
opened  also  for  local  goods.  The  earthwork  is  here  typical  of 
the  whole  Western  Siberia  ;  it  is  performed  chiefly  by  means 
of  hand-barrows  (litters),  and  when  the  distance  is  too  great, 
by  means  of  horse-barrows  (two  or  four-wheelers).  The  Tobol 
iron  bridge  (1,400  ft.  long  ;  4  spans  of  350  ft.,  with  semipara- 
bolic  girders)  is  now  in  course  of  construction,  and  a  temporary 
timber  bridge  with  loop  line  was  built  in  order  not  to  break 
off  the  track-laying.  The  illustration  (fig.  1)  shows  this  tem- 
porary bridge,  the  Tobol  River,  the  loop  line,  the  provisional 
water  supply  (by  means  of  Korting's  pulsometer),  a  general 
view  of  Kourhan  city,  and  the  store  yard  of  materials  for  the 
construction  of  the  permanent  bridge. 

U  The  foundations  of  Tobol  bridge  are  designed  to  rest  on  cais- 
sons, and  for  four  spans  five  caissons  are  required.  Their 
depth  is  from  50  ft.  lo  60  ft.,  and  the  sinking  of  one  caisson 
requires  from  4  to  6  weeks.  The  sinking  of  the  first  caisson 
was  begun  December  17,  1893,  and  the  fast  (the  fifth)  caisson 
isnow(August,  1894)  already  sunk.  For  the  work  two  25-H.P. 
engines  and  two  old  Vulcan  air  compressors  are  used.     The 
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removal  of  earth  is  performed  by  means  of  sacks  hoisted  by 
endless  wire  moved  by  means  of  a  small  6-H.P.  engine. 

The  annexed  illustrations  (figs.  2,  3  and  4)  show"  the  works 
of  construction  of  the  Tobol  bridge — viz.  :  Fig.  2  shows  the 
pile-driving  for  false  works,  fig.  3  the  sinking  of  a  caisson,  and 
fig.  4  a  group  of  workmen  riveting  a  caisson. 

On  July  11  the  track  was  completed  to  Petropavlovsk  (322 
miles)  and  the  first  locomotive  was  met  by  the  local  authorities 
with  great  ceremony. 

Xear  Petropavlovsk  the  Tshim  River  is  crossed,  for  which 
an  iron  bridge  700  ft.  long  (two  spans  350  ft.)  is  designed. 
The  girders  will  be  semiparabolic,  of  the  same  type  as  for  the 
Tobol  and  Irtish  bridges. 

The  track-laying  advances  rapidly,  the  conditions  existing 
in  a  level  country  being  favorable.  All  the  material  (rails,  ac- 
cessories and  ties)  is  carried  daily  by  two  trains  of  thirty  cars* 
each.  The  ties  are  carried  forward  by 
means  of  horses,  and  only  the  rails  and 
accessories  are  carried  by  means  of  small 
bogies,  which  are  forwarded  with  the 
track-laying.  The  track-laying  ad- 
vances at  the  rate  of  from  3  "to  4  miles 
every  day.  Thus  far  it  has  started  from 
Chelabinsk  only,  but  in  June  it  was 
begun  also  from  Omsk,  where  rails,  ac- 
cessories and  ties  have  been  brought  by 
river  navigation.  The  track-laying  be- 
tween Chelabinsk  and  Omsk  (434  miles) 
is  advancing  now  from  two  starting 
points  in  both  directions,  and  the  last 
rail  on  this  section  it  was  expected 
would  be  laid  on  August  17.  1894,  in 
presence  of  the  Minister  of  Ways  and 
Communications,  Mr.  Krivoshein. 

The  track-laying  will  be  extended 
from  Omsk  eastward  100  miles  this  year. 
It  will  be  completed  to  the  Obi  River 
in  the  summer  of  1895. 

The  Irtish  bridge  (two  of  100  ft.  span) 
will  be  begun  this  winter  ;  and  the 
foundations  at  the  Obi  River  were  laid 
between  July  22  and  August  3,  1894,  in 
presence  of  the  chief  engineers  of  both 
the  neighboring  lines,  the  Western  Si- 
berian and  Central  Siberian. 

The  Central  Siberian  Railroad,  from 
the  Obi  River  to  Irkoutsk,  according  to 
the  last  programme,  will  be  completed 
in  1898.  The  work  was  begun  in  1893 
on  the  first  section,  and  work  on  the 
Obi  River,  Krasnoyarsk  (480  miles),  has  been  started  this  year  on 
the  whole  line.  The  earthwork  has  advanced  rapidly,  and 
the  track-laying  has  also  been  started  from  the  Obi  River  ;  in 
1893 16  miles  were  laid,  and  in  1894  it  is  proposed  to  lay  about 
100  miles.  The  branch  to  Tomsk  (60  miles  long)  was  designed 
in  1893  ;  but  the  location  of  the  second  section  (Krasnoiomsk 
to  Irkoutsk)  was  begun  in  1894. 

The  terminus  of  this  line  (Irkoutsk)  is  the  best  and  largest 
city  in  Siberia  ;  it  has  45,000  inhabitants.  The  railroad  sta- 
tion is  located  on  the  left  side  of  the  Angara  River,  opposite 
Irkoutsk  City,  and  is  situated  on  the  right  side  of  that  river 
near  the  estuary  of  Irkout  River. 

From  Irkoutsk  to  Baikal  Lake  (Listvenichnaia  Harbor)  a 
branch  line  will  be  completed  in  1898.  In  this  way,  and  with  the 
steam  ferry  on  the  Baikal  Sea  in  1898,  the  European  railway 
system  will  be  uninterruptedly  connected  with  the  heart  of 
Siberia  at  Irkoutsk,  and,  by  the  navigation  of  the  Amour  River, 
it  will  be  connected  with  the  Pacific  terminus  at  Vladivostok. 
The  section  of  the  Great  Siberian  Railroad  i,the  Baikal  loop 
line)  from  Irkoutsk  to  Misovskala  Harbor  (194  miles)  will  now 
be  definitelv  located,  and  the  construction  of  it  will  be  com- 
pleted in  1901. 

The  Trans-Baikal  Line,  from  Baikal  Lake  to  Sretensk,  on 
Shilka  River  (672  miles)  is  now  definitely  located,  and  the  con- 
struction of  it,  starting  this  year,  will  be  completed  in  1898. 

The  Amour  Line  (from  Sretensk,  on  Shilka  River,  to  Khaba- 
rovka. near  the  estuary  of  Oussouri  in  Amour,  about  1,300 
miles)  has  not  yet  been  surveyed  :  but  Mr.  B.  Savrimovich, 
C.E.,  has  recently  been  appointed  Chief  Engineer  of  Survey-. 
The  surveys  will" present  great  difficulties,  the  country  being 
entirely  uninhabited.  The  construction  of  this  line,  crossing 
an  entirely  unknown  countrv,  will  not  be  completed  until 
1901. 
The  last  section  of  the  Great  Siberian  Railroad  (the  Western 
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or  Oussouri  section)  consists  of  two  lines— North  Oussouri 
Line  and  South  Oussouri  Line. 

The  North  Oussouri  Line  (from  Khabarovka,  the  adminis- 
trative center  of  the  Amour  territory,  to  the  Grafska'ia,  232 
miles)  is  now  located.  Its  construction  will  be  begun  in  1895, 
and  will  be  completed  in  1898. 

The  South  Oussouri  Line  (from  Grafshai'a  to  Vladivostok, 
254  miles)  was  the  first  of  the  whole  system  of  Siberian  rail- 
roads which  was  commenced.  Work  was  started  on  it  in  1891. 
The  construction  of  this  line  has  been  very  difficult,  and  many 
hindrances  have  been  encountered  from  the  local  conditions, 
want  of  workmen  (a  great  part  of  whom  were  exiles  and  crim- 
inals), and  the  entire  separation  from  the  metropolis.  The 
earthwork  was  generally  very  heavy.  Nevertheless,  124  miles 
of  track  are  already  laid,  is  open  to  traffic,  and  in  the  spring 
of  1895  the  whole  line  will  be  finished. 


THE  UNITED  STATES   TRIPLE  SCREW  CRUIS 
ERS  "COLUMBIA"  AND  "MINNEAPOLIS."* 


By  George  W.'Melvtlle,  Engineeiwn-Chief,  U.  S.  Navy. 


These  two  vessels  have  been  more  prominently  before  the 
public  than  any  other  of  our  new  vessels  from  the  first  descrip- 
tions of  their  design,  and  the  great  success  which  has  attend- 
ed their  official  trials  has  doubtless  led  the  Executive  Commit- 
tee to  suggest  them  as  a  subject  for  a  paper. 

Although  I  had  the  honor  of  recommending  the  use  of  triple 
screws  on  these  vessels,  it  is  hardly  necessary  to  tell  this  So- 
ciety that  the  use  of  triple  screws  was  not  a  novelty,  and  that 
any  credit  in  the  matter  arises  simply  from  their  use  for  ma- 
chinery of  much  greater  power  than  had  previously  been 
attempted,  and  for  persisting  in  the  design  against  the  advice 
of  some  of  my  best  friends  in  the  profession,  who  believed  it 
too  much  of  an  experiment. 

When  I  was  asked  to  design  machinery  of  about  21,000 
I.H.P.  for  the  Columbia  there  were  a  number  of  questions 
which  came  up  for  consideration.  One  was  that  of  securing 
economy  at  moderate  speeds  when  full  speed  was  so  high,  and 
another  was  that  of  the  shafting.  When  the  design  was  under 
consideration  no  steel  shaft  had  yet  been  made  in  this  country 
for  the  transmission  of  as  great  a  power  as  10,000  horses,  and 
while  I  had  every  confidence  in  my  friend  John  Fritz  and  the 
Bethlehem  Iron  Company,  I  felt  that  it  would  be  safer  to  adopt 
a  design  which  would  give  us  smaller  shafting.  The  alterna- 
tive to  triple  screws  was  twin  screws,  either  with  one  very 
large  engine  or  two  smaller  ones  on  each  shaft.  The  former 
meant  large  parts  of  the  machinery  all  through,  and  the  latter 
great  multiplication  of  parts. 

The  French  experiments  on  the  Carpe,  and  the  trials  of  the 
Tripoli  had  demonstrated  that  there  was  no  doubt  of  the  prac- 
tical success  of  triple  screws,  and  the  preliminary  design  of 
the  Dupuy  de  Lome  with  triple  screws  showed  that  the  French 
were  satisfied  with  the  Carpe  experiments.  I  believed,  also, 
that  we  would  find  it  more  economical  to  run  one  engine  of  a 
size  for  7,000  I.H.P.  at  about  2,000  than  to  run  two  10,500 
I.H.P.  engines,  or  even  two  5,000  I.H.P.  engines,  even  if  it 
did  involve  dragging  the  idle  screws,  allowed  to  revolve  free- 
ly. I  had  hoped  to  be  able  to  give  some  figures  on  this  point, 
as  an  attempt  was  made,  during  the  return  trip  of  the  Minne- 
apolis from  her  official  trial,  to  secure  a  comparison  of  the 
horse-power  and  coal  consumption  when  making  the  same 
speed  with  one,  two,  and  all  three  screws,  but  fog  and  other 
circumstances  interfered,  and  the  speed  had  to  be  determined 
by  the  patent  log,  so  that  the  results  obtained  cannot  be  con- 
sidered as  at  all  conclusive.  The  Columbia  is  now  on  active 
service,  and  by  our  next  meeting  I  may  be  able  to  give  reliable 
data  as  the  averages  of  considerable  periods. 

It  is,  however,  obvious  that,  even  if  the  drag  of  the  two  idle 
screws  should  require  enough  additional  power  to  make  the 
actual  cost  of  propelling  the  vessel  at  a  given  speed  in  pounds 
of  coal  per  hour  nearly  as  great  as  the  similar  cost  of  driving 
her  by  the  after  engines  of  twin  screws  with  a  pair  on  epch 
shaft,  there  is  a  gain  in  economy  of  maintenance  and  in  con- 
venience. We  have  been  compelled  in  the  New  York  and  the 
Brooklyn  to  make  special  provision  for  the  wearing  down  of 
the  shaft  bearings  of  the  after  engine,  and  in  the  Blake  of  the 
English  Navy,  where  the  attempt  has  been  made  to  avoid  this 
difficulty  by  using  the  forward  and  after  engines  on  each  shaft 
alternately,  it  is  necessary  to  disconnect  all  the  connecting  rods 
and  eccentric  straps,  which  is  certainly  inconvenient,  and  in- 
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volves  considerable  delay  when  it  is  desired  to  use  both  engines 
for  higher  powers. 

When  the  Columbia  and  the  Minneapolis  were  designed,  we 
hoped  to  secure  a  speed  of  about  22  knots  for  the  maximum 
I.H.P.  of  21,000,  and  while  some  enthusiasts  predicted  higher 
speeds,  those  of  us  who  were  more  conservative  felt  that  22 
knots  was  about  all  we  could  reasonably  expect.  The  news 
that  the  Columbia  had  made  22.8  knots  was,  therefore,  both 
gratifying  and  astonishing  when  the  official  report  showed  that 
it  had  been  made  for  only  about  18,500  I.H.P.  This  seemed 
so  remarkable  that  I  urged  the  Trial  Board  to  go  over  the 
computation  of  the  H.P.  again  with  great  care,  which  jvas 
done  without  the  detection  of  any  error.  When  the  complete 
data  were  received  I  had  one  of  my  most  capable  assistants, 
an  expert  in  these  matters,  revise  all  the  work,  but  he  could 
detect  no  error  anywhere.  After  this  performance  it  was,  of 
course,  reasonable  to  expect  still  better  results  from  the  Min- 
neapolis if  she  should  develop  the  full  21,000  I.H.P.,  and,  as 
you  know,  such  was  the  case,  an  average  speed  of  23.07  knots 
being  secured,  making  her  the  fastest  large  vessel  in  the  world, 
and,  for  the  length  of  her  trial,  the  fastest  vessel,  large  or 
small. 

In  an  appendix  are  given  the  dimensions  of  hull  and  ma- 
chinery of  the  Columbia  and  the  Minneapolis,  together  with 
the  data  of  their  performances  on  trial.  There  is  also  given  a 
brief  historical  sketch  of  the  use  of  multiple  screws  prepared 
by  one  of  the  younger  officers  of  the  Engineer  Corps,  Passed 
Assistant  Engineer  Thomas  F.  Carter,  U.  S.  Navy,  and  first 
published  in  the  Journal  of  the  American  Society  of  Naval 
Engineers,  and  this  will  undoubtedly  prove  interesting. 

As  already  remarked,  the  economy  of  propulsion  in  the  case 
of  the  Columbia  was  so  marked  as  to  suggest  comparison  with 
other  fast  vessels,  and  it  was  at  once  apparent  that  the  gain  in 
economy  was  considerable.  A  natural  comparison  is  with  the 
New  York  and  the  Olympia,  and  I  have  brought  the  New  York 
and  the  Minneapolis  to  the  displacement  of  the  Olympia  by 
Froude's  law.  As  the  vessels  are  all  of  considerable  size,  the 
error  due  to  not  calculating  the  frictional  resistance  separately 
is  negligible.  Inasmuch  as  the  speeds  thus  found  are  not  all 
the  same,  and  as  it  is  desirable  to  make  the  comparison  at  the 
same  speed,  I  have  calculated  the  exponential  relation  of  speed 
and  power  from  a  curve  for  a  5,000-ton  vessel  constructed  by 
Froude's  Law  from  the  progressive  trials  of  another  ship  where 
speed  and  power  were  determined  with  unusual  care.  Call- 
ing the  ratio  of  speeds  a,  and  the  ratio  of  powers  b,  we  have 
a*  =  b,  where  x  is  the  exponential  relation  desired.  Then  x 
log  A 

log  a  =  log  b,  and  x  = • 

log  a 

Takfng  speeds  and  powers  as  follows  : 


Speeds. 


Powers. 


(1) 

15.00 

ir.G0 

19.90 

3,175 

(2) 

0,530 

(3) 

10.150 

we  get  the 

following 

table  : 

Ratios. 

Speeds 
a. 

Powers 
b. 

Logo. 

Log*. 

.<•. 

1  :  a 

1  :3 

2  :3 

1.17 
1.825 
1.13 

1.96 
3.20 
1.63 

.0682 
.1222 
.0531 

.292a 

.5051 
.2122 

4.28 
4.12 
4.00 

We  shall  not  be  far  wrong  then  in  assuming  that  the  powers 
vary  as  the  fourth  power  of  the  speeds. 

Applying  Froude's  Law,  and  bringing  the  speeds  of  Olympia 
and  New  York  to  that  of  the  Minneapolis,  as  already  stated,  we 
get  the  following  table  : 

Name  of  vessel Minneapolis.       New  York.  Olympia. 

Trial  displacement.. .         7,387.5  h.t*"  5.586 

Length  on  L.  W.  L...  411.6  380.0  310 .11 

Beam 58.2  64.25  5S.05    . 

Mean  draught 28.8  23.9  20.78 

Block  coefficient 0.478  0.509  0.517 

Trial  speed 23  07  21.00  21.680 

"    I  H.P.  (main  en- 
gine!..               20,360.2  16,1117  8  16,849.83 

Reduced  displace- 
ment     5,586  5.586  5,586 

Reduced  speed 22.00  19.60  21.686 

I.H.P 14,750  10,400  16,849.8 

I.H.P.  fur  22.0(1  knots 
at  reduced  displace- 
ment     14,750  10,500  ,     17,847 

Percentage  of  gain  in 
economy  of  propul- 
eion  of  triple  screws 
over  twin  screws 11.9  21.00 


Vol.  LXVIII,  No.  12.] 


AND    RAILROAD    JOURNAL. 


543 


When  such  a  gain  as  this  is  shown,  the  most  natural  thing 
is  to  search  for  the  cause,  and  here  we  are  met  with  obstacles 
at  the  very  start.  Probably,  after  some  consideration,  the 
first  suggestion  would  be  that  the  center  screw  is  very  favor- 
ably placed  for  securing  whatever  benefit  there  may  be  from 
working  in  the  forward  current  of  the  frictional  wake.  This 
would  doubtless  be  accepted  but  for  the  fact  that  most  of  the 
authorities  on  screw  propulsion  have  stated  that  while  the 
screw  itself  would  be  helped,  any  gain  in  this  direction  would 
be  offset  by  the  increased  resistance  of  the  vessel  due  to  the 
action  of  the  screw  interfering  with  the  stream  line  action.  It 
should  be  said,  however,  that  most  of  the  authorities  simply 
state  this  as  a  proposition,  without  attempting  any  demonstra- 
tion or  quoting  experimental  data  to  confirm  the  statement.  I 
am  inclined  to  believe  that  this  statement  has  been  based  on 
Froude's  classic  experiments  on  the  (greyhound,  and  it  is  hard- 
ly necessary  to  remind  this  Society  that,  while  the  experiments 
themselves  were  admirable  in  every  way,  the  Greyhound  had 
a  very  poor  model  compared  with  modern  steamers,  and  her 
machinery  also  was  much  different  from  that  we  now  use. 
As  a  result,  the  data  of  the  Greyhound  experiments  are  of  very 
little  use  as  a  guide  for  modern  hulls  and  machinery.  For  ex- 
ample, Froude  gave  as  a  result  of  his  experiments  that  the 
effective  EI. P.,  or  power  actually  applied  to  overcome  the  re- 
sistance of  the  hull  was  only  from  37  to  40  per  cent,  of  the 
I.H.P.  of  the  engines.  About  10  years  or  so  ago  the  late  Mr. 
William  Denny  quoted  a  case  where  a  comparison  of  the  I.H.P. 
with  the  effective  H.P.  as  determined  by  model  experiments 
made  by  the  younger  Froude  had  shown  the  ratio  to  have  risen 
to  60  per  cent.,  and  some  calculations  that  I  have  had  made 
for  some  of  our  new  ships  has  shown  the  ratio  to  be,  in  some 
cases,  nearly  75  per  cent.  I  feel,  therefore,  that  we  should  not 
let  our  admiration  for  Mr.  Froude's  great  reputation  lead  to 
the  unqualified  acceptance  of  statements  based  on  his  experi- 
ments on  the  Greyhound. 

Another  objection,  also,  comes  from  the  fact  that  there  has 
gradually  grown  up  a  belief  that  propulsion  by  twin  screws 
is  more  economical  than  by  a  single  screw.  This  belief,  I 
think,  is  based  to  a  great  extent  on  the  admirable  paper  rean 
by  my  friend,  Dr.  White,  the  Director  of  Naval  Constructiop 
of  the  British  Navy  .before  the  Institution  of  Naval  Archi- 
tects in  April,  1878,  where  he  showed  that  a  comparison  of 
some  single  and  twin  screw  ships  of  the  British  Navy  indicated 
a  decided  economy  in  propulsion  by  twin  screws.  I  give 
betow  a  table  from  his  article  *  simply  to  call  attention  to  the 
fact  that  a  part  of  the  reason  for  the  increased  economy  of  twin 
screws  may  have  been  due  to  their  smaller  diameter  and  greater 
helicoidal  area.  It  will  be  observed  at  once  that  the  slip  of 
the  single  screws  is  very  much  greater  than  that  of  the  twin 
screws,  and  by  calculating  the  indicated  thrust  per  square  foot 
of  helicoidal  area  it  will  be  found  that  it  is  nearly  twice  as 
great  for  the  single  screws  as  for  the  twins.  We  are  accus- 
tomed to  allowing  more  indicated  thrust  for  small,  quick-run- 
ning propellers  than  for  large,  slow-moving  ones  ;  but  here 
the  conditions  are  reversed.  It  is  to  be  noted  also  that  the 
speed  of  tips  of  the  single  screws  is  about  17  per  cent,  greater 
than  that  of  the  twins,  which  would  make  the  resistance  per 
square  foot  nearly  40  per  cent,  greater. 

Whatever  may  have  been  the  cause  of  the  marked  superior- 
ity of  the  twin-screw  ships  over  those  with  single  screws,  it  is 
to  be  noted  that  there  are  numerous  instances  of  single-screw 
ships  in  which  the  I.H.P.  per  square  foot  of  wetted  surface  is 
less  than  for  the  war  vessels  quoted  by  Dr.  White.  For  exam- 
ple, the  steamship  Charles  V.,  built  by  Messrs.  A.  &  J.  Inglis, 
has  an  immersed  surface  of  about  15,180  sq.  ft.  She  is  323 
ft.  on  L.  W.L.  by  33  ft.  9  in.  beam,  and  on  trial  had  a  mean 
draft  of  14  ft.  10in.,  giving  a  displacement  of  2,478  tons.  At 
14  knots  the  I.H.P.  was  l.o75,  or  0.104  I.H.P.  per  square  foot 
of  wetted  surface.  Another  vessel,  the  Botomahana,  has  13,- 
650  sq.  ft.  of  wetted  surface,  and  is  285  ft.  X  35  ft.  2  in.  X  15 
ft.  7f  in.,  displacing  2,543  tons.  At  14  knots  the  I.H.P.  is 
1,925,  or  0.141  I.H.P.  per  square  foot  of  wetted  surface. 

It  may  be  objected  that  these  vessels  are  much  smaller  than 
the  war  vessels,  and  also  that  the  ratio  of  wetted  surface  to 
displacement  is  higher,  thus  giving  a  larger  divisor.  Data  are 
available,  however,  of  the  performances  of  some  larger  mer- 
chant ships.  Thus  the  Umbria  and  Etruria  have  43,980  sq. 
ft.  of  wetted  surface,  13,300  tons  displacement,  and  are  500 
ft.  X  57  ft.  6  in.  X  26  ft.  6  in.  At  14  knots  the  I.H.P. 
per  square  foot  of  wetted  surface  is  0.121.  In  the  case  of  the 
Oregon,  the  ratio  was  0.118  ;  in  the  Servia,  0.119,  and  in  the 
Gallia,  0.127. 

These  cases  all  go  to  show  that,  so  far  as  a  comparison  based 


•  Table  omitted  from  this  report. 


on  I.H.P.  per  square  foot  of  wetted  surface  is  concerned,  the 
single-screw  vessels  made  an  even  better  showing  than  those 
witli  twin  screws  whose  performances  have  been  quoted.  The 
New  York  and  the  Olympia,  however,  make  a  better  showing 
than  the  older  twin-screw  vessels,  giving,  at  14  knots,  the  New 
York  0.115  I.H.P.  and  the  Olympia  0.146  I.H.P.  per  square 
foot  of  wetted  surface,  or  about  the  same  as  the  single-screw 
merchantmen. 

The  facts  thus  stated  would  seem  to  leave  it  at  least  an  open 
question  whether  the  increased  economy  of  the  triple  screws  is 
not  due  to  the  center  screw  working  in  the  wake,  but  there 
are  others  which  make  it  seem  the  probable  solution.  When 
the  Columbia  was  designed  there  was  a  general  belief  that  the 
race  from  the  side  screws  would  cause  the  center  screw  to 
work  in  water  having  a  sternward  motion,  and  it  was  the  in- 
tention to  give  it  about  10  per  cent,  more  pitch  than  the  side 
screws.  However,  before  the  Columbia  was  tried,  it  was 
learned  that  the  trials  of  the  Kaiserin  Augusta,  the  German 
triple-screw  vessel,  had  shown  that,  if  given  such  an  increase 
of  pitch,  the  center  screw  could  not  work  up  to  the  designed 
number  of  revolutions.  When  the  Columbia  was  tried,  all  the 
screws  were  given  the  same  pitch  (21  ft.  6  in.),  but  the  center 
screw  ran  some  five  revolutions  per  minute  slower  than  the 
side  screws,  and  the  mean  effective  pressure  of  its  engine  re- 
duced to  the  low-pressure  cylinder  was  nearly  3  lbs.  more  than 
thai  of  one  of  the  side  screws.  In  the  case  of  the  Minneapolis, 
the  pitch  of  the  center  screw  was  set  at  6  in.  less  than  that  of 
the  side  screws  (21  ft.  6  in.  and  22  ft.),  and  ran  about  one  revolu- 
tion faster  than  they  with  an  aggregate  mean  effective  press- 
ure greater  by  3  lbs.  and  nearly  700  more  I.H.P.  Now, 
clearly,  this  can  only  be  explained  by  assuming  that  the  for- 
ward wake  exerts  a  very  strong  pressure,  and,  as  we  have  the 
undoubted  facts  of  the  high-speed  and  moderate  H.P.,  the 
action  of  the  screw  cannot  have  interfered  with  the  stream  in 
action  enough  to  increase  the  resistance  of  the  ship. 

Thus,  it  seems  to  me,  that  the  most  reasonable  explanation 
of  the  increased  economy  of  propulsion  is  that,  in  an  unusual 
degree,  the  center  screw,  which  occupies  the  same  position  as 
the  propeller  in  single-screw  vessels,  profits  by  the  forward 
motion  of  the  frictional  wake,  and  this  without  interfering 
with  the  stream  line  motion  sufficiently  to  increase  the  vessel's 
resistance. 

In  discussing  this  question  of  the  greater  efficiency  of  triple 
screws  with  some  friends,  it  was  suggested  that  possibly  it  was 
not  entirely  fair  to  compare  the  performances  by  Froude's 
Law,  because  the  Minneapolis  is  longer  than  the  New  York 
and  the  Olympia,  and,  therefore,  better  adapted  to  high  speeds, 
as  the  wave-making  resistance  would  be  less  proportionally 
than  for  the  shorter  ships.  While  I  did  not  believe  that  any 
difference  due  to  this  cause  could  account  for  the  material 
difference  which  exists,  I  thought  the  suggestion  worthy  of 
examination,  and  so  have  had  one  of  my  assistants  calculate 
the  power  required  to  tow  each  ship  at  the  speed  she  actually 
made  on  trial,  dividing  it  into  skin-friction  and  wave-making 
resistance,  using  the  formulae  and  constants  given  in  the  recent 
work  of  my  friend,  Naval  Constructor  Taylor,  entitled  "  Re- 
sistance of  Ships  and  Screw  Propulsion." 

These  calculations  take  cognizance  of  the  slight  variation  in 
the  coefficient  of  skin  friction,  due  to  the  difference  in  length, 
as  well  as  the  influence  upon  the  wave-making  resistance  of 
the  relation  between  length  and  displacement.  The  power 
thus  found  is  the  useful  work  done  in  propulsion,  and  its  ratio 
to  the  H.P.  of  the  engines  may  be  called  the  efficiency  of 
propulsion. 

It  may  still  be  objected  that  the  comparison  should  be  be- 
tween the  useful  work  and  the  power  delivered  to  the  pro- 
peller shaft,  but,  in  addition  to  the  trouble  of  making  the  cal- 
culation, it  is  to  be  considered  that  we  are  comparing  the  sys- 
tems, including  the  engines,  and  that  if.  on  the  one  hand,  it 
be  thought  that  the  New  York  is  at  a  disadvantage  on  account 
of  having  four  engines,  the  Olympia,  on  the  same  line  of  rea- 
soning, would  be  at  an  advantage  as  having  only  two. 

The  formulae  used  are  : 

For  skin-friction  resistance,  B/  =f.  S.  F1-53,  where 

/  =  coefficient  of  skin  friction  from  Taylor's  tables. 

S  =  wetted  surface. 

V  =  speed  in  knots  per  hour. 


For  wave-making  resistance,   i?w 


Dt 


V,  where 


b0  =  coefficient  taken  from  Taylor's  data. 
D  =  displacement  in  tons. 
L  =  length  on  load  water  line  in  feet. 
V  =  speed  in  knots. 
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We  then  get  the  following  table 


S                    1* 

Speed 

Si   . 

-a  b 
=  a  ; 

i  s 

§_- 

5: 

knots. 

S|S 

-  i- 

-  = 

1.-H 

Se 

5  '         £  g 
r.  -         s  - 

E*  a 

—  - 

—  3 

rjj 

-  " 

Minneapolis. .. 

53.07 

32.030    104,420 

186.450 

13,790 

20,366 

67.72 

New  York 

91.00 

73.380     85.360 

159.340 

10,268 

16.947 

60.59 

Olympia  

21.69 

61.375     82.150 

143,525 

9,560 

16.850 

56. 73 

r  The  increased  efficiency  of  the  triple  screws  oyer  twins  is 
thus,  in  the  case  of  the  /few  York,  11.8  per  cent.,  and  in  the 
case  of  the  Olympia,  19.38  per  cent. 

^In  comparisons  such  as  we  have  been  making,  a  very  im- 
portant matter  must  not  be  overlooked — the  standardization 
of  the  indicators  and  the  correction  of  the  mean  pressures  for 
the  errors  found.  Since  the  trial  of  the  Yorktmcn,  in  Febru- 
ary, 1889,  the  first  case  in  which  the  indicator  errors  were  con- 
sidered, nearly  a  thousand  tests  of  indicators  have  been  made 
and  reported  to  the  bureau  of  which  I  am  chief,  and  we  have 
found  that  indicators  submitted  as  first-class  have,  in  many 
cases,  shown  errors  so  gTeat  that  allowance  for  them  would 
reduce  the  mean  pressure  as  much  as  10  per  cent.  Until  re- 
cently it  was  assumed  that  the  indicators  were  correct,  so  that 
it  may  have  happened  that  differences  in  H.P.,  on  which  se- 
rious arguments  were  based,  were  not  real,  but  due  to  one  set 
of  indicator  springs  having  a  very  large  error. 
"  In  the  comparison  of  the  performances  of  the  2iitw  York  and 
the  triple-screw  ships,  I  feel  assured  that  we  do  not  run  this 
risk,  as  the  indicators  in  each  case  were  tested  by  the  same 
officer,  who  is  probably  the  best  expert  at  such  work  in  the 
country,  the  errors  were  in  eveiy  case  moderate,  and  the  mean 
pressures  were  in  all  cases  corrected.  The  indicators  of  the 
Olympia  were  also  standardized,  but  by  another  officer,  and  by 
a  slightly  different  method.  I  believe  her  H.P.  is  substantially 
accurate,  but  it  is  not  comparable  with  the  others  with  the 
same  strictness  as  they  are  with  each  other, 
y  As  has  already  been  stated,  it  was  not  anticipated,  when 
triple  screws  were  adopted,  that  their  use  would  give  any  in- 
crease of  economy  of  propulsion,  their  adoption  being  due 
mainly  to  constructive  reasons,  and  incidentally  to  secure 
economy  at  cruising  speeds.  It  appears  now,  however,  that 
this  method  does  give  an  increase  of  economy  at  maximum 
powers.  It  would  seem,  therefore,  that,  for  very  high-speed 
ships,  this  arrangement  would  commend  itself,  and,  if  it  were 
not  dangerous  to  prophesy,  I  should  be  prepared  to  anticipate 
the  adoption  of  triple  screws  for  all  the  new  "  flyers"  that 
enter  for  the  transatlantic  race.  In  this  connection  the  closing 
remarks  of  Dr.  White,  in  the  paper  already  referred  to,  are 
highly  interesting,  and  it  would  seem  that,  by  substituting 
triple  for  twin  screws,  and  Minneapolis  for  Iris  his  remarks 
would  apply  now.     They  are  as  follows  : 

"  Looking  to  the  future  of  steam  navigation,  one  thing 
seems  certain — greater  speeds  will  be  attained  than  are  now 
reached.  It  does  not  seem  probable  that  any  considerable  in- 
crease in  fineness  of  form,  or  in  the  ratio  of  length  to  breadth, 
will  be  adopted  in  future  ships  for  the  purpose  of  diminishing 
their  resistance.  Any  increase  in  the  load-draughts  is  also 
clearly  inadmissible.  The  greater  engine  powers  which  will 
probably  be  used  in  the  swifter  ships  will  consequently  have 
to  be  applied  on  a  limited  draft  of  water  ;  and  hence  "it  may 
be  anticipated  that  at  no  very  distant  date  the  designs  of  swift 
mail  steamers  will  be  subject  to  conditions  resembling  those 
sketched  above  for  the  Iris.  The  extreme  draft  will  not  per- 
mit a  use  of  the  single  screw  with  a  disk  area  bearing  anything 
like  the  ordinary  ratio  to  the  I.  H.P.  ;  and  it  will  become  neces- 
sary either  to  depart  from  established  precedents  in  the  ratio 
of  pitch  to  diameter  of  single  screws,  to  adopt  twin  screws,  or 
to  accept  greater  speeds  of  pistons  and  propellers  than  are  now 
common  in  large  marine  engines.  At  the  present  moment 
there  is  no  great  urgency  in  deciding  between  these  rival  meth- 
ods, and  I  have  no  wish  to  attempt  a  prediction  as  to  the  prac- 
tice of  the  future.  The  matter  is,  however,  one  well  deserv- 
ing the  careful  consideration  of  marine  engineers  and  naval 
architects." 

7."  A  few  words  more  and  I  shall  finish.  It  would  be  a  natural 
supposition  that,  having  built  the  two  fastest  cruisers  in  the 
world  for  our  Navy,  every  naval  officer  would  rejoice  at  their 
possession  and  be  proud  of  them.  I  regret  to  learn,  however, 
that  we  are  in  a  mild  way  repeating  the  experience  of  the 
Wampanoan,  which,  as  some  of  you  may  remember,  was  de- 
clared a  failure  by  a  board  of  naval  officers,  although  she  was 
far  and  away  the  fastest  vessel  in  the  world,  being  several 
knots  faster  than  anything  else  afloat,  and,  as  some  believe, 


an  important  factor  in  the  settlement  of  the  Alabama  claims 
at  Geneva.  Now  the  cry  is  raised  that,  although  we  have  the 
fastest  ships,  they  cannot  carry  coal  enough  to  go  across  the 
ocean  at  full  speed.  In  fact,  some  say  that  we  don't  want 
such  fast  ships  ;  and  others,  echoing  the  jealous  wails  of  a  few 
of  our  transatlantic  friends,  have  actually  talked  about  the 
ships  being  failures. 

It  seems  very  hard  to  satisfy  our  critics.  Before  we  began 
the  building  of  our  new  Navy  it  was  constantly  hurled  in  our 
teeth  that  we  were  behind  the  times  :  that  we  couldn't  build 
as  good  ships  as  they  did  abroad,  and  so  on  to  the  end  of  the 
chapter.  Now  we  have  beaten  our  foreign  friends,  and  we 
are  told  that  fast  ships  are  useless.  It  seems  to  me  that  the 
idea  so  cleverly  put  by  my  friend.  Nixon,  of  Cramp's,  in  re- 
gard to  battle  ships  is  equally  true  of  fast  cruisers.  Explaining 
why  we  should  not  rely  on  monitors  alone,  he  said  :  "  You 
can't  get  as  much  fight  out  of  two  million  dollars  as  out  of 
five."  So  it  is  with" these  fast  cruisers.  We  don't  want  our 
Nary  to  consist  of  them  alone,  and,  as  I  said  here  last  year,  I 
believe,  for  mere  peace  cruisers,  we  have  overspeeded  many 
of  our  ships  ;  but  in  time  of  war  I  believe  there  is  a  great  field 
for  just  such  ships  as  our  triple-screw  cruisers — tie  fastest 
vessels  now  afloat. 


ACCIDENTS  TO  LOCOMOTIVE  ENGINEERS  AND 

FIREMEN. 


The  object  of  publishing  this  monthly  list  of  accidents  to 
locomotive  engineers  and  firemen  is  to  make  known  the  terri- 
ble sacrifice  of  life  and  limb  that  is  constantly  going  on  among 
this  class  of  people,  with  the  hope  that  such  publications  will 
in  time  indicate  some  of  the  causes  of  accidents  of  this  kind, 
and  to  help  lessen  the  awful  amount  of  suffering  due  directly 
and  indirectly  to  them.  If  any  one  will  aid  us  with  the  infor- 
mation which  will  help  make  oiir  list  more  complete  or  correct, 
or  who  will  indicate  the  causes  or  the  cures  for  any  kind  of 
accidents  which  occur,  they  will  not  only  be  doing  us  a  great 
favor,  but  will  be  aiding  in  accomplishing  the  object  of  pub- 
lishing this  report,  which  is  to  lessen  the  risk  and  danger  to 
which  the  men  to  whom  we  intrust  our  lives  are  exposed. 

The  only,  or  the  chief  source  of  information  we  have,  from 
which  our  report  is  made  up,  is  the  newspapers.  From  these 
the  following  list  of  accidents,  which  occurred  in  October, 
has  been  made  up.  Of  course  we  cannot  report  those  of  which 
we  have  no  knowledge,  and  doubtless  there  are  many  such. 

ACCIDENTS   IN   OCTOBER. 

Toledo,  O.,  October  1. — Train  wreckers  succeeded  in  wreck- 
ing a  passenger  train  on  the  Wabash  Railroad  at  Maumee.  12 
miles  south  of  here  to-day.  F.  N .  Smith,  engineer,  was  killed, 
and  A.  H.  Day,  fireman,  fatally  hurt. 

Buffalo,  N.  Y".,  October  1. —Charles  Avery,  an  engineer  on 
the  Lehigh  Valley  Railroad,  had  his  foot  crushed  between  a 
draw-head  of  an  engine  and  a  flat  car  to-day. 

Benson,  Ariz.,  October  1.— E.  G.  Roesler,  an  engineer,  was 
seriously  scalded  by  the  bursting  of  a  flue  on  an  engine  of  the 
Mexico  &  Arizona  Railroad,  and  died  of  his  injuries. 

St.  Joseph,  Mo.,  October  1.— A  passenger  train  on  the  Atchi- 
son, Topeka  &  Santa  Fe  Railroad  collided  with  a  freight  train 
on  the  Kansas  -  -      Joseph  &  Council  Bluffs  Railroad 

south  of  here,  as  a"  result  of  disobedience  of  train  orders  by 
the  freight.  C.  E.  Page,  engineer  on  the  passenger  train,  had 
his  leg  broken  and  was  internally  injured. 

San  Francisco,  Cal..  October  2.— Martin  Ford,  an  engineer 
on  the  Southern  Pacific  Railway,  was  caught  between  cars, 
and  had  his  pelvis  crushed  ;  he  is  in  a  precarious  condition. 

Baraboo,  Wis.,  October  2. — A  cattle  train  on  the  Chicago  & 
Northwestern  Railway  ran  into  a  freight  train  at  Lavalle  this 
morning.     Engineer  Sullivan  received  severe  injuries. 

Leavenworth,  Kan.,  October  2.— A  special  passenger  train 
on  the  Missouri  Pacific  Railroad  ran  into  an  open  switch  at 
South  Leavenworth  to-day.  Engineer  Alix  McCambridge 
lumped,  and  was  severely  cut  about  the  face.  Fireman  Lee 
Blanchard  also  jumped,  and  sustained  injuries  of  the  arm. 

Laredo,  Tex.,  October  2. — A  wreck  occurred  on  the  Mexican 
National  Railway  near  Monterey  to-dav.  A  double-header 
freight  train  struck  a  cow,  ditching  both  engines.  Engineer 
Dan  Drennan  was  killed  outright,  and  Engineer  Joe  Sharp  was 
scalded,  from  the  effects  .of  which  he  died  in  the  evening. 

Wakefield,  Mass.,  October  4.— An  extra  passenger  train  on 
the  Boston  &  Maine  Railroad  ran  into  a  freight  train  at  this 
point  to-day  at  noon.  The  engineer  and  fireman  of  the  extra 
were  badlv  injured. 

Smithfield,  Mo.,  October  4.— An  engine  and  12  cars  on  the 
Union  Pacific  Railroad  jumped  the  track  at  thi3  point.  En- 
gineer Mike  Ketchum  and  Fiieman  Tom  Warren  were  instant- 
lv  killed. 
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Z  Bristol,  Tenn.,  October  7.— A  train  wrecker  put  a  bolt  on  a 
rail  on  the  Southern  Railway  near  here  to-day,  causing  an  ex- 
press train  to  jump  the  track.  Samuel  Smith,  engineer,  had 
his  leg  broken,  was  scalded,  and  was  buried  under  the  wrecked 
train,  and  will  probably  die  from  his  injuries.  Will  Holmes, 
fireman,  had  his  head  cut  and  was  badly  scalded. 

Tomahawk,  Wis.,  October  8.— Train  wreckers  sawed  the 
timber  supporting  the  Sou  Line  Railway  bridge  at  Tomahawk, 
and  wrecked  the  west-bound  passenger  train.  The  engine 
plunged  into  the  river,  and  the  body  of  the  fireman  is  buried 
beneath  the  engine.     The  engineer  had  both  his  legs  broken. 

Rochester,  >".  Y.,  October  8. — In  a  collision  between  two 
freight  trains  on  the  New  York  Central  &  Hudson  River  Rail- 
way at  Walworth  to-day,  Fireman  George  Soulier  sustained 
fractures  of  three  ribs  and  was  otherwise  injured. 

Memphis,  Tenn.,  October  8. — A  fast  mail  train  on  the  Louis- 
ville &  Xashville  Railroad  was  wrecked  at  a  siding  67  miles 
from  here  to-day.  Engineer  Joseph  Lewis  and  Fireman  James 
Burnes  were  seriously  injured. 

Clinton,  la.,  October  8. — Engineer  John  Haley  jumped  from 
his  engine  at  La  Force  this  morning,  thinking  that  a  collision 
with  a  train  on  a  siding  was  inevitable  ;  he  struck  a  switch  and 
was  torn  almost  in  two. 

"  Seymour,  la.,  Octobers.— A  freight  train  on  the  Chicago, 
Rock  Island  &  Pacific  Railroad  jumped  the  track  at  Sleepy 
Hollow  this  morning.  Engineer  Gerald  Xolan  and  Fireman 
Marshall  Lowe  were  instantly  killed. 

Pittsburgh,  Pa.,  October  9. — Fireman  Frank  George  was 
instantly  killed  on  the  West  Penn  Railroad  by  being  struck 
by  a  passing  train. 

Flagstaff,  Ariz.,  October  9. — A  passenger  train  on  the  Atchi- 
son, Topeka  &  Santa  Fe  Railroad  ran  into  a  steer  50  miles  east 
of  here  to-day.     The  engineer  and  fireman  were  slightly  hurt. 

Asheville,  X.  C,  October  9.— A  freight  train  on  the  Ashe- 
ville  &  Spartanburg  Railroad  ran  away  down  a  heavy  grade 
on  the  Salada  Mountain  this  morning  ;  the  train  was  wrecked 
at  the  bottom,  and  Fireman  York  was  buried  under  the  wreck- 
age and  killed. 

Shreveport,  La.,  October  10.  — A  freight  train  on  theTexas& 
Pacific  Railway  ran  into  some  loaded  cars  near  here  to-day. 
The  engineer  had  his  leg  broken,  and  was  scalded  about  the 
head  and  face  ;  Fireman  Tom  Hurndon  had  one  hip  dislocated 
and  both  legs  broken. 

Brooklyn,  X.  Y.,  October  10.— Frank  E.  Grady,  a  fireman 
on  the  Brooklyn  Elevated  Railroad,  while  at  work  slushing 
the  front  end  of  his  engine,  was  thrown  from  his  position  and 
jammed  between  the  wheels  of  the  engine  and  a  girder  by  the 
side  of  the  track.  His  left  leg  was  entirely  severed  and  his 
body  was  frightfully  crushed. 

The  Dalles,  Ore.,  October  12. —A  passenger  train  on  the 
Oregon  Railway  &  Navigation  Company's  Line  was  wrecked 
near  here  to-day.  The  fireman  and  engineer  were  seriously 
injured. 

Montclair,  X.  J.,  October  12.— A  boiler  exploded  on  the 
Delaware,  Lackawanna  &  Western  Railroad  at  this  point  to- 
day.    The  fireman  was  killed  and  the  engineer  fatally  injured. 

Springfield,  111.,  October  12.— A  train  wTecker  drove  a 
coupling  pin  into  a  frog  in  a  switch  of  the  Wabash  Railroad 
at  Rivington,  wrecking  the  passenger  train.  Engineer  Stew- 
art and  William  Jones  are  badly  injured. 

Chicago,  111. ,  October  12.— John  Haley,  an  engineer  on  the 
Chicago  <fc  Xorthwestern  Railroad,  jumped  from  his  engine 
to-day,  when  it  ran  over  a  man,  and  was  killed. 

Newbern,  X.  C,  October  16.— A  freight  train  on  the  Chesa- 
peake, Ohio  ifc  Southwestern  Railway  was  wrecked  2  miles 
west  of  here  this  morning.  Engineer  McCaine  and  Fireman 
Kilcoyne  were  dangerously  injured.  The  wreck  was  caused 
by  train  wreckers  placing  ties  across  the  trestle. 

Richmond,  Va.,  October  18.— A  collision  occurred  in  the 
yards  of  the  Richmond,  Fredericksburg  &  Potomac  Railroad 
near  Acker  Station  to-day.  Engineer  John  S.  C.  Eastman  was 
seriouslv  injured,  as  was  also  Engineer  Bryant. 

Fall  River,  Mass.,  October  19.— A  collision  occurred  on  the 
New  York,  Xew  Haven  A-  Hartford  Railroad  this  morning  at 
Drownville.  Two  firemen  were  hurt,  one  having  his  ankle 
broken. 

Philadelphia,  Pa.,  October  20.— A  passenger  train  on  the 
Philadelphia,  Wilmington  &  Baltimore  Railroad  ran  into  a 
freight  train  at  Glen  Mills  to-day.  Engineer  Rambo  jumped 
from  his  engine,  and  was  slightly  hurt. 

Wheeling,  W.  Va..  October  20. —A  fast  express  train  jumped 
the  track  at  Willard  Tunnel  early  this  morning.  Engineer 
Cummins  and  Fireman  Owings  were  seriously  hurt. 

Cumberland,  Md.,  October  20.— Charles  F.  Fredericks,  an 
engineer  on  the  West  Virginia  Central  Railroad,  was  killed 
here  this  morning  by  being  caught  between  two  trains. 

New  Orleans,  La.,  October  20.— A  freight  train  on  the  Illi- 


nois Central  Railroad  jumped  the  track  near  Calhoun  Station, 
Miss.,  this  morning  ;  Engineer  Cotton  had  his  wrist  dislocated. 

Kansas  City,  Mo.,  October  21. — A  freight  train  on  the  Union 
Pacific  Railway  ran  into  an  open  switch  to-night  and  plunged 
down  a  15-ft.  embankment.  The  engine  men  jumped  and 
were  slightly  injured. 

Delaware,  O.,  October  22. — A  parallel  rod  on  a  pushing  en- 
gine on  the  Columbus,  Hocking  Valley  &  Toledo  Railroad  was 
broken  here  to-day.  The  engineer,  on  reversing  the  engine, 
broke  the  other  bar  ;  he  is  badly  injured  and  suffers  from  a 
dislocated  knee-cap. 

San  Antonio,  Tex.,  October  22. —A  collision  occurred  be- 
tween a  passenger  and  stock  train  on  the  Southern  Pacific 
Railroad  near  Walker  to-night.  Con  Connors,  the  engineer  of 
the  freight,  had  both  legs  broken,  and  will  probably  die  ;  Carl 
Hunsacker,  fireman  of  the  freight,  was  less  badly  injured  about 
the  legs. 

New  York,  N.  Y.,  October  22.— George  Chase,  an  engineer 
on  the  Xew  York,  Xew  Haven  &  Hartford  Railroadfwas  fatnlly 
scalded  this  afternoon  by  the  bursting  of  a  steam  pipe  at  Xew 
Rochelle  ;  the  fireman  was  also  scalded,  but  not  so  severely. 

Camden,  O.,  October  22. — Robert  Hodgin,  Jr.,  a  fireman 
on  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railroad, 
was  seriously  injured  by  being  struck  by  a  water-lank  pipe  at 
Barnet's  Station,  2  miles  north  of  here  to-day. 

Boston,  Mass.,  October  24.— A  misplaced  switch  in  the  yard 
of  the  Xew  York,  Xew  Haven  &  Hartford  Railroad  was  the 
cause  of  a  collision  between  two  trains  to-day.  Engineer 
Xicols  was  hurt  about  the  arms,  and  Engineer  Winchenbach 
was  somewhat  injured. 

Olathe,  Kan.,  October  24. — A  freight  train  on  the  Kansas 
City,  Fort  Scott  &  Memphis  Railroad  ran  into  an  empty  box 
car  that  had  blown  on  to  the  main  line  from  a  side  track.  Fire- 
man Lincoln  Stewart  was  killed  by  being  buried  under  the 
ruins.  Engineer  Smith  jumped,  and  was  severely  injured  by 
dislocating  the  left  shoulder  and  receiving  internal  injuries. 

Atlanta,  Ga.,  October  26. — An  engine  and  30  cars  on  the 
Macon  &  Xorthern  Railroad  went  through  a  burning  trestle 
this  morning.  Engineer  Gay  was  instantly  killed  by  being 
scalded  to  death. 

Bristol,  Pa.,  October  28.— A  fast  freight  train  on  the  Penn- 
svlvania  Railroad  crashed  into  the  rear  end  of  a  work  train  at 
Crovden  Station  this  morning.  The  engineer  of  the  freight, 
Ed.  Stow,  jumped  from  his  engine,  and  sustained  a  scalp 
wound  and  severe  contusion  of  the  body  ;  Henry  Kenney. 
fireman  of  the  construction  engine,  had  his  shoulder  fractured. 

Boston,  Mass.,  October  28. — An  engine  on  the  Boston  & 
Maine  Railroad  suddenly  left  the  rails  and  capsized  on  an  em- 
bankment near  Orient  Heights  this  morning.  Engineer  Peter 
Hanson  was  internally  injured. 

Lima,  O.,  October  29. —A  fast  freight  on  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railroad  was  run  into  at  the  rear  east 
of  Ottowa  Bridge  to-day.  Engineer  John  Koehler  and  Fire- 
man E.  D.  Rhoades  were  severely  injured,  but  not  seriously. 

Scranton,  Pa.,  October  30. — An  express  train  on  the  Dela- 
ware, Lackawanna  &,  Western  Railway  ran  into  an  open  switch 
near  here  to-day,  and  collided  with  the  rear  end  of  a  coal  train. 
Engineer  Lynott  was  instantly  killed,  and  Fireman  Elmer 
Seal]  received  fatal  injuries.  On  the  passenger  train,  Valen- 
tine Butler,  the  engineer,  escaped  with  a  few  bruises  ;  Fire- 
man Hosey  was  caught  in  the  wreck  of  the  engines  and  scald- 
ed to  death. 

Our  report  for  October,  it  will  be  seen,  includes  44  accidents, 
in  which  13  engineers  and  11  firemen  were  killed,  and  28  en- 
gineers and  20  firemen  were  injured.  The  causes  of  the  acci- 
dents may  be  classified  as  follows  : 

Boiler  explosion 1 

Broken  side  rod 1 

Burned  trestle 1 

Cars  blown  on  track 2 

Cattle  on  track  2 

Caught  between  cars 2 

Caught  between  engine  and  cars 1 

Collisions 10 

Derailments 6 

Flue  bursting 2 

Jumping  from  engine 2 

Misplaced  switch 4 

Runaway  train  1 

Run  over 1 

Struck  bv  obstruction 1 

Thrown  from  engine 1 

Train  wreckers 5 

Unknown 1 

Total 44 
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WATER-TUBE  BOILERS  AND  THEIR  APPLICA- 
TION TO  WAR  VESSELS.* 


By  J.  Nastoupel. 


Water-tube  boilers  are  boilers  wherein  the  water  to  be 
evaporated  is  contained  in  tubes  whose  walls  are  in  direct  con- 
tact with  the  gases  of  combustion,  and  therefore  form  the 
heating  surfaces  of  the  boiler.  As  the  water  contained  in  the 
tubes  is  heated  it  rises  into  the  space  above,  causing  a  circu- 
lation in  the  boiler.  While  the  warm  and  specifically  lighter 
water  rises  into  the  water  space  above  an  equal  amount  of 
cooler  and  specifically  heavier  water  descends. 

Such  a  circulation  is  shown  in  fig.  1,  where  the  heated  water 
rises  at  B,  while  the  cooler  water  flows  back  through  C.  The 
rapidity  of  the  circulation  can  be  increased  by  introducing  the 
feed-water  at  D.  The  case  often  occurs  that  the  water  in  one 
part  is  lighter,  because  it  is  a  mixture  of  steam  and  water,  as 
represented  by  fig.  2,  and  the  hydrostatic  law  seems  at  fault, 
for  it  is  independent  of  the  hydrostatic  pressure  on  the  cross- 
section  ;  so  the  circulation  of  the  water  will  be  maintained 
by  the  generation  and  the  movement  of  the  steam. 

A  strong  and  regular  circulation  of  the 
water  is  an  essential  feature  for  the  proper 
action  of  water-tube  boilers.  It  protects  the 
tubes,  which  are  subjected  to  high  temper- 
atures, from  burning,  it  equalizes  the  tem- 
perature and  the  expansion  of  the  whole 
boiler  structure,  and  the  result  is  that  the 
generation  of  steam  is  raised  to  the  highest 
possible  point.  The  circulation  of  the  wa- 
ter ought  not  to  be  injured  through  the 
choice  of  the  sectional  area  of  the  tubes. 
The  higher  the  temperature  and  the  greater 
the  corresponding  length  of  the  tubes,  just 
so  much  the  larger  must  the  cross-section 
of  the  same  be  made,  otherwise  the  tube, 
on  account  of  an  insufficient  circulation  of 
water,  will  only  deliver  a  stream  of  steam. 

The  form  of  boiler  given  in  fig.  3  shows 
that  if  the  sectional  area  of  the  tubes  at 
A  is  sufficient  for  the  circulation  of  the 
water,  then  that  at  B,  where  a  higher  temperature  exists,  will 
be  insufficient.  The  result  is  that  the  tubes  are  overheated, 
and  this  has  actual! v  occurred  in  many  miscalculated  water- 
tube  boilers.  On  the  other  hand,  it  is  a  further  requirement 
from  the  standpoint  of  safety,  that  the  sectional  area  of  the 
tube  should  not  exceed  a  certain  amount  in  order  that  the 
average  tubes  can  be  run  to  advantage.  It  is  upon  these 
grounds  that  the  diameters  of  water  tubes  for  the  different 
types  of  boilers  used  on  vessels  of  war  vary  between  the  wide 
limits  of  1  in.  and  4  in.,  while  the  boilers  for  vessels  engaged 
in  commerce  are  usually  fitted  with  tubes  of  the  larger  area. 

The  tubes  that  are  used  are,  for  the  most  part,  seamless  and 
of  steel,  but  copper  and  brass  are  also  employed.  In  long 
boilers  with  a  forced-draft  service  wide  variations  of  tempera- 
ture are  unavoidable  in  certain  parts  of  a  marine  boiler,  caus 
ing,  especially  in  boilers  of  large  diameters,  marked  expan- 
sions and  contractions  of  the  parts  which  form  a  frequently 
recurring  source  of  leakages  and  damages.  This  is  especially 
the  case  where  the  flame  impinges  against  the  fire-tubes.  The 
recently  adopted  method  of  using  ferrules  as  a  protection  for 
these  joints  is  merely  a  palliative,  as  it  has  no  metallic  connec- 
tion either  with  the  tube  or  the  tube-sheet,  and,  therefore,  it 
soon  becomes  heated  to  a  glowing  temperature  and  burns 
away. 

A  similar  attachment  has  also  been  applied  to  water-tube 
boilers,  but  with  the  difference  that  the  tubes  are  subjected  to 
an  internal  pressure,  and  that  the  connections  must  be  placed 
in  such  a  position  that  they  are  protected  from  the  direct 
action  of  the  flame. 

As  for  the  present  construction  of  water-tube  boilers,  we 
find  that  we  must  thank  the  French  engineers  for  the  advances 
which  they  first  made  along  these  lines,  for  they  have  already 
made  a  successful  application  of  boilers  of  this  class  to  their 
vessels,  and  have  led  the  navies  of  other  nations  in  the  appli- 
cation. 

It  is,  of  course,  self-evident  that  special  types  of  water  tube 
boilers  must  have  been  developed  for  the  different  types  of 
vessels.  Especial  attention  must  necessarily  be  paid  to  their 
construction  and  their  performance,  in  so  far  as  they  are  to  be 
adapted  to  particular  services,  and  they  must  not  be  regarded 
solely  from  the  standpoint  of  their  general  adaptability  to  all 


sorts  of  work.  In  order  to  specify  two  extreme  cases,  a  boiler 
which  would  be  thoroughly  well  fitted  for  application  to  & 
battleship  would  be  of  no  use  whatever  on  a  torpedo-boat. 

Viewed  from  this  standpoint,  it  is  possible  to  classify  all  of 
the  water-tube  boilers  that  have  thus  far  been  brought  out 
into  four  groups,  according  to  the  location  and  shape  of  the 
tubes  that  are  used.     These  groups  are  : 

a.  Water-tube  boilers  with  straight  and  lecel  tubes.  — This  group 
comprises  the  Perkins,  Belleville,  Palmer  and  Herreshoff 
boilers. 

b.  Water-tube  boilers  with  straight  and  inclined  lubes. — These 
are  the  Root,  Watt,  Belleville.  Yarrow,  Oriolle,  Lagrafel 
D'Allest,  Sampson,  Durr,  and  Niclausse  boilers. 

e.  Water-tube  boilers  with  bent  tubes. — Of  such  are  the  first 
Belleville  boilers,  the  Rowan,  Ward,  Du  Temple,  Normand, 
Thorneycroft,  Yarrow,  Babcock  &  Wilcox,  Wilson  and  Glem- 
ing  &  Ferguson  boilers. 

d.  Water-tube  boilers  with  spiral  tubes. — These  include  the 
Herreshoff,  Hohenstein,  Bellis  and  White  boilers. 

As  early  as  1879  the  French  despatch  boat  Le  Voltigeur,  of 
1,000  I.H.P.,  was  fitted  with  Belleville  boilers.  After  a  satis- 
factory service  of  the  boilers  for  a  period  of  about  three  years 
»  no  repairs  were  required.     The  French  Admiralty  has  up  to 
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the  present  time  applied  the  Belleville  boiler  to  vessels  of  all 
sizes  and  kinds,  including  among  the  gunboats  the  Crocodile, 
of  450  I.H.P.;  the  Active,  of  400  LH.P.;  the  Leger,  2,200 
I.H.P.;  the  Lerrier,  2,200  LH.P. 

It  has  also  been  applied  to  the  cruisers  Milan,  3,800  LH.P. ; 
Alger,  8,000  LH.P.;  Eirondelle,  2,100  LH.P.:  Rigault  de  Gen- 
tntiUy,  2,100  LH.P.;  Latouche  Treville,  7,400  LH.P.;  Chanzy, 
7.4O0  LH.P.;  Charner,  7,400  LH.P.;  Bruix,  8,500  LH.P.; 
Descartes,  8,500  LH.P.;  Pascal,  8,500  LH.P.;  Galilee,  6,500 
LH.P.;  Catinat,  9,000  LH.P. 

In  addition  to  these  it  has  been  put  upon  the  coast  defense 
ship  Trehouart,  of  7.500  LH.P.,  and  the  battleships  Brennus 
and  Boutet,  of  14,000  LH.P.  each. 

In  the  Russian  Navy  water-tube  boilers  of  the  Belleville 
type  are  used  in  the  armored  gunboats  Grozjasciji,  Gremjasciji 
and  Otvaznji,  of  2,000  LH.P.  each,  also  in  the  royal  vacbts 
Mareto,  of  200  I.H.P.,  Standart,  15,000  LH.P.  and  Czdretna, 
800  LH.P.,  as  well  as  in  the  armored  cruiser  Minin,  of  6,000 
LH.P. 

In  the  English  Navy  the  Belleville  boiler  has  proven  itself 
satisfactory  in  the  Sharpshooter,  of  3,500  LH.P..  and  it  has 
also  been  applied  in  the  new  first-class  cruisers  Powerful  and 
Terrible,  of  25,000  LH.P.  each. 

Referring  to  the  merchant  marine,  we  find  that  as  long 
ago  as  1871  the  Lagrafel  boiler  was  used  in  the  steamer  Isere, 
and  the  same  type  of  boiler  was  applied  to  the  steamers  Blidak 
and  Medea  in  1873,  remaining  installed  in  these  vessels  up  to 
the  present  day. 

In  1874  Lagrafel  boilers  were  set  in  the  steamers  Paoli  and 
Saphis,  remaining  in  service  until  the  sinking  of  these  ships 
at  the  end  of  seven  and  eleven  years,  respectively.  These 
same  boilers  were  applied  to  the  steamships  Colon,  Cabile  and 
Caid  in  1874,  1875  and  1876,  respectively,  and  remained  in  ser- 
vice for  many  years. 

The  steamer  Liban,  built  in  1882,  was  rebuilt  in  1891,  and 
had  Lagrafel  D'Allest  boilers  put  in  her.  The  Bom  Pedro 
was  reconstructed  in  the  same  way  ;  the  first  of  these  being 
engaged  as  a  general  tramp,  while  the  latter  made  regular  trips 
between  Europe  and  South  America. 

In  1884  the  steamer  OrUgal,  of  1,800  LH.P.,  belonging  to 
the  Messaseries-Martimes  Co.,  was  fitted  with  compound  en- 
gines and'the  Belleville  boilers.  The  steamer  Sindh  (2,400 
LH.P.),  belonging  to  the  same  company,  had  had  a  new  set 
of  boilers  of  the  same  kind  put  in  her  many  years  previously. 
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The  same  type  of  water-tube  boilers  have  been  put  in  the  new- 
est and  largest  ships  of  this  same  company — namely,  the  Aus- 
tralien,  Polynesien,  Armand  Behic,  Villi'  de  In  dot  at,  of  7,000 
I.H.P.  each,  and  the  Ernest  Simons,  of  5,600  I.H.P. 

The  steamer  Mitidjah  is  fitted  with  the  Oriolle  boiler. 

The  English  steamer  Nero,  belonging  to  F.  Willson  &  Sons, 
of  Hull,  has  the  Babcock  &  Wilcox  boiler. 

The  Friant,  Charles  Martel  and  Elan,  of  the  French  Navy, 
as  well  as  several  steam  yachts,  have  the  Niclausse  type  of 
boiler. 

The  White  water-tube  boiler  has  also  given  satisfactory  re- 
sults in  an  English  vedette  boat. 

DESCRIPTION  OF   SOME  TYPES  OF    WATER-TUBE  BOILERS. 

I.  The  Babcock  &  Wilcox  boiler,  as  it  is  built  by  the  firm 
of  the  same  name  in  New  York  and  Glasgow,  is  shown  in 
figs.  4-6,  and  is  the  type  of  boiler  used  on  the  steamship  Nero. 
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"In  this  case  the  working  pressure  is  200  lbs.  per  square 
inch,  yet  the  construction  is  so  substantial,  as  far  as  strength 
sufficient  for  safety  is  concerned,  that  there  is  nothing  to  pre- 
vent the  construction  of  boilers  of  this  type  capable  of  work- 
ing under  a  still  higher  pressure. 

The  boiler  is  constructed  of  two  different  nests  of  tubes,  in 
which  a  separate  circulation  of  water  is  maintained.     One  of 
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tion  of  figs.  1-4  would  indicate.  These  groups  of  tubes  of 
four  each  can  be  readily  removed  through  the  hand-holes. 
The  stationary  boilers  of  this  make  have,  instead  of  a  group 
of  tubes,  a  single  tube  of  a  somewhat  larger  sectional  area. 

Over  this  nest  of  tubes,  and  like  unto  the  outer  shell  of  a 
boiler,  there  lie  two  cylindrical  steam  chambers,  of  which  the 
upper  one  contains  steam  only  when  the  boiler  is  in  service, 
while  the  lower  one  is  half  filled  with  water  and  steam. 

All  of  the  front  tubes  open  with  free  communication  into 
the  lower  steam  chamber,  while  those  at  the  back  communi- 
cate at  their  lower  end  with  a  common  mud  drum,  which  is 
fitted  with  a  blow-off  cock.  While  the  boiler  is  in  service  the 
water  flows  through  the  inclined  tubes  and  enters  as  a  mix- 
ture of  steam  and  water  into  the  front  tubes,  and  is  delivered 
by  them  into  the  upper  connecting  pipes  into  the  lower  steam 
chamber,  where  the  water  and  steam  separate.  In  like  man- 
ner there  is  an  outflow  of  cooler  water  from  this  lower  steam 
chamber  or  drum  into  the  tubes  at 
the  back. 

The  second  system  of  tubes  con- 
sists especially  of  a  number  of  ver- 
tical tubes,  which  likewise  form  a 
portion  of  the  collateral  boiler  ar- 
rangements. The  lower  ends  of 
these  tubes  are  fastened  into  two 
four-cornered  horizontal  tubes, 
while  their  upper  ends  either  run 
directly  into  the  lower  steam  drum, 
but  always  below  the  normal  wa- 
ter-level, or  open  into  two  other 
horizontal  tubes,  which  are  in  turn 
led  into  the  same  steam  drum,  but 
always  below  the  normal  water- 
level.  The  water  circulation  in  this 
system  of  tubes  is  such,  that  the 
water  which  is  heated  in  the  ver- 
tical tubes  rises  and  flows  into 
the  steam  drum,  either  directly  or 
through  the  intermediary  of  the 
upper  horizontal  tube,  while  it 
leaves  the  drum  through  three  or 
four  tubes  at  the  back  of  an  equiv- 
alent sectional  area. 

At  the  front  of  the  boiler  there 
is  still  another  tube  which  forms 
a  part  of  the  boiler  framing,  and  is  connected  with  this 
latter  system  of  circulation.  Over  the  boiler  at  the  base  of  the 
stack  a  tubular  heater  is  placed.  This  consists  on  one  end  of 
five  and  on  the  other  of  four  end  tubes,  which  are  connected 
with  each  other  by  an  equal  number  of  straight  tubes,  wherein 
the  water,  which  is  delivered  from  the  feed-pump,  enters  into 
the  lower  end  tube  or  header  at  one  end  and  flows  through 

Fig.  9. 
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these  nests  of  tubes  is  located  directly  over  the  grates,  and  is  a 
modification  of  the  water-tube  boiler  made  by  the  same  firm 
for  stationary  purposes.  It  consists  of  a  number  of  pairs  of 
front  tubes  of  sinuous  shape,  which  are  connected  with  each 
other  by  means  of  separate  groups  of  tubes,  as  the  lower  por- 


the  connecting  tubes  to  the  other  side,  and  thence  back  and 
forth  till  it  enters  the  upper  header,  from  which  it  is  delivered 
into  the  boiler.  In  this  header  the  water  circulation  is  en- 
tirely mechanical  or  foiced,  and  depends  upon  the  running  of 
the  feed-pump.     The  heating  surface  of  the  heater  is  usually 
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one-sixth  that  of  each  of  the  boilers,  and  as  it  is  the  coolest 
part  of  the  boiler,  it  is  not  to  be  supposed  that  the  escaping 
products  of  combustion  can  be  hot  enough  to  raise  this  water 
up  to  the  temperature  of  evaporation,  so  there  is  no  genera- 
tion of  steam  in  the  heater,  but  this  first  occurs  in  the  boiler 
itself. 

The  tubes  used  in  the  nest  that  is  located  directly  over  the 
fire  in  this  boiler  have  an  internal  diameter  of  1^  in.,  and  a 
length  of  7  ft.;  the  side  vertical  tubes  are  3  in.  diameter,  are 
spaced  5  in.  apart  from  center  to  center,  and  are  about  9  ft. 
long,  while  the  tubes  in  the  heater  are  3  in.  in  diameter  and 
are  approximately  7  ft.  6  in.  long.  The  side  construction 
consists  of  2  in.  of  strong  mason  work  supporting  the  vertical 
tubes,  and  i  in.  of  strong  insulating  material  made  of  asbestos 
sheets  bound  together  with  lead  cement. 

The  front  and  back  consist  principally  of  doors,  which  give 
access  to  the  end  tubes  and  their  numerous  hand-holes. 

Three  fire-doors  are  usually  provided  for  the  stoking.  The 
grate  surface  is  either  one  common  surface,  or  is  divided  by 
fire-brick  walls  into  three  parts  with  a  door  for  each  part,  an 
arrangement  that  permits  of  a  more  satisfactory  handling  of 
. the  fire. 

A  peculiarity  of  these  boilers  consists  in  the  fact  that  the 
tube  connections  are  simply  rolled  or  expanded  connections, 
and  that  no  screwed  stay  tubes  are  used.  By  avoiding  differ- 
ent thicknesses  in  the  shells  of  the  tubes,  such  a  boiler  will  be 
protected  from  the  strains  that  would  result  from  variations  of 
temperature  and  the  consequent  unequal  expansion.  The 
construction  guarantees  perfect  tightness  as  well  as  strength 
for  all  ordinary  services.  The  tubes  of  a  square  section  are 
also  connected  to  each  other  in  a  characteristic  manner  ;  it  is 
done  by  round  openings  into  which  the  tube  body  is  fastened 
by  rolling. 

The  hand-holes  arranged  for  the  rolling  of  the  tubes  must 
be  so  designed  as  to  be  closed  by  some  simple  device.  Their 
caps  are  removed  outwardly  so  that  the  pressure  tends  to  push 


drum,  need  no  further  bracing  at  this  point,  and  the  connec- 
tion of  the  remaining  parts  is  effected  by  friction  through  the 
rolling  out  of  the  tubes  in  the  tube-sheets. 

The  tubes  that  are  ordinarily  used  have  an  inside  diameter 
of  about  2f  in.,  a  thickness  of  i  in.,  and  are  spaced  4  in.  from 
center  to  center.     Serve  tubes  are  used  in  the  lower  rows. 

While  in  service  the  water-level  is  maintained  so  as  to  cover 
the  bottom  of  the  steam  drum,  and  the  circulation  of  water  is 
kept  up  by  the  water,  which  is  heated  in  the  tubes,  flowing 
out  into  the  front  water  leg  as  a  mixture  of  steam  and  water, 
and  thence  rising  directly  into  the  drum.  The  water  that  has 
thus  arisen  spreads  out  over  the  bottom  of  the  drum  and  flows 
down  through  the  back  leg,  from  which  it  is  received  into  the 
tubes. 

The  arrangement  of  the  course  of  the  products  of  combustion 
in  this  boiler  varies  somewhat  from  that  found  in  other  boil- 
ers of  the  water-tube  type.  These  boilers  are  usually  set  up 
in  pairs  near  each  other,  and  the  combustion  chamber  of 
the  two  is  a  common  space  located  between  the  two  nests  of 
tubes.  Yet  each  boiler  is  fed  separately  and  has  a  distinct  cir- 
culation of  water  of  its  own.  The  bottom  row  of  tubes  is 
raised  about  2  ft.  above  the  surface  of  the  grate.  In  order  to 
prevent  the  gases  of  combustion  from  passing  between  the 
interstices  of  the  bottom  row  of  tubes,  simply  formed  tiles  are 
laid  over  and  upon  them,  and  a  similar  layer  is  placed  on  the 
top  row.  The  spacing  of  the  outer  vertical  row  is  also  closed 
for  about  two-thirds  the  height  from  the  top  by  sheet  metal 
shields. 

The  design  is  very  clearly  shown  in  fig.  9,  wherein  the 
directions  indicated  by  the  arrows  show  the  course  that  the 
gases  of  combustion  must  follow.  They  will  be  seen  to  pass 
beneath  the  bottom  row  of  tubes  into  the  common  combustion 
chamber,  thence  sideways  through  the  nest  of  tubes  and  then 
to  spread  out  over  the  bottom  of  the  drum. 

This  arrangement  is  the  result  of  an  attempt  to  obtain  the 
most  perfect  combustion  possible,  by  remembering  that  the 
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them  off.  The  tightness  of  the  cap  is  assured  by  the  arrange- 
ment of  the  bearing  surface  without  having  recourse  to  a 
packing  material.  The  strap  on  the  boiler  is  held  by  bolts, 
it  is  made  in  one  piece,  and  so  formed  that  should  a  bolt  break 
and  the  cap  fall  only  a  slight  leak  would  be  the  result,  and  a 
great  quantity  of  steam  and  water  would  not  issue  forth.  The 
importance  of  such  a  detail  in  the  construction  is  very  impor- 
tant, when  we  consider  that  in  a  boiler  of  ordinary  size  there 
are  more  than  a  hundred  of  such  caps. 

II.  The  Lagrafel  D'Allest  boiler  (figs.  7-9),  as  it  is  at  pres- 
ent built  by  the  firm  known  as  the  Forges  et  Chantiers  de  la 
Mediterrannee  and  the  Fraissinet  Company,  of  Marseilles, 
has  a  certain  internal  likeness  to  the  Babcock  &  Wilcox  boiler. 

The  boiler  consists  of  two  water  legs,  which  are  connected 
with  each  other  by  a  number  of  inclined  water  tubes  lying 
directly  over  the  fire.  These  water  legs  are  formed  of  two 
flat  sheets  which  are  held  together  by  numerous  stay-bolts, 
and  they  are  closed  at  the  bottom  and  sides,  while  at  the  upper 
ends  they  are  open  into  a  steam  drum  of  cylindrical  form. 

In  the  construction  of  this  boiler  there  are  as  many  openings 
in  each  water  leg  as  there  are  tubes,  and  the  holes  in  the  outer 
sheets  are  larger  as  the  diameter  of  the  tubes  may  demand. 
The  tubes  are  fastened  in  the  tube-sheets  by  rolling  and  ex- 
panding, which  is  done  through  the  openings  in  the  outer 
sheet.  The  openings  in  the  outer  sheets  are  closed  by  cover- 
ings whose  lids  lie  inside  the  boiler,  and  which  are  held  in 
position  by  bolts  and  yokes  ;  the  joints  are  made  by  asbestos 
and  a  soft  copper  wire.  The  boiler  has  no  stay  tubes  ;  the 
water  legs,  which  are  connected_at  the  top  through  the  steam 


direct  rising  of  the  distilled  gases  through  the  interstices  of 
the  nest  of  tubes  would  subject  them  to  such  a  cooling  tem- 
perature that  the  unburned  gases  could  not  unite  with  the 
oxygen. 

The  interior  cleanliness  of  the  tubes  and  water  legs  can  be 
easily  maintained  through  the  numerous  openings  in  the  latter. 
A  damaged  tube  can  either  be  plugged  or  cut  out  and  re- 
placed. 

III.  The  Oriolle  boiler  (figs.  10  and  11).  as  built  by  the 
Messrs.  Oriolle  at  Nantes,  resembles  the  Lagrafel  boiler  in 
that  it  consists  of  two  water  legs  which  are  connected  to  each 
other  by  a  number  of  straight  lubes.  Only  one  of  these  legs, 
however,  is  in  communication  with  the  steam  drum,  and  that 
is  through  a  pipe.  The  tubes  are  located  directly  over  the 
fire,  and  onlv  single  tubes  are  ranged  along  the  sides  of  the 
furnace,  as  is  done  with  the  Lagrafel  boiler.  The  rows  of 
tubes  are  staggered,  so  that  a  tube  is  placed  over  the  spacing 
of  the  row  beneath.  The  gases  which  rise  from  the  fire 
through  the  spaces  in  this  nest  of  tubes  accomplish  a  greater 
heating  effect  by  this  arrangement  than  would  be  the  case 
were  the  tubes  placed  in  vertical  rows.  The  course  of  the 
draft  reminds  one  of  that  of  the  Lagrafel  boiler  in  its  older 
form. 

While  in  service  the  water-level  is  kept  below  the  top  of  the 
upper  row  of  tubes.  The  water,  therefore,  flows  out  from 
the  lower  row  of  tubes  into  the  front  water  leg  and  upward 
in  it  to  the  water-level  and  then  back  through  the  adjacent 
tubes  to  the  leg  at  the  rear. 

The  tubes  that  are  used  are  2  in.  in  diameter.    The  circula- 
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tion  should  be  brisk,  and  no  deposits  would  be  formed  even 
though  impure  water  were  used  in  service.  Nothing  but 
steam  is  contained  in  the  upper  tubes  while  the  boiler  is  at 
work,  and  this  steam  is  here  superheated.  As  these  tubes 
have  only  a  slight  heating  efficiency  as  compared  with  the 
tubes  that  are  filled  with  water,  it  follows  that  they  burn  out 
sooner  than  the  latter. 

IV.  The  Yarrow  water-tube  boiler  (fig.  12)  also  consists  of 
two  water  legs,  which  are  connected  with  each  other  by  a  nest 
of  straight  tubes  and  opening  into  a  cylindrical  boiler  shell 
forming  a  steam  drum.  The  water  tubes  extend  even  through 
outer  sheets  of  the  water  legs,  and  are  fastened  in  each  of  the 
four  sheets  by  expanding,  which  is  done  with  a  simple  ma- 
chine. The  tubes  that  are  used  are  made  of  iron,  are  H  in. 
outside  diameter,  and  are  cut  with  slots  at  that  point  which 
lies  within  the  water  leg  ;  their  ends  are  closed  with  a  simple 
screw  plug.  The  water  circulation  in  this  boiler  is  exactly 
the  same  as  that  of  the  Lagrafel  D'Allest  boiler. 


Fig.   12. 
THE  YARROW   BOILER. 

V.  The  Belleville  boiler  (figs.  13-lfi)  consists  of  a  series  of 
nests  of  tubes,  which  are  arranged  near  each  other  over  the 
fire  and  are  enclosed  by  a  wall  of  heat-insulating  material. 
Each  nest  of  tubes,  which  is  called  an  "  element,"  contains  a 
number  of  straight  tubes  which  are  arranged  in  the  form  of  a 
compressed  spiral.  The  tubes  are  screwed  into  forged  con- 
nections. The  connections  between 
the  cloments  are  arranged  vertical- 
ly the  one  over  the  other,  and  so 
located  that  the  upper  end  of  one 
tube  lies  on  the  same  level  as  the 
lower  end  of  the  next  tube.  The 
connecting  pieces  or  heads  at  the 
front  end  have  two  openings 
through  which  the  opening  of  the 
tube  can  be  examined  or  the  tube 
cleaned.  With  these  facilities  an 
internal  inspection  can  be  made 
with  an  electric  lamp,  which  is 
fastened  on  the  end  of  a  stick  for 
the  purpose  and  run  down  into  the 
tube.  A  simple  hand-holt  plate 
with  a  yoke  and  screw  is  used  for 
closing  this  opening.  All  of  the 
tubes  are  slightly  inclined.  For 
war  vessels  tubes  of  3  in.  diam- 
eter are  ordinarily  used,  but  for 
other  vessels  the  diameter  of  the 
tubes  is  usually  put  at  S  in.  The 
thickness  of  these  tubes  is  usu 
ally  i  in.  for  those  in  the  upper 
rows  and  |  in.  for  those  in  the 
lower. 

At  the  front  end  each  element  is  brought  into  direct  connec- 
tion with  the  common  feed-water  pipe  by  means  ot  the  bottom 
head,  and,  at  the  top,  it  is  connected  in  a  similar  way  by  the 
top  head  with  the  outer  half  of  the  boiler-shaped  vessel  form- 
ing the  steam  drum.     Furthermore,   the  steam  drum'com- 


municates  through  system  of  piping  laid  in  its  bottom  and 
outer  half  of  its  shell  with  a  horizontal  water-pipe.  It  is  in 
this  system  of  piping  that  the  water  for  the  boiler  is  purified. 
The  feed-water  is  delivered  into  the  steam  drum  on  the  side 
opposite  to  that  from  which  the  circulation  pipes  are  led  off. 

While  in  service  the  water-level  is  kept  somewhat  above  the 
bottom  of  the  drum,  and  the  circulation  of  the  water  flows 
through  each  element  successively— that  is,  out  of  the  com- 
mon horizontal  water  tube  down  to  the  bottom  tube,  into 
which  latter  the  water  flows  and  is  heated,  so  that  it  passes 
through  the  back  connection  as  a  mixture  of  steam  and  water 
into  the  tube  lying  above  it,  where  more  steam  is  generated, 
and  this  continues  from  one  to  the  other.  Through  each  tube 
of  an  element  there,  therefore,  streams  not  only  the  steam 
that  has  been  generated  in  the  tubes  that  lie  below  it,  but  also 
that  which  it  has  itself  produced.  Out  of  each  element  there 
pours  a  mixture  of  steam  and  water,  which  is  finally  separated 
in  the  drum  by  a  perforated  plate  construction.  There  on 
the  common  bottom  the  hot  water  mingles  with  the  incoming 
feed-water,  and  flows  out  through  the  circulation  tube  into 
the  feed-water  purifier  and  from  this  into  the  common  hori- 
zontal water-pipe,  whence  it  again  passes  into  the  circulation 
through  the  elements. 

The  fact  that  the  steam  generated  in  the  lower  tube  is  com- 
pelled to  pass  through  those  at  the  top,  increases  the  rapidity 
of  the  circulation  of  the  water  over  that  which  we  have  found 
in  other  water-tube  boilers  where  the  steam  flows  directly 
from  each  tube  into  the  drum.  On  the  other  hand,  the  speed 
of  the  circulation  suffers  a  marked  diminution  through  the 
manifold  changes  of  direction  due  to  the  course  which  it  has 
to  follow  in  passing  from  one  tube  to  the  next. 

The  feed-water  purifier  is  a  peculiarity  of  this  form  of 
boiler  ;  the  addition  itself  is  dependent  upon  the  method  of 
handling  the  feed-water,  and  has  been  developed  as  the  result 
of  practice. 

It  is  a  well-known  fact  that,  in  spite  of  the  greatest  economy 
in  the  consumption  of  lubricants,  and  in  spite  of  the  passing 
of  the  feed-water  through  separators,  that  it  will  take  a  certain 
percentage  of  fats  and  salts  from  the  upper  surfaces  of  con- 
densation which  is  deposited  upon  the  heating  surfaces  of  the 
boiler,  where  it  gives  many  causes  of  anxiety. 

In  service  these  boilers  are  served  with  small  doses  of  lime- 
water  in  attenuated  solutions.  It  mingles  with  the  feed-water 
delivered  by  the  pump  into  the  drum,  flows  over  the  whole 
length  of  the  bottom  before  going  out  into  the  circulating 
tube,  and  mingles  with  that  mixture  of  steam  and  water  rising 
from  the  elements,  so  that  it  is  quickly  raised  to  the  boiling 
point.  As  a  result  of  this  sudden  raising  of  its  temperature, 
all  of  the  lime-salts  as  well  as  that  brought  in  by  the  feed- 
water,  together  with  the  lime  of  the  lime-water,  which  is 
straightway  separated,  is  precipitated  in  a  powdered  form, 
and  mixing  in  this  finely  divided  state  with  the  oily  particles 
present  in  the  feed  water  is  carried  into  the  feed-water  puri- 
fier, through  which  the  water  for  the  boiler  flows  at  a  low 
velocity,  allowing  the  slime  to  be  deposited. 


Fig.   14. 
THE  BELLEVILLE  BOILER. 

Investigations  have  shown  that  this  process  is  very  perfectly 
carried  out,  and  that  the  heating  surfaces  remain  clean  ;  even 
though  sea  water  is  used  as  a  source  of  supply  for  wasteage, 
the  heating  surfaces  show  no  signs  of  deposits,  while  in  the 
purifier  a  thick  slimy  deposit  will  be  found. 
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This  method  of  handling  the  feed  water  with  lime  has  also 
been  used  in  the  working  of  the  Lagrafel  D'Allest  boilers, 
wherein  4  lbs.  of  lime  was  used  each  24  hours  per  1,000  I.  H.  P. ; 
yet  with  this  boiler  the  separation  from  the  feed-water  before 
coming  in  contact  with  the  heating  surfaces  was  not  success- 
ful, and  the  deposits  were  found  chiefly  at  the  lower  portion 
of  the  back  water  leg,  where  the  water  is  most  quiescent. 

All  the  connections  of  the  Belleville  boilers  are  made  with 
screws.  The  tubes  are  screwed  into  the  back  heads  and  the 
connection  strengthened  by  check  nuts  lower  down.  The 
front  heads  have  a  slip  joint,  with  threads  in  which  the  end  of 
the  tube  is  screwed,  and  where  it  is  held  by  a  check  nut.  It 
is  only  at  the  tube  ends  that  the  flame  impinges  against  a 
double  thickness  of  metal. 

The  simple  manner  in  which  the  repairs  of  this  boiler  are 
provided  for  deserves  to  be  followed  out,  for  a  boiler  can  be 
cleared  of  any  desired  element  by  slacking  off  the  fastenings  of 
the  upper  and  lower  surfaces,  when  it  can  be  drawn  out  into 
the  fire-room.  Any  desired  tube  in  this  element  can  then  be 
removed,  by  taking  off  the  unscrewed  ring  piece  which  con- 
nects it  with  the  front  head  and  slipping  the  tube  out  of  the 
back  head,  from  which  it  has  been  unscrewed.  A  new  tube 
with  a  new  ring  piece  can  then  be  put  in  and  the  element  put 
back,  so  that  the  boiler  can  be  filled  and  under  steam  again  in 
about  six  hours,  so  that  all  the  work  of  a  machinist  with  the 
help  of  the  fireman  can  be  dispensed  with. 
(to  be  conttxced.  ) 


ism  has  on  the  trade  of  the  country,  and  on  this  point  it  says  : 
"  The  value  of  fixed  capital  laid  idle  by  the  strikes  in  various 
trades  during  1891  amounted  to  £9,493,000.  But  the  most 
fearful  indications  of  the  evil  wrought  by  strikes  which  oc- 
curred in  1891,  1892  and  1893  are  shown  by  the  exports  from 
Great  Britain  during  the  three  quarters  of  each  of  those  years 
ending  September  30.  The  totals  were  :  In  1891,  £187,475,- 
396  ;  in  1892,  £170,480,788  ;  in  1893,  £165,393,621,  or  a  differ- 
ence of  nearly  £22,000,000  between  1891  and  1893."  Not- 
withstanding this  diminution  in  production  the  bill  of  the 
nation  for  food  and  drink  imported  has,  the  report  adds,  not 
stood  still  or  diminished,  but,  on  the  contrary,  has  increased, 
and  Great  Britain  has  been  paying  this  bill,  not  out  of  income 
from  material  produced,  but  out  of  capital. 


MANIFESTO  OF    THE  NATIONAL  FREE  LABOR 
ASSOCIATION. 


Evidently  there  is  rebellion  against  the  trade  unions  in 
Great  Britain,  as  is  shown  by  the  following  manifesto,  dealing 
with  the  recent  Trade  Union  Congress,  has  been  prepared  by 
the  National  Free  Labor  Association,  and  which  tie  Time* 
said  a  short  time  ago  will  be  issued  in  the  course  of  a  few 
davs  : 
"  After  the  series  of  ridiculous  farces  enacted  at  the  late  Trade 
Union  Congress  at  Norwich,  we  invite 
your  attention  to  the  policy  now  en- 
tered upon  by  the  leaders  of  the  '  new  ' 
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Fig    15- 
STEAM  CHAMBER  OF  THE!  BELLEVILLE  BOILER. 


!  Fig.  16. 
'COMMOX  FEED-WATEK  PIPE.  | 


FREE  LABOR  AND  TRADE  UNIONISM. 


Is  the  annual  report  of  the  executive  of  the  National  Free 
Labor  Association,  presented  at  the  annual  conference  held  in 
October,  some  statistics  are  given  concerning  the  present  posi- 
tion of  free  labor  in  Great  Britain.  It  is  stated  that  up  to  the 
end  of  August  last  no  fewer  than  228,000  seamen  had  been 
registered  as  free  labor  men,  and  a  large  number  of  these  were 
known  to  have  previously  belonged  to  "  Wilson's  Union." 
In  the  metropolitan  docks  the  demand  for  free  labor  tickets 
has  been  so  great  that  it  has  been  necessary  to  limit  their  issue 
according  to  the  actual  number  of  men  for  whom  employment 
could  be  found.  "  The  aggressive  attitude  of  Messrs.  Burns, 
Mann,  Tillett  and  Wilson,  with  their  'new  unionism,'  has," 
the  report  proceeds,  "  resulted  in  their  utter  defeat,  and  has 
converted  Southampton,  Plymouth,  Cardiff  and  Dublin,  as 
well  as  Hull,  into  free  labor  ports."  Discussing  the  present 
strength  of  the  trade  unionists,  the  report  says  that  out  of 
9,786  073  male  persons  of  20  years  of  age  or  over  who  are 
working  for  their  living  in  the  United  Kingdom,  only  1,109,014 
are  members  of  trade  unions,  leaving  8,677,059  to  be  described 
as  free  labor  men,  non-unionists,  "blacklegs,"  "scabs," 
"  knobsticks,"  or  anything  else  but  trade  unionists.  Since 
the  great  dock  strike  "  persistent  and  cruelly  unjust  efforts" 
have  been  made  to  force  unwilling  men  to  join  the  trade  socie- 
ties, many  of  which  are  run  on  purely  party  grounds  or  to  fur- 
ther the  socialistic  schemes  of  the  union  leaders.  "  But  what 
success,"  the  report  continues,  "has  attended  the  efforts  of 
Mr.  John  Burns  ?  The  voluntary  and  compulsory  additions 
to  trade  unions  between  the  1891  and  the  1892  returns  left  a 
total  of  18,000  less  than  the  desertions.  The  numerical  strength 
of  the  unions  has  gone  back  in  spite  of  his  great  efforts,  and 
confidence  in  the  management  of  the  agitators  and  self-seekers 
has  been  shaken  among  those  who  remain  true — voluntarily, 
or  under  dread  of  the  consequences.  We  believe  in  the  need 
of  combination,  but  not  in  the  11  per  cent,  being  allowed  to 
coerce  89  per  cent,  of  the  workmen  of  the  country."  The  re 
port  also  deals  with  the  question  as  to  what  effect  trade  union- 


trade  unionism,  and  ask  you  to  compare  their  wild  theories 
with  the  sturdy  common  sense  of  the  well-tried  and  veteran 
labor  leaders  who  have  served  you  so  well  in  the  past. 

"  At  the  recent  congress  at  Norwich  the  following  resolu- 
tion was  actually  passed  : 

"  '  That,  in  the  opinion  of  this  congress,  it  should  be  made 
a  penal  offense  for  an  employer  to  bring  to  any  locality  extra 
labor  when  the  existing  supply  was  sufficient  for  the  needs  of 
the  district.' 

• '  Now,  we  ask  vou  to  consider  the  full  meaning  of  this  in- 
solent demand,  (a)  It  means  that  no  employer  will  be  able  to 
give  you  work  unless  you  belong  to  a  trade  union,  (b)  It 
means  that  no  British  workman  shall  be  free  to  work  except 
he  receives  the  precious  permission  of  the  trade  union  officials. 
(e)  It  means  that  an  insidious  attempt  is  being  made  to  coerce 
vou  into  joining  the  trade  unions. 

"But  that  is  not  all.  The  congress,  which  professed  to 
have  for  its  object  the  freedom  of  labor,  has  a  curious  idea  of 
that  policy,  for  it  resolves  to  urge  upon  the  Government  the 
advisability  of  reintroducing  the  Employers'  Liability  Bill, 
with  the  clause  which  forbids  workmen  to  make  better  terms 
with  their  employers  than  the  law  courts  would  enable  them 
to  do. 

"  Fellow- workmen,  we  do  not  think  you  will  call  this  free- 
dom :  we  think  you  will  call  it  tyranny,  and  that,  too,  in  one 
of  its  worst  forms. 

"  Has  now  every  workman  the  right  to  make  terms  with  his 
employer  as  to  insurance  against  accidents  ?  We  think  you 
will  say,  '  Yes.  undoubtedly  :'  but  the  trade  union  officials 
say,  '  No  :  let  us  destroy  these  mutual  insurance  societies  in 
order  that  we  mav  wield'more  power  over  the  destinies  of  their 
members  ;'  and  we  therefore  maintain  that  a  congress  of  trade 
union  officials  which  advocates  the  passing  of  a  measure  for- 
bidding '  contracting  out.' has  no  right  to  profess  to  champion 
the  rights  of  labor,  but  that  it  has  grossly  misrepresented  the 
opinions  of  the  vast  majority  of  the  working  classes. 

"  Evidentlv  wishing  to  cap  these  demands  with  something 
more  ridiculous  still,  the  congress  passed  a  resolution  affirming 
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the  desirability  of  nationalizing,  not  only  the  land,  mines,  and 
railways,  but  all  the  means  of  production,  as  if  there  were  the 
slightest  chance  of  this  wild  dream  ever  being  realized  ;  if 
newspapers  had  been  included  in  the  list  of  things  the  congress 
wished  to  nationalize,  would  not  there  have  been  a  tremendous 
outcry  raised  by  those  journals  which  are  at  the  present  mo- 
ment engaged  in  supporting  these  trade  union  officials,  and  yet 
there  is  far  more  sense  in  the  theory  of  nationalizing  the  press 
than  in  that  of  nationalizing  the  land  and  its  minerals." 


BAGUELEYS  VALVE-GEAR. 


The  full-page  engraving  herewith  represents  a  very  in- 
genious and  simple  valve-gear,  which  is  the  invention  of  Mr. 
Ernest  E.  Bagueley,  of  Stafford,  England.  To  readers  who 
are  familiar  with  the  principles  of  the  link-motion  and  "  radial" 
gears,  the  operation  of  the  mechanism  shown  by  the  engrav- 
ing will  be  obvious  with  little  or  no  explanation. 

The  link  A  is  suspended  or  supported  by  bearings  H,  which 
are  journalled  in  an  eccentric  I  attached  to  the  pendulous 
lever  B.  This  eccentric  oscillates  in  the  bearings  K,  and  the 
lower  end  O  of  the  link  B  is  driven  by  the  rod  C,  which  is 
attached  to  the  crank-pin  P,  or  may  be  pivoted  to  the  con- 
necting-rod. The  motion  thus  imparted  to  the  lower  end  of  B 
and  to  the  eccentric  I  moves  the  link  A  in  a  horizontal  direc- 
tion opposite  to  that  of  the  piston,  an  amount  equal  to  the 
lead.  The  link  A  has  a  horizontal  arm  Q  attached  to  its  back 
side.  The  end  of  this  is  connected  by  another  link  E  to  the 
rod  C,  the  vertical  movement  of  which  is  transmitted  to  the 
end  of  the  arm  Q,  which  thus  oscillates  the  link.  This  oscil- 
lation added  to  the  lead  gives  the  valve  its  required  travel. 
The  link  is  connected  to  ths  valve-stem  by  a  block  D  and 
radius  link  F,  which  is  raised  and  lowered  by  a  tumbling  or 
reverse  shaft  if  in  the  usual  manner. 

The  inventor  says  that  "  the  link  A  is  held  in  position  by 
the  rod  E,  the  length  of  which  is  such  as  to  have  the  error 
due  to  its  end  traveling  in  an  arc  corrected  by  the  same  move- 
ment of  the  end  of  the  lever  B.  which  gives  the  lap  and  lead 
movement.  .  .  .  The  motion  gives  equal  leads,  port  open- 
ings, and  cut-off." 

It  is  a  very  simple  form  of  gear,  and  may  be  readily  applied 
to  the  ordinary  type  of  "  American"  locomotives,  and  it 
seems  to  have  very  decided  merits. 


THE  BOW  FIRE  OF  MODERN  SHIPS. 


The  following  interesting  letter  from  a  correspondent  of  the 
London  Time*  has  recently  been  published  in  that  paper  : 

"As  a  broadly  stated  proposition,  it  is  true  of  the  modern 
British  man-of-war  that  upon  an  object  lying  directly  ahead  of 
her  she  can  bring  to  bear  a  smaller  number  of  guns  than  can  be 
brought  to  bear  upon  a  similarly  situated  object  by  the  mod- 
ern foreign  warship  of  corresponding  class  and  less  displace- 
ment. It  is  also  true,  as  a  general  rule,  that  the  British  guns 
thus  capable  of  firing  right  ahead  are,  although  fewer,  some- 
what heavier,  especially  in  battleships,  than  the  foreign  ones. 
Apparently  it  has  been  assumed  by  us  that,  so  far  as  bow  fire 
is  concerned,  superiority  of  caliber  will  compensate,  at  least  to 
some  extent,  for  numerical  inferiority  of  pieces  ;  and  since, 
even  in  our  latest  designs,  the  principle  has  been  persisted  in, 
in  spite  of  the  fact  that  all  foreign  countries  have  adopted  the 
diametrically  opposite  system,  it  is  important,  before  we  lav 
down  any  more  ships,  to  inquire  whether  or  not  we  are  herein 
following  a  sound  and  defensible  policy.  For  the  proper  con- 
sideration of  the  problem  it  is  necessary  to  bear  in  mind  cer- 
tain axioms.  One  of  these  is  that  it  is  desirable,  both  because 
of  the  relative  smallness  of  the  target  thereby  exposed,  and 
also  because  of  the  manoeuvring  advantages  that  are  thereby 
retained,  to  fight  as  much  as  possible  bows  on.  Another  is 
that  smaller  guns  can  be  fired  with  proportionately  greater 
rapidity  than  larger  ones.  Another  is  that  multiplication  of 
pieces  reduces  the  risk  of  the  total  disablement  of  the  gun 
armament  of  a  ship.  And  yet  another  is  that,  although  a  suc- 
cessful shot  from  a  larger  gun  may  be  proportionately  more 
destructive  than  a  successful  shot  from  a  smaller  one,  it  is 
easier  to  make  accurate  shooting  with  smaller  guns  than  with 
larger  ones  ;  and  that,  not  only  on  account  of  their  greater 
facility  of  manipulation,  but  also  on  account  of  their  greater 
rapidity  of  fire,  smaller  guns  may  be  expected  to  make  more 
hits  than  larger  ones.  From  this  it  may  easily  result  that  in  a 
given  length  of  time  a  comparatively  small  gun  may  do  more 
aggregate  damage  than  a  very  large  one,  seeing  that  the  small 
one  is  capable  of  getting  rid  of  the  greater  number  of  projec- 
tiles, and  possibly  even  of  the  greater  weight  of  metal,  as  well 
as  of  making  the  larger  proportion  of  hits.  It  is  further  neces- 
sary, in  order  to  be  able  to  weigh  the  question,  to  assess,  at 


least  roughly,  the  relative  quickness  of  fire  of  the  various 
classes  of  guns.  It  is  probably  fair  to  assume  that,  supposing 
each  weapon  to  be  ready  loaded  at  the  beginning  of  an  action, 
guns  can  fire  as  follows,  due  attention  being  paid  to  aim.  in  a 
space  of  3  minutes  :  Breechloaders  of  10  in.  and  upward,  two 
shots  ;  of  8  in.  and  less  than  10  in.,  three  shots  ;  of  8  in.  and 
less  than  8  in. ,  four  shots.  Quick-firing  guns  of  8  in. .  10  shots  j 
of  4.7  in.  and  less  than  6  in.,  12  shots  ;  of  3.9  in.  and  less  than 
4.7  in.,  14  shots.  In  the  comparisons  which  are  to  be  made, 
guns  of  less  than  3.9  in.  (10  centimeters  i  caliber  are  not  con- 
sidered, as  they  do  not  pierce  any  formidable  thickness  of 
armor.  The  period  of  3  minutes  has  been  chosen  as  the  unit 
for  the  purposes  of  comparison,  since  in  3  minutes  two  vessels 
approaching  one  another  at  a  speed  of  15  knots  would  reduce 
the  distance  between  them  from  2  miles  to  $  mile.  In  other 
words,  in  that  brief  space  of  time  they  would  traverse  the 
whole  zone  in  which,  while  the  gun  is  most  dangerous,  the 
torpedo  is  absolutely  harmless. 

"  Here,  then,  is  a  statement  of  what  can  be  done  by  the  bow 
guns  of  some  typical  modern  ships  in  3  minutes  : 
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"  Special  notice  is  directed  to  the  astonishing  strength  of  the 
Cliarlemagne,  Ifeio  York,  Jaureguiberry ,  Capitano  Prat  and 
Oregon. 

hi"  It  will  he  seen  that  in  every  case  the  how  fire  of  the  British 
ships,  tested  by  this  3  minute  standard,  is  weaker,  not  only  in 
number  of  rounds,  but  also  in  weight  of  metal  thrown  and  in 
total  muzzle  energy  developed,  than  the  bow  fire  of  foreign 
ships  of  similar  class  and  of  about  the  same  or  of  smaller  dis- 
placement. The  attention  which,  especially  in  France  and 
the  United  States,  has  been  devoted  to  the  increase  of  end  on 
fire  has  hitherto  passed  almost  unregarded  here  ;  but  our  dis- 
parity in  this  respect  has  now  become  so  marked  that  we  can 
no  longer  afford  to  disregard  the  subject." 


THE     INCLINED     PLANES     OF     THE     MORRIS 
CANAL. 


In  our  issue  for  January,  1893,  we  illustrated  and  published 
a  short  description  of  the  inclined  planes  that  are  in  use  on 
the  Biwa  Canal,  in  Japan,  which  were  built  under  the  super- 
intendence of  Mr.  Sakuro  Tanabe,  of  the  Imperial  University 
of  Japan.  At  the  time  of  the  publication  of  the  article  we 
were  not  aware  that  Mr.  Tanabe  had  visited  this  country  as 
a  member  of  a  Japanese  commission,  to  investigate  the  in- 
clined planes  in  use  on  the  canals  of  America,  with  the  view 
of  adapting  them  to  Japanese  services  ;  but  the  fact  is  that 


20  ft.  at  the  bottom  and  32  ft.  on  the  water-line.  The  locks 
were  naturally  of  corresponding  dimensions,  the  chambers 
being  9  ft.  wide  and  75  ft.  long  between  the  miter  sills. 

Differences  in  level  were  overcome,  then  as  now,  by  both 
locks  and  inclined  planes,  depending  upon  the  lift  between 
the  two  adjacent  levels,  hut  the  planes  were  of  the  lock  as 
well  as  of  the  summit  type.  There  were  23  of  these  planes  all 
told,  of  which  three  were  of  the  lock  type  and  20  were  sum- 
mit planes.  The  difference  is  that  the  summit  plane  is  one 
like  that  shown  in  our  engraving,  where  the  incline  rises  over 
the  brow  of  the  embankment  at  the  end  of  the  canal,  and 
thence  passing  over  it  dips  down  into  the  water,  while  the 
lock  planes  end  in  the  chamber  of  a  shallow  lock,  into  which 
the  boat  is  run,  and  where,  after  the  gates  have  been  closed, 
water  is  admitted  raising  the  level  to  that  of  the  canal  above. 

This  system  was  continued  until  the  winter  of  1835-36,  when 
all  of  the  summit  planes  were  changed  to  lock  planes.  The 
probable  reason  for  this  was  that  an  increase  in  the  length  of 
the  boats  was  in  contemplation,  and  there  was  a  difficulty  in 
carrying  a  solid  boat  over  the  brow  of  the  incline  on  a  single 
car.  The  canal  remained  in  this  condition  until  1841,  when 
the  demand  for  better  facilities  and  larger  boats  led  to  the 
widening  of  the  planes  by  2  tt.,  while  the  locks  were  widened 
to  11  ft.  and  lengthened  to  95  ft.  The  traffic  still  continuing 
to  increase,  work  on  the  general  enlargement  of  the  waterway 
was  begun  in  1845,  when  the  breadth  of  the  canal  was  increased 
to  25  ft.  at  the  bottom,  to  40  ft.  at  the  water-line,  and  the 


THE  CREST  OF  THE  INCLINE  AT  BLOOMFIELD,  N.  J.,  SHOWING  BOAT  LEAVING  THE  WATER. 


this  commission  made  a  very  careful  study  of  the  inclined 
planes  in  use  on  the  Morris  Canal,  and  it  was  from  the  draw- 
ings and  memoranda  obtained  during  this  visit  that  the  de- 
tails of  the  planes  on  the  Biwa  Canal  were  prepared.  Thus 
did  we  go  abroad  to  learn  the  news  of  home. 

It  was  at  the  close  of  the  first  quarter  of  this  century,  before 
the  advent  of  railroads  and  when  canal  transportation  still 
held  the  pre-eminent  position  as  an  economical  method  of 
transportation,  that  the  charter  was  granted  for  the  construc- 
tion of  the  Morris  Canal,  that  was  to  and  did  afford  a  cheap 
means  of  transportation  for  merchandise  between  the  Hudson 
and  the  Delaware,  and  especially  as  an  eastern  outlet  for  the 
coal  of  Pennsylvania.  To  he  exact,  the  charter  for  the  con- 
struction of  this  canal  was  granted  on  December  31,  1824,  and 
in  the  following  July  ground  was  broken  and  the  work  pushed 
to  completion,  which  was  accomplished  six  years  later,  in 
August,  1831 — that  Is,  the  canal  was  finished  through  to 
Newark,  but  it  was  not  until  1836  that  it  was  carried  through 
to  Jersey  City. 

In  these  days  of  ship  canals  connecting  widely  separated 
bodies  of  water,  the  original  Morris  Canal  was  of  Lilliputian 
dimensions.  As  first  constructed  the  dep'th  of  the  water  was 
only  4  ft.,  in  which  boats  of  18  gross  tons  capacity  and  draw- 
ing 3  ft.  of  water  were  floated.     The  breadth  of  the  canal  was 


depth  of  water  made  5  ft.  instead  of  4  ft.  At  the  same  time 
the  section  boats,  like  those  shown  in  our  engravings,  were 
first  introduced,  and  these  had  a  cargo  capacity  of  44  gros- 
tons.  These  boats  are  really  two  separate  vessels,  but  depens 
dent  upon  each  other  in  that  one  has  the  bow  and  the  other 
the  stern  with  the  rudder.  They  are  hinged  together  at  the 
deck-line  by  heavy  iron  bars  in  a  manner  exactly  similar  to 
that  shown  on  the  half  section  of  the  car  in  our  engraving. 
As  these  boats  were  of  such  a  construction  as  to  be  easily  car- 
ried over  the  brow  of  a  summit  plane,  and  as  this  style  of 
plane  is  less  expensive  and  troublesome  to  operate  than  the 
lock  type,  all  of  the  planes  west  of  the  summit  were  rebuilt 
and  converted  to  summit  planes  using  wire  ropes  in  the  win- 
ter of  1850-51.  The  work  was,  however,  begun  in  the  winter 
of  1847-48,  when  plane  No.  6,  west,  was  so  reconstructed 
This  work  was  followed  at  once  by  the  remodelling  of  all  of 
the  planes  east  of  the  summit  to  similar  arrangements,  but 
the  work  proceeded  more  slowly,  and  it  was  not  until  1860 
that  the  last  change  had  been  made,  although  it  had  been 
commenced  in  1852  and  continued  without  interruption  until 
completion. 

This  enlargement  and  change  in  the  capacity  of  the  canal 
was  followed  at  once  by  the  introduction  of  larger  boats  in 
1860,  when  70  gross  tons  was  the  limiting  capacity.     This 
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rating  has  been  only  slightly  increased  since  then,  and  the 
average  cargo  is  now*  from  To  tons  to  80  tons,  with  the  boat 
drawing  4  ft.  of  water. 

As  we  have  already  said,  the  canal  starts  from  tidewater 
level  at  Newark  and  runs  to  Phillipsburg  on  the  Delaware 
River.  In  traversing  it  a  boat  passes  through  16  lift  locks 
and  over  12  inclined  planes  to  the  summit,  which  is  at  Lake 
Hopatcong.  The  elevation  above  the  sea  level  at  this  point  is 
914  ft.,  of  which  156  ft.  were  gained  in  the  locks  and  758  ft. 
on  the  inclined  planes.  From  the  summit  the  drop  to  the 
Delaware  River  at  low  water  is  made  by  means  of  11  inclined 
planes  and  seven  locks,  giving  a  total  fall  of  760  ft.,  of  which 
69  ft.  is  accomplished  by  the  locks  and  691  by  the  planes. 
This  survey  indicates  that  the  Delaware  at  Phillipsburg  is 
154  ft.  above  tide-water.  Water  is  supplied  by  the  Ramapo, 
Pequonoek.  and  Wyanock  rivers,  from  Greenwood  Lake, 
which  is  artificially  raised  15  ft.  by  the  canal  dam,  and  from 
Lake  Hopatcong,  which  is  raised  11  ft.  above  its  normal  level 
by  similar  means.  Then  there  are  other  reservoirs  known  as 
the  Cranberry  Reservoir,  Bear  Pond,  and  the  Rockaway  River. 

At  present  the  tonnage  passing  through  the 
canal  is  from  1,500  tons  to  1,600  tons  a  day, 
and  the  time  required  for  the  passage  from  end 
to  end,  a  distance  of  about  75  miles,  it  in  the 
neighborhood  of  four  days,  all  boats  lying  to  at 
night. 

The  engravings  published  on  pages  554  and 
555  are  taken  from  photographs  of  the  plane  at 
Bloomfield,  N.  J.     That  on  page  555,  which  is 
taken  looking  east  from  the  end  of  the. canal, 
shows  the  brow  at  the   summit   of    the   plane 
with  the  car  and  boat  which  have  just  come  out 
of  the  water  passing  over  the  crest,  one-half 
being  on  each  incline.     The  whole  length  of 
the  incline  is  shown  by  the  two  engravings  on 
page  554,  the  photographs  having  been  taken 
from  the  same  point,  one  looking  up  and  the 
other  down.     In  one  a  boat  is  seen  ascending 
the  plane,  and  in  the   other   the  power  house, 
with  the  flume  leading  to  it  from  the  upper 
level,  together  with  the  ropes,  are  clearly  shown. 
This  plane  is  about  560  ft.  long,  with  a  lift  of 
56  ft.,  or  1  in  10,  which  is  the  average  inclina- 
tion of  all  the  planes  on  the  system.     The  ma- 
chinery used  for  hauling  the  car  is  of  the  sim- 
plest description,  and  is  interesting  for  that  very 
reason.     Water   is   used  as   the  prime  mover 
throughout  on  every  plane,  and  the  wheels  are 
geared  directly  to  the  drum.     In  this  the  ma- 
chinery at  the  inclines  of  the  Biwa  Canal,  in 
Japan,  differs  from  its  American  model,  in  that 
an   electric   motor   is   interposed   between   the 
wheel  and  the  winding  drum.     The  wheel,  an 
engraving  of  which  is  given  in  plan  on  page 
557,  and  in  the  section  of  the  power-house  on 
page  556,  is  of  the  simplest   type  of   reaction 
wheels.     Originally  the  wings  were   cast  solid 
with  the  main  body  of   the  wheel,   but  as  a 
slight  breakage  would  cripple  and  destroy  the 
whole   wheel,    the    design    shown    in    our    engravings    was 
adopted  and  is  still  used.    The  whole  is  of  cast  iron,  and  the 
nozzles  are  arranged  with  adjusting  plates  to  fix  the  outflow 
and  power  in  accordance  with  the  head  of  water  that  is  avail- 
able.    It  is  unnecessary  to  recapitulate  the  dimensions  of  the 
wheel  as  they  are  given  on  the  plan,  except  the  heights.     The 
opening  is  1|  in.  horizontally  and  16  in.  vertically.     The  total 
height  of  the  wheel  over  flanges  is  224  in.     Water  enters  from 
below,  and  while  work  is  being  done  it  takes  the  weight  off 
from  the  step  that  carries  it  through  an  auxiliary  shaft  resting 
on  a  step  in  the  trunk,  and  in  contact  with  a  brass  block  2  in. 
thick  beneath  the  main  shaft.     The  wheels  are  undoubtedly 
very  wasteful  of  water  in  comparison  with  the  amount  of 
power  that  they  develop,  which,  by  the  way,  has  never  been 
measured  ;   but  as  a  certain  amount  of  water  is  required  to 
supply  waste  and  the  locks  on  the  lower  levels,  it  is  as  well 
to  let  it  run  through  the  wheel  as  idly  through  a  flume,  so 
that  under  the  circumstances  there  is  no  occasion  to  econo- 
mize. 

The  engraving  on  page  557  gives  a  clear  idea  of  the  arrange- 
ment of  the  machinery  in  the  Bloomfield  plane  house.  The 
drawing  was  made  especially  for  this  engraving  from  measure- 
ments taken  on  the  spot,  and  is  accurate  except  that  the  dis- 
tance from  the  top  of  the  water-wheel  to  the  horizontal  bevel 
gear  should  be  about  8  ft.  more  than  is  here  represented, 
which  is  put  at  10  ft.  11  in.,  the  shortening  having  been  done 
to  meet  the  exigencies  of  the  space  allowable  for  the  engrav- 
ing.    This  distance,  however,  varies  with  each  plane.     The 


shaft  rising  from  the  wheel  is  9±  in.  in  diameter,  and  is  keyed 
at  the  upper  end  to  a  bevel  gear  of  3  ft.  outside  diameter 
meshing  in  with  two  others,  each  3  ft.  10  in.  in  diameter,  the 
common  pitch  of  the  teeth  being  2i  in.  These  two  vertical 
gears  run  loosely  on  the  main  horizontal  shaft,  being  held  in 
position  by  the  bearing  and  collars,  and  furnished  with  an 
open  clutch  on  the  faces  of  the  hubs  opposite  each  other.  Be- 
tween the  two  a  heavy  clutch-head  slides  over  a  feather  in  the 
shaft,  engaging  one  or  the  other  of  the  vertical  gears  accord- 
ing as  it  is  desired  to  turn  the  drum  in  one  direction  or  the 
other.  The  clutch  jaws  are  four  in  number,  each  2f  in.  deep, 
and  wilh  a  face  so  that  i  in.  clearance  is  given  between  the 
back  edge  and  that  on  the  clutch  of  the  gear.  This  clutch  is 
shifted  to  and  fro  by  the  combination  of  levers  shown  in  the 
engraving,  the  upper  end  of  which  projects  above  the  plat- 
form in  the  upper  story  of  the  plane-house. 

The  shaft  upon  which  these  level  gears  run  is  of  wrought 
iron  8  in.  in  diameter,  and  turns  in  boxes  124  in.  long.  On 
one  end  close  to  the  wall  of  the  building  it  carries  a  brake- 
wheel  8  ft.  in  diameter,  with  a  face  of  5  in.  between  flanges, 


PLAN  OF  WATER-WHEEL  USED  AT  TEE  INCLINED  PLANES  ON  THE 
MORRIS  CANAL. 

1  in.  deep  and  $  in.  thick.  At  the  other  end  of  the  shaft 
there  is  a  heavy  pinion  about  30  in.  in  diameter,  with  23  teeth 
of  4  in.  pitch  and  a  face  of  15  in.  The  brake-band  that  clasps 
the  wheel  is  of  fin.  iron,  and  is  operated  by  the  hand-wheel 
shown  on  the  upper  floor,  which  turns  the  worm  meshing  in 
with  a  worm  gear  that  rotates  the  tightening  shaft  of  the 
brake-band.  This  brake  is  used  for  checking  the  speed  of 
the  car  on  its  way  down  the  incline,  and  for  stopping  it  when 
it  has  reached  the  proper  point  beneath  the  surface  of  the 
water. 

The  pinion  at  the  other  end  of  the  shaft  meshes  into  the  in- 
ternal teeth  on  the  winding  drum,  which  is  11  ft.  8  in.  in 
diameter,  with  a  working  face  of  6  ft.  11  in.,  in  which  there 
are  31  grooves,  each  14  in.  deep,  and  carrying  the  rope  that 
is  24;  in.  in  diameter  and  of  steel.  This  drum  is  mounted  on 
a  cast-iron  shaft  11  in.  in  diameter,  swung  in  heavy  bearings 
12Jr  in.  long. 

For  use  in  foggy  weather  there  is  a  light  level  gear  on  the 
main  shaft  meshing  in  with  a  pinion  on  a  small  vertical  shaft 
that  operates  an  indicator,  showing  the  location  of  the  car  at 
all  times.  The  marks  on  the  face  of  this  indicator  show  the 
car  in  position  beneath  the  water  on  the  upper  level,  on  the 
brow  at  the  summit,  and  below  water  on  the  lower  level. 
This,  with  the  winding  apparatus  for  raising  and  lowering  the 
gate  in  the  operating  room,  is  all  of  the  machinery  in  use. 
From  the  windows  of  the  room  a  clear  view  up  and  down  for 
the  whole  length  of  the  plane  is  obtained. 

The  track  upon  which  the  car  runs  has  a  gauge  of  12  ft.  S  in. , 
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and  is  composed  of  two  T-rails  3  in.  high,  with  a  head  of  the  same 
width  and  a  flange  of  4  in.,  the  web  being  1  in.  thick.  These 
rails  are  laid  on  stringers  of  8  in.  x  9  in.  timber  set  on  stone 
foundations.  The  hauling  rope  runs  up  and  down  in  the  center 
of  the  track,  and  is  supported  by  carrying  pulleys  in  the  ordinary 


way.  Where  it  runs  under  water  it  passes  over  horizontal  sub- 
merged pulleys  for  the  necessary  change  in  direction. 

The  rope,  after  leaving  the  drum,  runs  out  of  the  house  in 
both  directions  over  the  carrying  pulleys,  beneath  the  surface 
of  the  water,  and  to  the  car,  where  one  end  is  rigidly  and 
securely  fastened  to  one  of  the  cross  timbers,  while  the  other 
is  attached  to  a  drum  that  can  be  turned  to  take  up  any  stretch 
that  may  occur. 

The  car,  like  the  boats,  is  made  in  two  sections,  each  32  ft. 
long  over  the  main  longitudinal  sills.  Each  section  is  carried 
by  four  two-wheeled  trucks,  giving  eight  wheels  to  each. 
The  wheels  have  flanges  on  both  sides  of  the  rail,  and  are  2  ft. 
5  in.  in  diameter.  The  truck  framing  is  of  cast  iron.  The  main 
longitudinal  sills  are  12  in.  deep,  and  on  them  a  side  framing 
of  the  form  shown  in  the  car  engraving  is  built.  This  fram- 
ing is  9  ft.  6  in.  high,  and  is  strongly  braced  to  withstand  side 
shocks  ;  the  detailed  arrangement  being  clearly  shown  in  the 
accompanying  engraving,  which  shows,  however,  only  one 
section,  the  other  being  coupled  to  it  by  the  heavy  bars  at  the 
right-hand  end.  The  wheels  of  the  car  are  also  controlled  by 
brake-straps  passing  over  them  and  operated  by  the  long  lever. 
But  in  actual  practice  no  use  is  made  of  them,  as  the  speed  is 
perfectly  regulated  at  the  plane-house. 

Two  men  serve  to  operate  the  plane  :  one  in  the  house  and 
the  other  on  the  car.  When  a  boat  appears  the  car  is  run 
down  into  the  receiving  basin,  and  the  boat  floated  over  it 
between  th;  frames.  When  in  position  lines  are  made  fast  to 
the  cleats  on  the  top  of  the  side  frames,  a  signal  given  by 
hand  or  by  a  horn  at  night  and  in  foggy  weather,  to  the  man 
in  the  house  who  starts  the  machinery.  The  car  tows  the 
boat  out,  and  rising  up  the  incline,  catches  it  and  carries  it  to 
the  other  level,  an  operation  requiring  about  five  minutes  of 
time.  Some  of  the  planes  are  double  tracked,  so  that  a  boat 
can  be  transferred  in  both  directions  at  once,  but  for  the  most 
part  they  have  only  a  single  track,  like  this  one  at  Bloomfield, 
which  may  be  considered  as  a  typical  example  of  what  is 

done. 

* 

DISTRIBUTION  OF  ELECTRICAL  ENERGY  IN 
THE  MILLS  OF  MESSRS.  J.  FORREST  &  CO., 
AT  SAINT-ETIENNE. 


We  have  from  time  to  time  called  the  attention  of  our 
readers  to  the  rapid  progress  which  has  been  made  in  the  de- 
velopment of  electrical  power  for  driving  factories  and  shops, 
where  a  motor  is  used  for  each  individual  machine,  and  shaft- 
ing, with  its  accompaniment  of  pulleys  and  belting,  is  entirely 
dispensed  with.  The  examples  which  have  been  mentioned 
in  our  columns  have  been  the  new  shop  of  the  Northern  Rail- 
way of  France  and  the  Columbia  Mills  of  South  Carolina. 
Through  the  courtesy  of  L' £kctricien  we  are  enabled  to  pre- 
sent illustrations  and  a  description  of  the  method  of  distribu- 
tion of  electrical  energy  in  the  ribbon  manufactory  of  Messrs. 
J.  Forrest  &  Co.,  at  Saint-Etienne,  in  France. 

Applications  of  electricity  are  rapidly  propagated  in  the 
industrial  region  of  Saint-Etienne,  which  presents,  as  is  well 
known,  very  varied  aspects.  In  fact,  side  by  side  with  the 
large  establishments  devoted  to  metallurgical  operations  and 
to  the  workings  of  iron  and  steel,  are  mills  of  an  entirely  dif- 
ferent kind,  where  silks  and  fine  ribbons  are  manufactured. 
Messrs.  Forrest  &  Co.  own  one  of  these  factories,  which  is 
remarkable  for  the  general  arrangement  and  for  the  applica- 
tion which  has  been  made  of  electricity  therein.  Our  inclina- 
tion would  be  to  enter  into  the  description  of  this  with  great 
fulness,  urged  on  by  the  interest  in  the  subject,  but  unfortu- 
nately our  limited  space  will  not  permit. 

The  factory  employs  500  people.  The  principal  building 
faces  the  Rue  Buisson,  and  has  an  underground  floor  on  the 
level  with  the  textile  shops  and  the  Rue  St.  Michael,  a  ground 
floor  and  three  stories  above.  It  is  connected  by  two  wings 
to  a  central  building  raised  one  story.  The  shop  has  a  length 
of  154  ft.,  and  the  breadth  115  ft.  "its  roof  is  of  the  serrated 
type.  It  contains  100  looms  for  special  articles,  quadruple 
and  sextuple  plushes  and  ribbons,  all  of  which  are  driven  by 
electric  motors.  Xext  to  the  weaving-room,  and  separated 
simply  by  a  glass  partition,  there  is  the  spinning-room,  also 
driven  by  electricity.  The  west  wing  is  devoted  to  taffetas 
and  lusters  ;  this  wing  serves  also  for  a  storehouse  for  6ilks 
and  for  sorting  and  dyeing. 

There  is  also  a  finely  appointed  printing-office,  where  stamps 
and  rolls  intended  for"  the  ribbons  are  prepared.  In  the  cen- 
tral building  there  Is  a  mechanical  warping  mill,  with  hori- 
zontal warpers  for  plushes  and  heavy  stuffs,  covering  a  super- 
ficial area  of  3,530  sq.  ft.  The  four  floors  of  the  main  build- 
ing are  successively  occupied,  starting  from  the  first  with  the 
weaving  of  ribbons,  velvets,  manufacture  of  boxes,  and  the 
warping  of  ribbons  ;  the  winding  of  raw  silk  is  also  driven  by 
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electricity.  Then  there  is  the  storehouse  for  the  cards  of  the 
Jacquard  looms  and  the  duplicate  parts  for  the  looms.  When 
the  building  was  completed,  in  1891,  the  question  of  the  me- 
chanical installation  of  the  machinery  was  given  the  most 
careful  attention  by  the  proprietors.  Different  projects  were 
discussed.  For  some  years  the  progressive  development  of 
the  industrial  applications  of  the  electrical  processes  had  been 
rapidly  advancing  ;  the  perplexity  was  therefore  less  than  it 
would  have  been  earlier,  and  the  advantage  of  the  method  of 
transmitting  power  to  individual  motors  was  a  matter  to  cause 
considerable  hesitation.  The  system  which  had  been  adopted 
up  to  that  time  consisted  of  running  the  line  shaft  along  the 
looms,  from  which  a  greater  or  less  number  of  transmis- 
sions are  taken.  This  shafting  is  driven  direct  by  steam- 
engines,  communicating  motion  to  it  by  the  means  of  pulleys 
and  belts,  while  the  shafts  in  turn  drove  the  machines  by 
belts  and  pulleys. 

Factories  set  up  in  this  way  offered  a  view  of  shafting  and 
pulleys  and  belting  mingled  in  inextricable  confusion  over- 
head. Every  installation  of  shafting  can  be  divided  into  two 
very  distinct  parts  : 


Fig.  i. 

1.  Transmission'shafts  thatjrun  directly^to  the  machinery. 

2.  Group  of  intermediate  shafts,  which^are'placed  between 
the  motors  and  the  transmissions,  properly^  so  called,  and 
which  only  serve  to  subdivide  the  work  of  the  motor,  modify- 
ing its  speed  and  limiting  the  amount  given  to  the  pulleys, 
etc.  This  last  group  varies  with  the  system  of  transmissions 
proposed.  The  first,  on  the  other  hand,  is  constant  ;  what- 
ever may  be  the  system,  it  is  the  driving  element.  The  use 
of  systems  of  mechanical  transmissions  involve  so  many  seri- 
ous inconveniences,  among  which  we  may  name  the  inter- 
dependence of  all  of  the  shafting  of  the  shop,  which  does  not 
allow  one  shaft  to  be  stopped  without  stopping  all  the  rest, 
that  it  is  necessary  to  use  expensive  pieces  of  mechanism, 
whose  action  is  not  always  certain.  The  solution  of  the  prob- 
lem becomes  still  more  complicated  if  the  industry  to  which  it 
belongs  is  liable  to  numerous  stoppages.  Furthermore,  the 
motor  is  compelled  to  drive  a  certain  amount  of  dead  weight, 
whereby  it  is  necessary  to  overcome  the  inertia  of  the  moving 
parts  and  friction  resulting  from  any  lack  of  lubrication.     If 


only  a  small  portion  of  the  factory  is  in  use.  the  utilization  of 
the  driving  power  is  very  bad.  Another  disadvantage  lies  in 
the  difficulty,  and  sometimes  in  the  impossibility  of  extending 
the  plant.  If  we  determine  the  effective  output  a  system  of 
transmitting  relatively  to  the  useful  work  which  is  performed 
and  the  work  which  is  put  into  it,  the  difference  between  these 
two  quantities  is  considered  the  loss — a  loss  which  is  inherent 
in  every  system  of  transmission.  When  power  is  transmitted 
by  shafting,  pulleys,  gearing,  belts,  or  ropes,  the  losses  result 
from  the  friction  of  the  shafting  in  their  bearings,  friction  of 
the  teeth  of  the  gear-wheels,  slipping  of  the  belts,  etc.  It  is 
generally  admitted  that  these  losses  are  almost  the  same  what- 
ever may  be  the  amount  of  work  transmitted,  whether  the 
shafting  be  driven  empty  or  up  to  the  full  value  of  its  possi- 
bilities. 

In  electrical  transmission  the  losses  are  in  two  categories  : 
one  fixed,  the  other  variable  with  the  load.  Fixed  losses  are, 
directly  speaking,  always  constant,  and  are  due  to  the  exciting 
current  and  to  the  Foucault  currents,  to  which  it  is  well  to 
add  the  friction  of  the  shafting  ;  the  losses  variable  with  the 
load  are  due  to  the"  resistance  of  the  armature  wiring.  Ac- 
cording to  Joule's  law, 
it  is  proportional  to  the 
resistance  of  these  con- 
ductors and  to  the 
squares  of  the  intensity 
of  the  current.  The  sum 
of  these  losses  includes 
the  energy  absorbed  in 
the  machine,  but  all 
which  it  absorbs  above 
this  is  integrally  trans- 
formed. But  when  we 
consider  the  loss  in  the 
line  of  conductors  which 
connect  the  dynamo  with 
the  motor,  we  are  in 
possession  of  all  the  ele- 
ments for  calculating  the 
efficiency  for  all  trans- 
missions under  different 
loads.  If  we  make  this 
calculation  of  efficiency 
for  a  given  system  of 
transmission,  first  by 
mechanical  processes 
and  then  by  electrical, 
we  will  obtain  very  dif- 
ferent results  as  the  load 
diminishes.  With  one- 
fifth  of  the  power  de- 
veloped, the  electrical 
transmission  has  an  effi- 
ciency of  more  than  40 
per  cent.,  while  the  effi- 
ciency of  the  other  falls 
to  nothing. 

The  question  of  the 
efficiency  of  loads  less 
than  the  normal  is  a  very 
important  one,  for  ex- 
perience teaches  that  a 
shop  is  rarely  working 
under  a  full  "load— that 
is  to  say,  it  very  rarely 
happens  that  all"  of  the 
machines  are  working 
together,  there  are  al- 
ways a*"great^,"number"'of  stoppages,  either  for  the  work- 
man to  adjust  his  material,  set  up  his  machine,  or  for  some 
other  reason.  In  times  of  less  activity,  the  number  of  idle 
machines  increases  still  more.  The  power  which  is  utilized 
grows  gradually  less  in  comparison  to  the  great  amount  of 
energy  absorbed  by  the  system  of  transmission,  and  the  con- 
sumption of  coal  is  entirely  out  of  proportion  to  the  amount 
of  useful  work  done.  As  a  general  thing,  accurate  ideas  rela- 
tive to  the  average  amount  of  work  absorbed  in  a  shop  are  not 
very  extensive.  It  is  not  infrequently  the  case  that  owners 
are  in  absolute  ignorance  in  this  regard.  From  a  series  of 
tests  which  have  been  undertaken,  the  details  of  which  it  is 
impossible  for  us  to  recapitulate  here,  we  may  say  that  the 
results  given,  time  and  again,  show  that  the  power  required 
to  drive  the  shafting  of  an  idle  shop  is  greater  than  that  which 
is  absorbed  in  work  during  average  running.  When  we  con- 
sider the  small  amount  of  motive  power  used  in  useful  work 
at  the  machine,  it  is  evident  that  time  would  be  well  spent  in 
searching  for  some  improvement  in  the  method  of  transmis- 
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sion.  In  the  particular  case  which  we  have  in  hand,  besides 
the  question  of  efficiency  the  following  advantages,  which 
are  due  to  the  electrical  system  of  transmission  of  energy, 
occupy  a  prominent  place  : 

1.  Facility  in  arranging  the  machinery  in  the  most  conven- 
ient positions,  and  relatively  to  light  and  space.  Absolute 
independence  of  each  machine  or  room,  and  the  possibility  of 
regulating  the  speed  at  will. 

2.  Convenience  in  the 
fitting  of  the  motors, 
by  attaching  them  di- 
rectly to  the  driving- 
shaft  ;  inspection,  start 
ing,  stopping,  reduced 
to  the  narrowest  limits. 

3.  Almost  complete 
suppression  of  shafting 
and  belts  that  are  so 
cumbersome  and  ex- 
pensive, besides  serv- 
ing as  a  constant  men- 
ace to  the  safety  of  the 
operatives.  The  elim- 
ination of  dust,  and  the 
blowing  of  it  about  in 
the  air,  due  to  the  con- 
stant movements  of  the 
belts. 

4.  Another  capital 
consideration  in  the 
mining  regions  of 
Saint-Etienne  is  that 
such  movements  of  the 
earth  are  caused  as 
throw  shafting  out  of 
line,  and  result  in  a  con- 
siderable increase  of 
power  consumed.  If 
the  relative  position  of 
all  parts  of  a  shop  were 
rigidly  fixed,  this  dis- 
advantage would  be 
done  away  with. 

5.  Finally,  electric 
light  having  been  de- 
cided upon,  they  con- 
sidered the  advisability 
of  using  the  light  dy- 
namos for  driving  the 
motors,  tbe  expense  of 
whose  installation 
would  not  be  very  much 
in  excess  of  what  a  sys- 
tem of  shafting  would 
amount  to  when   used 

.  for  operating  shops  at 
some  distance  from  the 
source  of  power. 

Messrs.  Forrest  it 
Co.,  after  having  care- 
fully investigated  all 
the  advantages  which 
the  adoption  of  elec- 
tricity seemed  to  show, 
decided  to  install  such 
a  system. 

The  electrical  installation  includes  two  tubular  boilers  which 
furnish  steam,  not  only  to  the  engine,  but  also  to  the  general 
system  of  heating  the  shops,  offices  and  storehouses.  The 
steam-engine  is  a  single-cylinder,  horizontal,  condensing  en- 
gine with  a  variable  cut-off,  controlled  by  the  governor,  and 
developing  about  120  II. P.  The  steam  valve  is  driven  by  an 
eccentric  rod,  and  the  point  of  the  attachment  of  the  rod  to 
the  cutoff  valve  is  movable  on  a  hook,  and  can  be  set  by 
hand  or  by  the  action  of  the  governor.  This  engine  drives 
the  dynamos  directly  by  means  of  a  belt  ;  these  latter  are 
located  symmetrically,  relative  to  the  driving  pulley.  The 
two  dynamos  used  are  of  tbe  Sautter-Harle  type,  having  a 
capacity  of  42,000  watts  at  70  volts,  while  making  600  revolu- 
tions per  minute.  A  single  pulley  set  between  double  bear- 
ings drives  them  by  means  of  a  Raffard  clutch.  These  two 
dynamos  are  wired,  so  that  they  may  be  used  either  for  motive 
power  or  for  lighting.  Either  one  can  be  cut  out  by  means 
of  clutches.  A  large  switchboard,  about  13  ft.  square,  con- 
tains the  usual  supply  of  electrical  measuring  instruments  and 
switches.  Four  sets  of  insulated  cables  run  out  from  tbe 
dynamos,  having  a  section  of  I  sq._  in.     They  pass  under- 


ground into  insulated  passages,  and  come  out  on  each  side  of 
the  switchboard,  and  are  connected  with  four  large  special 
bars,  with  tbe  interposition  of  a  bipolar  cut  out,  and  from 
that  point  the  two  negative  cables  are  connected  together  and 
are  divided  into  six  cables  of  proper  size  to  serve  as  return 
conductors  for  different  services  of  power  and  light,  being 
run  along  the  left  side  of  the  shop.  The  positive  conductors 
at,  each  dynamo  unite  in  two  circular  concentric  blocks  of 


bronze";  14  small' intermediate  blocks  are  put  in"conncction 
with  them  by  means  of  binding  screws,  with  a  positive  side  of 
one  or  the  other  of  the  dynamos.  The  blocks  are  the  start- 
ing-points for  14  lines  of  independenticircuits  which  traverse 
the  switchboard.  All  of  these  lines  run  along  the  right  side 
of  the  shop.  Such  an  arrangement  does  away  entirely  with 
all  risks  of  short  circuits  between  cables,  which  for  the  greater 
portion  of  their  course  are  of  naked  copper  attached  to  por- 
celain insulators,  which  facilitate  the  attachment  of  the  cir- 
cuits. The  branches  are  made  at  right  angles.  All  the  rami- 
fications are  made  by  means  of  carefully  insulated  conductors. 
Two  voltmeters  and  amperemeters  are  in  constant  service  on 
the  switchboard.  The  regulation  is  controlled  by  the  two 
rheostats  mounted  on  marble,  as  are  all  the  commutators,  in- 
terrupters, and  cut-outs. 

A  battery  of  36  elements  of  Tudor  accumulators,  with  a 
capacity  of  200  ampere  hours. 'feeds'the  lamps  in  the  office  and 
storehouse,  when  the  engines  arc  stopped  ;  50  arc  lamps  of 
6  amperes  each  light  the  storehouse,  the  vestibule,  the  work- 
rooms, and  the  machine  shops  ;  about  350  incandescent  lamps 
are  used  for  lighting  the  offices  and  shop,  where  each  machine 
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is  provided  with  two  lamps.  After  repeated  experiments,  elec- 
tric motors  of  the  Olivet-Dessauls  system  were  adopted.  The 
management  have  shown  that  they  have  an  efficiency  of  not 
less  than  55  per  cent,  for  the  25  kilogrammeter  (180  foot- 
pounds) machines.  The  speeds  do  not  vary  more  than  10  per 
cent.,  which  is  a  comparatively  insignificant  matter.  Forty 
75  kilogrammeter  motors  located  in  the  weaving-room  drive 
the  looms  by  means  of  pulleys,  as  shown  in  fig.  1.  The  loose 
pulley,  which  permits  the  motor  to  continue  running  when 
the  looms  stop,  consumes  only  one-fourth  of  the  current  which 
is  absorbed  by  the  full  load.  In  a  word,  they  require  an  out- 
put of  from  5  to  10  amperes  while  running  at  a  normal  speed 
of  from  800  to  900  revolutions  per  minute  ;  when  running 
blank  they  make  1.000  turns,  consuming  2£  amperes,  the  cur- 
rent being  only  cut  out  for  long  stoppages.  Sixty  motors  of 
the  25  kilogrammeter  type  are  placed  at  the  foot  of  the  ribbon 
and  velvet  looms,  as  shown  in  fig.  2,  and  drive  them  by  means 
of  leather  cords  running  on  a  double  intermediate  pulley  fixed 
on  one  side  above  the  motor  ;  thence  the  power  is  directly 
transmitted  to  the  loom  itself.      These  motors  consume,  ac- 


atmosphere,  is  a  matter  of  the  utmost  importance  to  the  manu- 
facturers of  fine  dress  goods.  ; 


STAY-BOLT  CUTTER  IN  THE  PHILADELPHIA  & 
READING   RAILROAD   SHOPS. 


We  have  from  time  to  time  illustrated  and  described  a  num- 
ber of  tools  that  are  in  use  in  the  shops  of  the  Philadelphia  & 
Reading  Railroad,  at  Reading,  Pa.  Among  the  tools  that 
have  been  designed  and  built  upon  the  premises  is  the  stay- 
bolt  cutter  that  is  illustrated  by  the  accompanying  engravings. 
The  stay-bolts  that  are  used  in  the  boilers  of  this  road  have  a 
hexagon  head  on  the  under  side  of  the  crown-sheet,  are 
screwed  through  the  sheets  from  the  inside,  and  are  kept  tight 
by  a  copper  washer  under  the  head  on  the  inside  and  by  rivet- 
ing over  the  projection  of  the  bolt  on  the  outside  where  it 
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cording  to  the  load,  from  2A  to  5  amperes,  and  their  speed 
varies  from  1,400  to  1,500  revolutions  per  minute. 

Five  motors,  with  a  H.P.  of  from  1  to  3,  control  by 
means  of  light  methods  of  transmission,  the  weaving-rooms, 
mechanical  warping,  cutting  and  glossing,  the  silk  throwing 
and  the  spindles.  Two  very  small  motors  of  from  10  to  25 
kilogrammeter  capacity  operate  the  printing-presses  and  cut 
off  the  lengths  rolled  upon  the  spools. 

This  is  perhaps  the  most  extensive  application  of  individual 
driving  of  weaving  machines  for  high-class  fabrics  that  there 
is  in  the  world,  and  it  marks  an  interesting  advance  in  the 
application  of  electricity  as  a  motive  power  from  a  purely 
mechanical  standpoint.  The  facts  which  the  author  has 
brought  out,  and  saving  in  power  when  only  a  small  portion 
of  the  machinery  is  in  active  operation,  deserves  the  careful 
attention  of  all  proprietors  who  contemplate  erection  of  new 
shops,  whether  it  is  for  metal  working  or  for  the  manufacture 
of  cloth.  Freedom  from  dust  due  to  the  absence  of  pulleys 
and  belting,  which  act  like  fans  upon  the  whole  surrounding 


comes  through  the  sheet.  It  is,  therefore,  necessary  that  the 
thread  on  the  bolt  should  be  cut  clear  up  to  the  under  side  of 
the  head,  and  that  the  latter  should  be  faced  off  for  a  smooth 
and  even  bearing  on  the  head.  Then,  to  avoid  the  loss  of  time 
and  the  wearing  of  the  threads  incident  to  the  screwing  of  a 
long  bolt  through  the  sheet,  the  thread  is  cut  away  between 
the  working  points,  as  shown  on  the  bolt  that  is  in  position 
on  the  machine.  The  thread  is  cut  for  the  whole  length  of 
the  bolt,  and  the  die  is  followed  by  a  tool  that  removes  the 
thread. 

In  general  appearance  this  machine  resembles  a  light  lathe 
rather  than  the  usual  type  of  bolt  cutter.  The  thread  on  the 
bolt  is  cut  by  open  dies  on  the  carriage,  and  in  order  to  take 
the  strain  off  from  the  thread  and  dies  while  the  work  is  being 
done,  the  carriage  is  fed  by  a  lead  screw  driven  by  the  gear- 
ing shown  at  the  end  of  the  headstock.  The  tool  for  removing 
the  threads  is  back  of  the  dies,  and  is  fed  in  against  a  stop,  so 
that  it  just  faces  off  down  to  the  bottom  of  the  threads.  At- 
tached to  the  headstock  is  a  carriage  with  a  cross-feed  that 
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feeds  the  tool  out  for  facing  the  bottom  of  the  head.  This 
carriage  is  pivoted  on  a  stud  just  outside  of  the  spindle  bear- 
ing, so  that  it  may  be  swung  out  of  the  way  until  it  is  wanted 
to  do  its  work.  At  the  back  of  the  frame  a  chaser  is  hung, 
and  this  is  used  to  finish  the  thread  close  up  to  the  head.  In 
order  that  it  may  work  with  perfect  ease  and  not  endanger 
the  integrity  of  the  threads,  the  connection  between  it  and  the 
supporting  bar  is  so  loose  that  the  latter  becomes  a  mere  sup- 
port and  entirely  loses  its  character  as  a  guide,  as  we  find  it  in 
the  usual  practice.  The  play  between  the  bar  and  the  chaser 
is  i  in.,  or  even  more  ;  it  matters  little  what  it  is,  so  that  it  is 
enough,  and  the  two  cannot  separate. 

The  machine  is  back-geared,  and  this,  together  with  the  four- 
step  driving  cone,  gives  a  variation  of  speeds  sufficient  to  cover 
the  wide  range  of  work  which  it  is  called  upon  to  perform. 
Two  of  these  machines  are  in  constant  service  in  the  shops, 
and  are  giving  excellent  satisfaction  in  the  rapid  and  accurate 
work  done  upon  them. 


THE  LOCOMOTIVES  OF  THE  NEW  YORK,  LAKE 
ERIE  &  WESTERN  RAILROAD. 


The  outline  diagrams  which  we  publish  in  this  connection 
represent  the  several  classes  of  locomotives  that  are  used  for 
the  various  services  on  the  New  York,  Lake  Erie  &  Western 
system,  including  the  Chicago  &  Erie  and  the  New  York, 
Pennsylvania  &  Ohio  Railroads. 

CLASS  A. 

Designed  for  local  passenger  service  of  short  trains. 
!  Dimensions  of  51  to  70. 

Diameter  of  cylinders 18  in. 

Stroke  of  piston 23  in. 

Diameter  of  drivers . 5  ft.  8  in. 

No.  of  flues 168 

Length  of  flues lift.  6  in. 

Outside  diameter  of  fines 2  in. 

Heating  sarface,  flues 1,00.3  sq.  ft. 

"  "         fire-box 106  sq.  ft. 

Total  heating  surface 1,100  ft. 

Inside  length  of  fire-box 6  ft.  vj  in. 

"       width    "       "      3  ft.  9]  in. 

Capacity  of  tender,  water 3,600  galls. 

"       "       "        coal 8.9  tons. 

Weight  of  tendei,  empty 32,800  lbs. 

"  engine,  loaded 80,200  lbs. 

Dimensions  of  80,  etc. 

Diameter  of  cylinders 18  in. 

Stroke  of  piston 22  in. 

Diameter  of  drivers 5ft.  8in. 

No.  of  flues 157 

Length  of  fines 11  ft.  51 J  in. 

Outside  diameter  of  flues  2  in. 

Heating  surface  flues  938  5  eq.  ft. 

"        fire-box 114.5  sq.  ft. 

Total  heating  surface , 1,053  sq.  ft. 

Inside  length  of  fire-box 9  ft.  5J4  in. 

width"        "        2  ft.  3%  in. 

Capacity  of  tender,  water 3,600  galls. 

•'       "       "        coal 8.9  tons. 

Weight  of  tender,  empty 32,800  lbs. 

'"      "  engine,  loaded 84,7001bs. 


Used  on  local  passenger  and  light  freight. 


Dimensions. 

Diameter  of  cylinders 18  in. 

Stroka  of  piston 23  in. 

Diameter  of  drivers 5  ft.  2  in. 

No.  of  flues 157 

Length  of  fines 11  ft.  6  in. 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues 938.5  sq.  ft. 

"  "        fire-box 114.5sq.ft. 

Total  heating  surface 1,053  sq.  ft. 

Inside  length  of  fire-box 9  ft.  6X  in. 

width"        "        2ft.  9M  in. 

Capacity  of  tender,  water .3, 600  galls. 

"       "      "         coal 8.9  tons. 

Weight  of  tender,  empty 32.800  lbs. 

"         "  engine,  loaded ..79,100  lbs. 


For  local  freight  traffic. 


Dimensions. 

Diameter  of  cylinders 18  in. 

Stroke  oT  piston ^4  in. 

Diameter  of  drivers 4  ft.  8  in. 

No.  of  flues 168 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues 1,029  sq.  ft. 

fire-box 120  sq.  ft. 

Total  heating  surface 1,149  sq.  ft. 

Length  of  flues 11  ft.  8K  in. 

Inside  length  of  fire-box 9  ft.  9ft  In. 

width   "        '■        3  ft.  9X  in. 

Capacity  of  tender,  water  3, 600  galls. 

coal 8.9tons. 

Weight  of  tender,  empty) 32,800  lbs. 

Weight  of  engine,  loaded 88,400  lbs. 

CLASS  E. 

Mogul  for  heavy  passenger  trains  carrying  [commuters  and 
for  milk  service. 

Dimensions. 

Diameter  of  cylinders 18  in.] 

Stroke  of  piston 24  in. 

Diameter  of  drivers 5  ft.  8  in.^ 

No.  of  flues.  .   213 

Length  of  flues 11  ft.  8H  in. 

Outside  diameter  of  flues  . .   2  111. 

Heatiug  surface,  flues 1,296.5  sq.  ft. 

lire-box ...   152.5  sq.  ft. 

Total  heating  surface .  1,449  sq.  ft. 

Inside  length  of  lire-box 9  ft.  8Jg  in. 

width"       "        3ft.  9;„in. 

Capacity  of  tender,  water 3,600  galls. 

"       "       coal 8.9  tons. 

Weight  of  tender,  empty 32,800  lbs. 

"  ungine,  loaded 103,300  lbs.] 

CLASS   H. 

General  switching  service,  both  passenger  and  freight. 

Dimensions. 

Diameter  ef  cylinders ..  19  in. 

Stroke  of  piston 24  in. 

Diameter  of  drivers 4  ft.  2  in. 

No.  of  flues 122 

Length  of  flues 14  ft.  9J^  in. 

Outside  of  flues 2^  in. 

Heating  surface,  flues  1,174  sq.  ft. 

Inside  length  of  fire-box 6  ft.  S,^  in. 

width"       "        2  ft.lOH  in. 

Heating  surface,  fire-box 100  sq.  ft.. 

Total  heating  surface 1,214  sq.  ft. 

Capacity  of  tender,  water 2,400  galls. 

"       "       "       coal 3  tons.  t 

Weight  of  tender,  empty  20,000  lbs. 

"  engine,  loaded 98,100  lbs. 

CLASS  I. 

Originally  designed  for  through  freight,  but  is  now  used  on 
heavy  local  freight  and  pick-ups,  while  some  of  the  class  are  in 
switching  service. 

Dimensions. 

Diameter  of  cylinders 20  in. 

Stroke  of  piston 34  in. 

Diameter  of  drivers 4  ft.  2  in. 

No.  of  flues 200 

Length  of  flues 11  ft.  4J£  in. 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues  1,182.5  sq.  ft. 

"         fire-box 140.5  sq.  ft. 

Total  beating  surface 1,323  Bq.  ft. 

Inside  length  of  fire-box 10  ft.  3A  in.5 

"       width"       "        2ft.  9in.   » 

Capacity  of  tender,  water 3,600  galls.  |E. 

"        "       "      coal 8.9  tons. 

Weight  of  tender,  empty 32,800  Ibs.yi 

"       "  engine,  loaded 103,400  lbs. 

CLASS  K. 

Heavy  commuters,  trains,  through  local  expresses,  such  as 
are  run  on  the  Northern  Railroad  of  New  Jersey  ;  also  used 
for  division  work  in  express  service. 

Dimensions. 

Diamsttr  of  cylinders 18in. 

Stroke  of  piston 22  in. 

Diameter  of  drivers 5  ft.  8  in. 

No.  of  flues 225 

Length  of  flues  11  ft.  6  in. 

Outside  diameter  of  flueB 2  in. 

Heating  surface,  flues 1,345  sq.  ft. 

"  fire-box  158  sq.  ft. 

Total  heating  surface 1,503  eq.  ft. 

Inside  length  of  fire-box 11  ft.  6 A  in. 

width    "        "      3ft.  8%  in. 

Capacity  of  tender,  water 3,600  galls. 

"       "       "       coal 8.9  tons. 

Weight  of  tender,  eapty . .  82,800  lbs. 

"         "  engine,  loadsd 103,600  lbs. 
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CLASS    L. 

A  Wootten  consolidation  for  freight  service. 

DatESsioss  696  to  7S2. 

Diameter  of  cylinder -     - 

Stroke  of  piston 84  in. 

Diameter  of  drivers 4  ft.  8  in. 

No.offlues 238 

Length  of  dues 11  ft.  10X  in. 

Oatside  diameter  of  does 2  in. 

Heating  surface,  flues 1.564  sq.  ft. 

fire-box 174  sq.  ft 

Total  hear;  r,_'  ■  I,758sq-ft 

Inside  length  of  firebox 9  ft.  6j*j  in. 

'•       width  of  fire-bo:: 8  ft. 

Capacity  of  tender,  water 3,600  ga   • 

"      coal 8.9  ton?. 

Weightof  ■    empty -- 

••      '■  engine,  loaded OBM 

DUCErNSIONS   723   T 

Diimeter  of  cylinder 20  in. 

Stroke  of  piston 24  m. 

Diameter  of  drivers 4  ft.  Sin. 

No.  of  floes 4:6 

Lengthof  fines  11  '.:.  S-j  "• 

Outside  diameter  of  flues 2  in. 

Heating  snrface,  flues 1.206.5  sq.  ft. 

fire-box 

Total  heating  enrface  (including  combustion  chamber* 1  -. 

Inaide  length  of  nre-box 9  ft.  6  m. 

"     width    "       -        - 

Capacity  of  tender,  water 3.600  galls, 

'       coal S  9  tons. 

W.  =-at  of  tender,  empty 323)0  lbs. 

-  engine,  loaded 131,600  lbs. 

Doccrsioss  690  to  697. 

Diameter  of  cylinder 20  in. 

Stroke  of  piston 9J 

Diameter  of  drivers 4  ft.  2  in. 

No.  of  flues -324 

Length  of  flues 11  ft.  2=»  in. 

Outside  diameter  of  flues 2  m. 

Heating  surface,  flues  1.195  sc  .  fl 

"  M       flre-box 150sq.ft. 

Total  heating  snrface  (including  combustion  chamber  1 1.403.5  sq.  ft. 

Inside  lengthof  flre-box 9  ft.  6 in. 

width  ■•       ■■        S  f:.   : 

Capacity  of  tender,  water 3.600  gj    - 

••       M       coal 

Weight  of  tender,  empty 32.S00  lb«. 

•'  engine,  loaded 127,300  lbs. 

CLASS   if. 

For  heavy  commuters'  trains  and  through  passenger  serrice. 
DcnssHiss. 

Diameter  of  cylinder 19  in. 

Stroke  of  piston     .     24  in. 

Diameter  of  drivers S  ft.  Sin. 

No.offlues 246 

Lengthofflues lift. 

Outside  diameter'of  flues .  2  in. 

Heating  snrface,  flues L«T0.5  sq.ft. 

"         fire-box 160.5  sq.  ft. 

Total  heating  surface 1,631  sq.  ft 

Inaide  length  of  fire-box 11  ft.  e^tn. 

width    '*       "      3  ft.  5*J  in. 

Capacity  of  tender,  water 3.n'00  galls. 

M       '*        "       coal S.9tons. 

Weight  of  tender,  empty 38,500  lbs. 

"      "  engine,  loaded 117,400Ibs. 

CLASS   N. 

Through  passenger  tralflc. 

DntEssioss. 

Diameter  of  cylinder 20  in. 

Stroke  of  piston 24:- 

Diameter  of  drivers ", '::    i   1 

No.  of  dues 336 

Lengthofflues 9  ft  5  \  in. 

Outside  diameter  of  flues 1^  in. 

Heating  surface,  fluea 1.241  sq.'ft. 

fire-box Is",  sq.  ft 

Total  heating  surface  (including  combustion  chamber) 1.456.5  aq.  ft 

Inside  length  of  fire-box 9  ft.  6  in. 

width"        '■        ...   5  ft.  S  in. 

Capacity  of  tender,  water 3,600  gafla. 

"        "       "       coal 8.9  tons. 

Weight  of  tender,  empty  32.300  lbs. 

••      "  engine,  loaded 115,700  lbs. 

CLASS  O. 

Through  freight  and  passenger  on  light  and  level  divisions. 

DntESstoss  319  TO  359. 

Diameter'of  cylinders SO  in. 

Stroke  of  piston S4in. 

Diameter  of  drivers 5  ft.  8  in. 

No.offlues S73 

Lsngthofflues 13ft,  Sin. 


Heating  surface,  flues  1,S95l9  sq.  ft. 

•'       firs-box 171  sq.ft. 

Total  heating  surface 2.066.9  sq.  ft 

Inside  length  of  fire-box 11  ft  ^  to. 

width  '■        "       3  ft.  7  in. 

Capacitv  of  tender,  water ^...  3.6O0gaDa. 

■■  coal 8.9to»s. 

■;ier,  empty 31SMISS. 

engine,  loaded 127.6090*5. 

jyvtssstass  360  to  370. 

Diameter  of  cylinder 2D  in. 

5-:ir     ':•  24m. 

Diameter  of  drivers 68in. 

No.of  fl^es 263 

Leagtn        ';^a 13ft  2in. 

.  ■  -  :  -  :  -  -  =   ■    ■  : '  " :  *-  —  2  in. 

Hesdng  sarface,  flues 1 ,313  so 

Ire-box 17Tsq.it. 

7     1   heading  surface L9S0sq.fi. 

Inside  length,  of  fire-box SftSin. 

w-dth  •• 494jh». 

Capacity  of  tender,  water 3,600  gall*. 

■*       coed ...  8.9  tuns. 

•  ,.-  :'  :•-:-.-   ;_.v.  -  .  <•      i 

■  engine,  loaded 132,960  lbs. 

class  o  i'cojfP>: 
Same  service  as  the  simple  engines. 

Dmssios; 

Diameter  of  cylinder 14  sad  91  ime 

-  -    i-ofpiston -24in. 

Diameter  of  drivers SSin. 

No.  of  flues 263 

Length  ef  flues 13  ft.  2  in. 

.  - '.:;  :  •.-«  «r    '  i  '--.•  2in.! 

Hearing  surface,  flues 1.313  sq.  ft. 

fire-box 17Teq_ft 

Total  hearing  surface 1.9S0sq.ft. 

Inside  length  of  fire-box 8ft.  8i 

width  '•  

Capacity  of  tender,  water 3.6001 

••       -        -       coal 3.9t 

-:■  i  -1       s 

•' engine,  loaded lXJ5901bs. 

CLASS  Oil  (COJaTOTTV: 

Through  passenger  and  freight  service  on  the  Chicago  & 
Erie  Railroad. 

7  : Hz y i '.    s  * 

Diameter  of  cylinder !,1%^.*'d 

Stroke  of  piston U  ;-. 

Diameter  of  driTers  68  in. 

No.  of  Sues 213 

Lengthofflues 13  ft  t  in." 

C    :i.i-  :  »_r»:    '  i;es :  1- 

Heating  surface,  flues 1.506.6  sq.  ft. 

±.---::x  ...      -  :■■       ■:    - 

Total  heating  surface 1.661.9  sq.  ft 

Inside  length  of  fire  box 9ft 

■      wiu-i:  "  Sin. 

Capacity  of  tender,  water 3.609  galls. 

-       -       »       coal 8.9 1 

■toft 


,CLA5S  Oa. 
Same  service  on  Chicago  >£:  Erie  Railroad. 

DrxxssHSBv 

Diameter  of  cylinders Bns, 

Strops  ::':§:-  S-;  I 

DLiz:i:e7  6;  drivers 5ft.  Sin. 

No.offlues 195 

LsaaetKCaTsuBUB     -   '.:''.-  :z 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues L37S.37  sq.  ft. 

flre-box 166-SSsq.ft 

Total  heating  surface 1.545.15  eq.  ft 

Inside  length  of  flre-box Hit 

'•     width"       "        Sft93,n» 

Capacity  of  tender,  water    3.600  galls 

^       •       -       coal §9tona. 

Weaent  :'  :ender,  empty SiSCOlbs. 

engine,  loaded 1:  JOOIba. 

Drxzssioss  339  to  135. 

Diameter  of  cylinders 19  in. 

Stroke  of  piston    9*in. 

Diameter  of  drivers Clin. 

>'        •'  -.    ■-        

Lengthoffl^-"  13  ft.  6  in. 

Outside  diameter  of  flues Sin. 

Hearing  surface,  flues 1.506-6  sq.  ft 

fire-box    156Jso.ft. 

Total  heating  surface 1.9tl.9*c..  ft 

1       : 7       .  _  of  nTe-kaut     i  '.:. 

••      widta '•        "        Bin, 

-       tender,  water i.600galla. 

coal S-9tss«s. 

.  1:  0:'  tender,  empty SSjMIhs. 

r         enpi^ioaded :."  • 
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clas~  p. 

Through  freieht  service  on  the  New  York,  Pennsylvania  & 
Ohio  Railroad. 

Dime-  i 

Diameter  of  cylinders 30  in. 

8:roke  of  piston 24  in. 

Diameter  of  drivers  "...  ....,[    4  ft.  2  in] 

No.  of  flues ' 239 

length  of  flats ...'.'"..."  n  ft.  5*  in. 

Outside  diameter  of  flues 2  in 

Heating  surface,  flnea 1,424.75  sq  ft. 

-r      '         ."         fire-box 183.75aq.ft. 

I otal  beaung  surface  1.613.5sq  ft. 

Inside  length  of  fire-box lift   6A  in 

"width-        '•        3ft.  5Sin. 

capacity  of  tender,  water 3600gal!s 

__    ".       "       ;•       coal 8.9ions. 

rt  eight  of  tender,  empty 323)0  lbs. 

-  engine,  loaded 131,150  lbs. 

CLASS  Q. 

Through  passenger  service  on  the  Xew  York,  Pennsvlvania 
&.  Ohio  Railroad. 

Dimuuuun. 

Diameter  of  cylinders IS  in. 

Stroke  of  piston 24  in. 

Diameter  of  drivers..       5  ft.  2  in. 

No.  of  flue* 221 

Length  of  flues 12  ft.  6  in. 

Outside  diameter  of  fines 2  in. 

Heating  surface,  flues 1,321  kj  ft 

■■  fire-box 132  sq.  ft. 

Tota.  heating  surface  1.453  sq.  ft. 

Inside  length  of  fire-box 5  ft.  HHin 

width-       ••        2ft.lOHin. 

Capacity  of  tender,  watet 3,800  galla. 

••       ••       •■       coal 89tons. 

Weight  of  tender,  empty 32,800  lbs. 

"      "  engina,  loaded 106.600  lbs. 

CLAj-  K. 
Fast  freight. 

Dntxxsioxs. 

Diameter  of  cylinders 21  in. 

Stroke  of  piston 26  in. 

Diameter  of  drireri 5ft.  2m. 

No.  of  flues 258 

Length  of  fines 10  ft.  10  in. 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues  1.480  »q.  ft. 

■•  '■       fire-box 1565eq.fL 

Total  heatinz  surface  1  including  combustion  chamber 1.699  sq.ft. 

Inside  length  of  fire-box 9  ft.  541  in 

"      width"       "        8ft.2Hin. 

Capacity  of  tender,  water 3,600  galls. 

„ coal 8.9tons. 

Weight  of  tender,  empty 32,800  lbs. 

"  engine,  loaded 13«1001b9. 

CLArk-    S     COMPOUND]. 

Heavy  pushers. 

Dnnxsioxs. 

Diameter  of  cylinders 16427  in. 

Stroke  of  pistons 28in. 

Diameter  of  drivers 4  ft.  2  in. 

No.  of  flues 354 

Length  of  Sues 12  ft.  >4  in. 

Outside  diameter  of  flues 2  in. 

Heating  surface,  flues t.213  .q.  ft 

fire-box  179  sq.  ft. 

combustion  chamber 48.5sq.fi. 

Total  heating  surface 2  440.5  sq  ft 

Diside  length  of  fire-box 10  ft.  lljf  in 

•■      width    •        -        gft.    2HiD." 

Capacity  of  tender,  water 4.500  galls. 

coa! lOtons. 

Weight  of  tender,  empty 

•  engine,  loaded 200.55.'  ibe. 

An  interesting  feature  of  this  classification  of  locomotives  is 
the  absence  of  all  cylinders  of  less  than  18  in.  in  diameter. 
Even  for  the  light  passenger  traffic,  where  probably  not  more 
than  four  or  five  cars  are  hauled  in  a  train,  the  cylinder  diam- 
eters are  kept  up  to  these  dimensions.  A  man  need  not  be  so 
very  old  to  remember  when  16  in.  was  the  standard  diameter 
for  the  large  engines  on  through  trunk  lines  handling  a  heavy 
traffic.  With  cylinder  diameters  increased  the  heating  surface 
has  also  arisen,  though  perhaps  not  in  the  same  proportions. 
Class  A.  for  example,  with  lS-in.  cylinders,  has  a  total  heat- 
ing surface  of  only  1,109  sq.  ft.,  while  even  more  than  this 
has  frequently  been  given  for  16-in.  cylinders  doing  the  same 
class  of  work,  while  the  second  division  of  Class  A  and  Class  B 
have  only  1.053  sq.  ft.  But  when  we  consider  the  beating 
surface  of  2,066.9  sq.  ft.,  that  is  obtained  on  Class  O,  it  is 
amusing  to  remember  the  struggles  with  the  16-in.  engines, 
when  attempts  were  being  made  to  raise  the  heating  surface 
to  1,300  sq.  ft.  Equally  significant  is  the  tremendous  weight 
that  is  now  put  upon  drivers.     The  40,600  lbs.  that  is  put 


upon  the  forward  pair  of  drivers  of  Class  M  would  have  been 
considered  impossible  but  a  few  years  ago.  It  is  such  work 
as  this  that  causes  the  triangular  contest  between  the  operat- 
ing, road  and  motive  power  departments.     The  Operating  De- 
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partment  calls  upon  the  Superintendent  of  Motive  Power  to 
haul  heavier  trains ;  the  latter  tells  the  chief  engineer  to 
strengthen  his  bridges,  and  the  engineer  protests  that  he  must 
have  more  metal  if  he  is  to  do  it.  The  opinion  seems  to  pre- 
vail in  some  quarters,  however,  that  the  limit  is  nearly  reached, 
as  trains  are  about  as  long  as  it  is  safe  to  haul. 


PROCEEDINGS  OF  SOCIETIES 


New  York  Railroad  Club.— The  regular  monthly  meeting 
was  held  on  the  evening  of  November  16,  at  which  time  the 
annual  election  took  place,  resulting  in  the  election  of  George 
W.  West,  Superintendent  of  Motive  Power  of  the  Xew  York, 
Ontario  &  Western  Railway,  as  President  :  of  A.  E.  Mitchell, 
Superintendent  of  Motive  Power  of  the  Xew  York,  Lake  Erie 
A  Western  Railroad,  as  First  Vice-President,  and  W.  H. 
Lewis,  Master  Mechanic  of  the  Delaware,  Lackawanna  & 
Western  Railroad,  as  Second  Vice-President.  At  the  October 
meeting  the  position  of  Secretary  was  made  an  appointive 
office  under  the  direction  of  the  executive  committee.  Pre- 
vious to  the  election  of  officers,  Mr.  R.  H.  Parks  read  an  ex- 
ceedingly interesting  paper  on  the  use  of  compressed  air  for 
shop  purposes. 
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American   Railway  Master   Mechanics'   Association. — 

The  joint  circulars  of  the  Master  Mechanics'  and  the  Master 
Car-Builders'  Associations  have  been  issued  by  their  respective 
secretaries,  and  announce  that  the  Master  Car-Builders  and  the 
Master  Mechanics  have  decided  on  the  Thousand  Islands,  at 
Alexandria  Bay,  for  the  place  of  their  next  meeting  in  June, 
1895.  The  committee  have  made  the  following  arrangements 
with  Mr.  J.  B.  Wister,  proprietor  of  the  Thousand  Island 
House,  Thousand  Islands,  Alexandria  Bay,  N.  Y.,  and  Mr. 
Charles  W.  Crossmon,  proprietor  of  the  Crossmon  House, 
Thousand  Islands,  Alexandria  Bay,  N.  Y.,  as  to  terms,  as 
follows  :  Single  rooms,  with  board,  S3  per  day  each  person  ; 
single  rooms,  with  board  and  bath,  $4  per  day  each  person  ; 
double  rooms,  with  two  persons,  $3  per  day  each  person. 
These  rates  are  to  members  of  the  Association  and  their  friends. 
Applications  for  rooms  should  be  made  to  Mr.  J.  B.  Wister, 
proprietor  of  the  Thousand  Island  House,  Thousand  Islands, 
Alexandria  Bay,  N.  Y.,  and  Mr.  Charles  W.  Crossmon,  pro- 
prietor of  the  Crossmon  House,  Thousand  Islands,  Alexandria 
Bay,  N.  Y.  The  committee  request  that  members  will  apply 
at  once  for  rooms,  as  those  who  first  apply  will  be  best  served. 


Engineers'  Club  of  St.  Louis. — At  a  meeting  held  Novem- 
ber 7,  Professor  H.  A.  Wheeler  read  a  paper  on  The  Merz 
Process  of  Handling  Garbage  at  the  South  St.  Louis  Works. 

Previous  to  1891  the  garbage  had  been  dumped  in  the  river, 
the  quantity  then  being  estimated  at  40  tons  per  day.  It  now 
averages  150  tons  daily,  and  has  reached  300  on  Mondays  dur- 
ing the  watermelon  season,  the  daily  quantity  per  capita  vary- 
ing between  $  and  1  lb.  All  garbage  is  now  reduced  by  the 
St.  Louis  Sanitary  Company,  the  city  paying  them  9  cents  per 
pound  up  to  200  tons  daily,  above  which  quantity  it  is  reduced 
free  of  charge.  The  upper,  or  No.  1  plant,  built  4  years  ago, 
was  originally  of  40  tons  capacity  ;  it  was  later  increased  to 
75  tons,  and  last  summer  handled  as  high  as  100  tons.  The 
No.  2  plant,  at  the  foot  of  Chouteau  Avenue,  was  only  tem- 
porary, and  has  been  abandoned.  The  No.  3  plant  is  located 
at  the  foot  of  Montana  Street,  in  South  St.  Louis,  and  began 
operations  in  the  spring  of  1894.  Its  daily  capacity  is  200 
tons.  Professor  Wheeler  explained  in  detail  the  system  em- 
ployed, devoting  special  attention  to  the  methods  of  ventila- 
tion. In  his  opinion  the  plant  was  of  great  interest  to  engi- 
neers, and  deserved  the  good  opinion  of  the  profession  as 
representing  an  intelligent  effort  in  the  direction  of  a  solution 
of  a  most  difficult  problem. 


American  National  Association  of  Railway  Superinten- 
dents of  Bridges  and  Buildings. — The  fourth  annual  meet- 
ing was  held  at  Kansas  City,  Mo.,  October  16-19.  The  sub- 
jects upon  which  reports  were  received  and  discussed  were  : 
Depressed  Cinder  Pits  ;  the  Best  Method  of  Bridge  Inspec- 
tion ;  Maintenance  of  Pile  and  Frame  Trestles  ;  and  the  Best 
Scale  Foundation.  The  next  meeting  is  to  be  held  on  the  third 
Tuesday  of  October,  1895,  at  Atlanta,  Ga.,  where  the  subjects 
of  papers  to  be  read  and  discussed  will  be  as  follows  :  Mechani- 
cal Action  and  Resultant  Effects  of  Motive  Power  at  High 
Speed  on  Bridges  ;  Methods  and  Special  Appliances  for  Build- 
ing Temporary  Trestles  over  Wash-outs  and  Burn-ouls  ; 
Strength  of  Various  Kinds  of  Timber  used  in  Trestles  and 
Bridges,  Especially  with  Reference  to  Southern  Yellow  Pine, 
White  Pine,  Fir  and  Oak  ;  Best  Method  of  Erecting  Plate 
Girder  Bridges  ;  Best  and  Most  Economical  Railway  Track 
Pile  Driver  ;  Sand  Dryers,  Elevators  and  Methods  of  Supply- 
ing Sand  to  Engines,  Including  Buildings  ;  Span  Limits  for 
Different  Classes  of  Iron  Bridges  and  Comparative  Merits  of 
Plate  Girder  and  Lattice  Bridges  for  Spans  from  50  ft.  to  110 
ft.  ;  Best  Method  of  Spanning  Openings  too  Large  for  Box 
Culverts,  and  in  Embankments  too  Low  for  Arch  Culverts  ; 
Best  End  Construction  for  Trestles  Adjoining  Embankments  ; 
Interlocking  Signals  ;  Pumps  and  Boilers. 

Society  of  Naval  Architects  and  Marine  Engineers. — 
The  annual  meeting  was  held  at  the  house  of  the  American 
Society  of  Mechanical  Engineers  on  Thursday  and  Friday,  No- 
vember 15  and  16.  In  another  column  we  reprint  the  main 
portion  of  the  paper  by  Commodore  George  W.  Melville,  and 
regret  that  lack  of  space  prevents  a  more  elaborate  review  of 
the  proceedings.  The  following  is  a  list  of  the  papers  that 
were  read  :  Some  Suggestions  of  Professional  Experience  in 
Connection  with  the  Naval  Construction  of  the  last  Ten  Years 
—1884-1894,  by  Richard  W.  Mende,  Rear  Admiral,  (J.  S. 
Navy  ;  The  Lrse  of  Small  Models  for  the  Determination  of 
Curves  of  Stability,  by  E.  Bertin,  Director  of  the  French  Gov- 
ernment School  of  Naval  Design  ;  Some  Obstacles  to  Ship 
Building  and  Owning  in  this  Country,  by  George  W.  Dickie, 
Est]..  Naval  Architect,  San  Francisco,  Cal.  ;  Present  Status 
of  Face-Hardened  Armor,  by  W.  T.  Sampson,  Captain  and 


Chief  of  Ordnance,  U.  S.  Navy  ;  Cellulose  and  its  Application 
to  Warships,  by  E.  Cheneau,  Philadelphia,  Pa.  ;  Experience 
Gained  with  our  New  Steel  Ships  as  Regards  Care  and  Pres- 
ervation, by  Philip  Hichborn,  Chief  Constructor,  U.  S.  Navy  ; 
The  U.  S.  Triple-screw  Cruisers  Columbia  and  Minneapolis,  by 
George  W.  Melville,  Engineer-in-Chief,  U.  S.  Navy  ;  Elec- 
tricity on  Shipboard  :  its  Present  Position  and  Future  Devel- 
opment, by  S.  Dana  Greene,  Esq.,  New  York,  N.  Y.  ;  Hy- 
draulic Power  for  Warships,  by  Albert  W.  Stahl,  Naval 
Constructor,  U.  S  Navy  ;  Yachts  in  England  and  America, 
by  Lewis  Nixon,  Esq.,  Naval  Architect,  Philadelphia,  Pa.  ; 
A  Dynamic  Steam  Engine  Indicator  Tester,  by  Professor  Cecil 
II.  Peabody  and  Assistaut  Professor  E.  F.  Miller,  Massachu- 
setts Institute  of  Technology  ;  An  Approximate  Formula  for 
the  Wetted  Surface  of  Ships",  by  W.  F.  Durant  and  G.  R.  Mc- 
Dermott  ;  Notes  on  Launching,  by  William  J.  Baxter,  Naval 
Constructor,  U.  S.  Navy  ;  Accessibility  and  Circulation  of 
Water -tube  Boilers,  by  L.  D.  Davis,  Esq.,  M.E.,  Erie,  Pa.  ; 
Recent  Light-draft  Gunboats  of  the  U.  S.  Navy,  by  J.  J. 
Woodward,  Naval  Constructor,  U.  S.  Navy. 

Master  Car-Builders'  Association.  — The  Secretary  has  re- 
cently sent  out  the  following  circular  relative  to  the  standards 
that  have  been  adopted  by  the  Association  : 

"  Replies  to  circular  dated  September  4,  in  regard  to  gauges 
recently  adopted  by  the  Association,  do  not  indicate  that  or- 
ders for  50  sets  can  be  assured  at  the  prices  quoted  by  gauge 
manufacturers.  Many  of  the  replies  indicate  that  the  prices 
quoted  are  considered  too  high,  and  that  gauges  have  been  or 
will  be  made  by  the  companies  at  their  own  shops.  The 
Executive  Committee  has  again  considered  the  question,  and 
decided  that  it  cannot  effect  satisfactory  arrangements  with 
gauge  manufacturers  for  these  gauges.  It  recommends  that 
railroad  companies  making  these  gauges  should  have  the  large 
lithograph  drawings  of  same  from  this  office,  so  that  the 
gauges  may  be  properly  made  in  so  far  as  the  essential  or 
gauging  dimensions  are  concerned. 

"  The  Executive  Committee  has  examined  the  15  sheets  of 
lithograph  drawings  showing  all  the  standards  and  recom- 
mended practice  revised  to  dale— that  is,  including  changes 
and  new  matter  since  the  ballot  of  1894 — and  believes  that 
members  do  not  fully  appreciate  the  importance  of  having  a 
full  set  of  these  drawings  for  reference  in  following  M.  C.  B. 
standards  as  thoroughly  as  possible.  The  Secretary  has,  there- 
fore, been  instructed  to  call  attention  again  to  this  matter,  as 
coming  from  the  Executive  Committee  with  its  recommenda- 
tion as  above. 

"  When  originally  issued  in  1893  there  were  sheets  1  to  11, 
inclusive,  of  M.  C.  B  standards,  and  sheets  A  and  B  of  recom- 
mended practice.  By  the  ballot  of  1894  sheets  1,  2,  3,  8  and 
A  were  revised,  and  sheets  12  and  C  were  originally  issued,  so 
that  we  now  have  sheets  1  to  12,  inclusive,  of  M.  C.  B.  stand- 
ards, and  sheets  A,  B  and  C  of  recommended  practice,  all  as 
revised  and  completed  to  dale. 

"  The  new  sheets  of  1894,  Nos.  12  and  C,  are  as  follows  : 
Sheet  12  -  Staudard  Terms  and  Gauging  Points  for  Wheels  and 
Track  ;  Guard  Rail  and  Frog  Wing  Gauge  ;  Check  Gauge  for 
Mounting  Wheels  ;  Wheel  Tread  ;  Flange  Thickness  Gauges 
for  New  Wheels.  Sheets C — Recommended  Practice  for  Jour- 
nal Bearing  and  Wedge  Gauges  ;  Safety  Chains  for  Freight 
Cars  ;  Minimum  Thickness  of  Steel  Tires  ;  Dummy  Coupling 
Hook.  These  lithographs  are  made  on  thin  semi-transparent 
paper,  so  that  blue  prints  may  be  taken  therefrom  the  same  as 
from  tracings.  They  are  sold  at  25  cents  per  copy,  or  $3.75 
for  a  set  of  15  sheets." 


Universal  Exposition  at  Amsterdam,  1895. — We  are  in 
receipt  of  a  circular  dated  at  Amsterdam,  announcing  that  a 
universal  exposition  will  be  held  in  that  city  under  the  patron- 
age of  Her  Majesty  the  Queen  Regent  of  the  Netherlands,  from 
May  1  to  November  1,  1895.  It  is  announced  that  the  Exposi- 
tion building,  with  its  extensions,  will  cover  47,800  sq.  yds., 
built  of  iron  and  sheathed  in  durable  materials.  The  length 
of  the  main  gallery  will  be  3,900  ft.,  and  the  height  46  ft.  and 
the  breadth  82  ft.  In  front  of  the  monumental  facade,  hav- 
ing the  breadth  of  737  ft.,  there  will  extend  16  hectares  ( 
acres)  of  gardens  and  lawns  for  the  exhibition  of  trees  and 
plants.  The  present  address  is  at  50  Marche  St.  Jacque,  Ant- 
werp, Belgium. 

Discussing  Aerial  Locomotion.— At  the  meeting  of  the 
German  Congress  of  Natural  Science  held  in  Vienna  in  Sep- 
tember, Professor  Boltomann  delivered  an  interesting  lecture 
on  aerial  locomotion.  He  predicted  the  greatest  success  for 
the  application  of  aeroplanes  in  which  the  principle  of  an 
oblique  plane  is  employed.  He  referred  to  Maxim's  machine 
as  a  second  step  in  advance. 
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PERSONAL. 


Charles  A.  Sheldon,  a  graduate  of  Yale,  and  until  recent- 
ly Assistant  Division  Superintendent  on  the  Michigan  Division 
of  the  Lake  Shore  Railroad,  has  resigned  that  position  and 
made  an  engagement  with  the  Consolidated  Company,  and  will 
have  charge  of  the  compressed  gas-lighting  department.  That 
company  is  about  to  introduce  the  Pope  system,  which  will  be 
interchangeable  with  the  Pintsch  system." 


Manufactures. 


BAND  RE-SAWING  MACHINE. 


We  illustrate  herewith  a  new  band  re-sawing  machine  which 
has  been  produced  by  the  manufacturers  to  fill  the  wants  of 
cabinet-makers,  coach-builders,  sash-and  door  manufacturers 
and  all  others  where  the  requirements  are  for  both  re-sawing 
and  hand  or  scroll  work. 


For  further  information  concerning  the  above,  address  the 
manufacturers.  Berry  &,  Orton  Company,  Twenty-third  and 
Arch  streets,  Philadelphia,  Pa. 


THE  FINLAYSON  WATER-TUBE  BOILER. 


The  interest  centering  in  the  use  of  water-tube  boilers,  both 
for  stationary  and  marine  water,  which  was  so  plainly  evi- 
denced at  the  meeting  of  the  members  of  the  American  Society 
of  Mechanical  Engineers  last  spring,  and  reported  in  The 
American  Engineer  for  June,  is  evidently  not  confined  to 
this  country.  On  page  547  of  this  issue  we  publish  a  transla- 
tion of  a  very  interesting  paper  on  water-tube  boilers,  which 
was  recently  read  before  a  German  engineering  society,  in 
which  a  number  of  various  types  of  water- tube  boilers  were 
described  and  discussed.  Among  the  boilers  which  have  re- 
cently been  brought  to  the  attention  of  the  public  in  this  country 
is  the  Finlayson  boiler,  manufactured  by  the  Finlayson  Boiler 
Company,  Limited,  of  Detroit,  Mich.,  of  which  we  give  two 


Fig.   1.  Fig.  2." 

BERRY   &  ORTON_.COMPANrvS.BAND.  RESAWING  MACHINE. 


This  is  a  powerful  machine,  weighing  over  4,000  lbs.,  and  is 
so  arranged  that  in  re-sawing,  the  feed  works  are  swung  into 
their  place  and  fastened  by  a  single  nut  ;  there  being  no  belts 
to  take  off  or  parts  to  disconnect,  the  operation  consumes  less 
than  one  minute.  When  the  machine  is  to  be  used  for  plain 
or  scroll  sawing,  the  arms  carrying  the  feed  works  are  swung 
open,  as  is  shown  by  the  illustration,  fig.  2. 

The  feed  rollers  are  strongly  geared,  and  will  automatically 
center  the  material  to  be  sawn,  or  they  can  be  set  so  as  to  slab 
from  one  side  of  a  timber  by  simply  loosening  one  nut  and 
tightening  another.  The  rollers  are  set  for  different  thick- 
nesses of  material  by  means  of  the  crank  shown  at  the  left, 
near  the  table,  and  will  also  tip  for  sawing  bevel  siding  or 
other  work  that  may  be  needed.  They  are  started  and  stopped 
independently  of  the  machine,  or  the  feed  can  be  instantly 
stopped  by  raising  the  weight  lever  shown  in  front.  The  feed 
has  three  changes. 

The  machine  will  take  lumber  22  in.  wide  and  up  to  8  in. 
thickness,  and  will  carry  saws  3}  in.  wide  and  less  down  to 
saws  for  the  finest  scroll  work.  The  latest  improved  roller 
guides  are  supplied,  the  top  one  being  counterweighted  to  pre- 
vent accidents  by  falling  on  the  work. 

These  machines  are  built  in  five  different  sizes,  weighing 
from  3,000  lbs.  up  to  12,000  lbs.,  carrying  saws  from  2  in.  to 
8  in.  wide,  being  the  largest  line  made  in  the  country,  filling 
the  requirements  of  any  work  that  may  be  needed  of  them. 


illustrations.  The  principle  of  the  operation  of  this  boiler  is 
that  the  circulation  of  water  shall  be  maintained  in  vertical  di- 
rections, and  that  after  the  liberation  of  the  steam  from  the 
water  it  shall  be  thereafter  superheated  before  being  used  in  the 
engine,  while  the  waste  products  of  combustion  are  utilized,  as 
far  as  possible,  with  the  feed  water  before  it  is  delivered  to 
the  boiler  itself.  In  order  to  utilize  all  the  space  surrounding 
the  boiler  to  as  great  an  extent  as  possible  the  front  and  back 
heads,  instead  of  being  lined  up  with  fire-brick  or  other  non- 
conducting material,  are  formed  of  water  legs  with  flat  sur- 
faces and  held  together  by  stay-bolts  after  the  manner  of  the 
water  legs  of  locomotive  boilers.  At  the  bottom  and  out  to- 
ward the  sides  these  water  legs  are  attached  to  each  other  by 
a  large  pipe,  which  is  known  as  the  side-flow  pipe.  At  the 
top  they  are  connected  by  the  steam  drum,  to  which  direct 
access  is  obtained  by  means  of  the  hand-hole  plate,  shown  at 
the  front  of  the  engraving. 

This  steam  drum  naturally  vuric-s  in  the  size  with  that  of  the 
boiler,  but  it  is  intended  to  be  so  designed  that  the  steam  space 
shall  be  ten  times  the  capacity  of  the  engine  cylinder.  This 
drum  is  kept  half  full  of  water,  and  as  the  outer  surfaces  of 
the  water  legs  are  naturally  cooler  than  the  inner  surfaces,  the 
flow  of  the  water  takes  place  from  the  drum  down  the  outside 
portion  of  the  water  legs  into  the  side  flow  pipes,  and  thence 
up  through  the  circulating  pipes,  back  through  the  drum. 
The  distance  which  the  water  is  obliged  to  traverse  through 
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these  smaller  vertical  pipes,  which  are  used  for  heating  pur- 
poses, is  quite  short,  being  from  2  ft.  to  3  ft.,  depending  on 
the  size  of  the  boiler. 


A  LESSON   IN  MILLING. 


Fig.   1. 

BOILER  COMPLETE,  EXCEPTING  SUPERHEATING  COILS  AND  SIDE-CASING,  SHOW- 
ING 8IDE  PLOW  PIPES,  STEAM  DRUM,  ARRANGEMENT  OP  STEAM  GENERATING 
LOOPS  AND  FEED -WATER  COILS. 


In  order  to  obtain  the  superheating  to  which  reference  has 
already  been  made,  the  coils  are  placed  on  either  side  of  the 
boiler  in  such  a  position  that  they  receive  the 
heat  which  passes  between  the  side  flow  pipes. 
The  arrangement  of  these  pipes  is  also  different 
from  anything  else  which  we  have  thus  far  seen  ; 
instead  of  having  the  superheating  pipes  in  one 
continuous  coil,  through  the  whole  length  of 
which  all  of  the  steam  must  pass,  these  are  made 
in  short  lengths,  with  manifold  connections  both 
at  top  and  bottom.  Steam  ou  leaving  the  drum 
does  so  through  a  perforated  dry  pipe  lying 
along  the  upper  side,  thence  comes  downward 
toward  the  lower  connection  of  these  superheat- 
ing pipes,  and  is  distributed  through  them,  rising 
again  to  the  main  supply  pipe  to  the  engine. 
Thus  any  water  which  may  pass  over  through 
the  steam  drum  into  these  pipes  is  not  carried 
on  to  the  engine  cylinder,  because  the  area  of  the 
upright  pipes  in  the  manifold  is  about  fifteen 
times  as  much  as  that  of  the  main  steam  pipe, 
so  that  there  is  no  driving  rush  of  steam  through 
any  one  of  them  tending  entrain  water. 

Blow-off  pipes  are  placed  at  each  lower  corner 
of  the  water  legs,  through  which  the  boiler  can 
be  readily  washed  out  and  the  sediment,  which 
would  naturally  collect  at  these  points,  be  easily 
removed. 

The  feed-water  coils  are  placed  above  the 
steam-generating  section  in  a  horizontal  posi- 
tion, as  shown  in  fig.  3,  and  the  feed  water  is 
then  carried  back  and  through  them  until  ILe 
boiling  point  is  reached,  when  it  is  delivered  into 
the  side  flow  pipes  on  either  side. 

The  loops  in  which  the  steam  is  generated  are 
divided  length-wise  of  the  boiler,  and  thus  pro- 
vide for  proper  expansion  and  contraction.  The 
steam  drum  being  carried  half  full  of  water, 
all  of  the  pipes  and  connections  which  are  exposed  to  the  direct 
action  of  the  fire  are  protected  by  water. 


The  Pratt  &  Whitney  Company,  of  Hartford,  Conn.,  have 
sent  us  some  very  interesting  photographs 
showing  a  "gang  mill,"  for  cutting  corru- 
gations in  the  surface  of  heavy  plates  and 
finishing  the  whole  plate  at  one  operation. 
As  these  illustrations  have  already  appeared 
in  a  number  of  other  technical  papers,  they 
are  not  reproduced.  The  one  represents  a 
view  from  a  washed  drawing  showing  the 
machine  in  which  the  milling  was  done,  and 
the  other  is  an  enlarged  view  of  the  "  gang 
mill." 

Of  the  work  done  by  this  machine  and  the 
tool  referred  to,  this  Company  say  : 

"  An  achievement  in  the  line  of  surface 
milling  which  so  far  surpasses  anything  in 
the  ordinary  as  to  make  it  of  special  interest, 
is  at  present  in  progress  at  the  works  of  the 
Pratt  &  Whitney  Company,  Hartford,  Conn., 
and  which  is  illustrated  herewith  from  pho- 
tographs taken  of  the  machine  in  operation. 

"  The  work  consists  in  the  corrugation  of 
metal  plates  by  milling,  using  gang  mills  and 
finishing  a  plate  at  one  cut. 

"  These  plates  are  of  steel  f  in.  thick,  24 
in.  wide,  and  40  in.  long.  The  corrugations 
are  formed  of  arcs  of  circles  of  A-in.  radius, 
and  cover  a  surface  20  in.  wide  by  33  in. 
long,  and  milled  to  a  depth  of  3\-  of  an  inch, 
requiring,  as  will  be  seen,  a  gang  of  mills  33 
in.  in  length  to  do  the  work. 

"  Spencer  Kellogg,  of  Buffalo,  N.  Y.,  for 
whom  this  work  is  being  done,  uses  in  the 
manufactureof  a  certain  product  about  1,000 
of  these  plates,  and  so  great  has  been  the 
need  of  them  that  it  has  been  necessary  to 
work  24  hours  per  day,  using  double  sets  of 
mills  to  avoid  the  loss  of  time  consumed  in 
grinding. 

"The  manner  of  making  these  mills  will 
also  be  of  interest.  One  set  is  made  up  of 
30  separate  pieces,  each  8  in.  in  diameter,  H 
in.  wide,  and  4  in.  bore,  the  faces  of  each 
being  ground  so  that  the  joint  will  show  as 
little  as  possible  on  the  milled  surface.  In 
the  other  set  there  are  four  mills  only  or  four  blocks.  Two  of 
the  blocks  contain  nine  each  of  the  corrugations,  one  eight, 


Fig.  2. 
BOILER  COMPLETE  (WITH  SIDE-CASING  REMOVED)  SHOWING  DISPOSITION  OF 
SUPERHEATING  COILS.    FROM  PHOTOGRAPH  OF  A  50  HORSE-POWER  BOILER. 

and  one  seven,  making  the  same  number  as  the  former  set.  and 
being  the  same  dimensions  otherwise.     They  are  interlocked, 
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forming  in  effect  a  solid  mill  33  in.  in  length,  8  in.  diameter, 
and  leaving  a  surface  absolutely  smooth.  The  cutting  edge 
of  each  row  of  teeth  in  the  blocks  are  set  far  enough  back  of 
the  teeth  in  the  preceding  one,  so  that  only  one  block  or  eight 
mills  are  cutting  at  one  time. 

"  The  plates  are  milled  at  the  rate  of  about  one  an  hour,  in- 
cluding changing,  and  the  mills  being  kept  well  lubricated, 
run  from  six  to  seven  days  without  grinding. 

"  The  machine  in  which  these  mills  are  operated  and  shown 
In  illustration  is  built  by  the  Pratt  &  Whitney  Company,  and 
known  as  No.  7  Double-Head  Power  Miller,  and  is  probably 
the  only  machine  built  in  this  country  capable  of  doing  this 
work.  It  was  designed  and  built  to  meet  the  requirements  of 
work  of  this  kind.  It  is  built  with  either  single  or  double- 
head,  and  provisions  made  for  driving  both  heads  together  or 
separately  as  is  necessary. 

"  The  table  is  driven  by  a  large  and  extra  long  worm-gear- 
ing with  rack  on  under  side  ;  this  worm  is  in  halves,  and  is 
adjusted  for  taking  up  wear  in  threads  ;  it  has  ball  bearing 
collars  on  both  ends  for  taking  thrust. 

"  The  spindle  is  of  steel  with  tool  steel  thrust  collars  hard- 
ened and  ground.  The  front  bearings  are  11  in.  long  and 
5|  in.  in  diameter.  Greatest  distance  between  centers,  54  in.; 
least  distance,  14  in.  Greatest  height,  center  of  spindle  above 
table,  25  in.;  least  height,  4  in.  The  table  is  20J  in.  wide,  and 
the  length  the  limit  of  its  travel.  The  speeds  are  so  arranged 
as  to  take  cutters  from  4J-  to  18  in.  diameter. 

' '  The  present  work,  while  not  showing  the  result  in  cubic 
ine'ies  of  stock  removed  per  minute,  as  in  milling  side-rods 
and  like  work,  is  probably  the  severest  test  the  machine  has 
been  put  to,  owing  to  the  great  length  between  centers  and 
amount  of  surface  involved. 

"  The  work  has  been  watched  with  great  interest  by  me- 
chanics visiting  the  Company's  works  the  past  month,  and 
astonishment  expressed  at  the  ease  with  which  the  work  is 
done,  the  uniform  smoothness  of  the  milled  surface,  and  the 
entire  freedom  from  any  evidence  of  chatter  which  might  be 
expected  in  a  gang  of  mills  of  this  length." 


Recent  Patents. 


butman'b  furnace  and  mechanical  stoker. 

The  object  of  this  invention  is  to  provide  an  improved  fur- 
nace and  an  automatic  self-feeding  mechanical  stoker.  Fig.  1 
shows  a  longitudinal  vertical  section  of  the  furnace  and  ap- 
paratus, a  indicates  a  suitable  masonry  casing  of  refractory 
material  having  an  arch,  p,  which  extends  over  the  grate  G. 
The  construction  of  this  grate  is  the  novel  feature.  It  is  cy- 
lindrical in  form,  and  consists  of  two  large  wheels,  one  of 
which,  e,  is  shown  in  the  engraving.  These  are  loosely 
mounted  on  a  hollow  shaft,  c,  so  that  they  can  turn  indepen- 
dently of  it,  and  are  placed  at  a  distance  apart  equal  to  the 
width  of  the  grate.  The  grate-bars  are  attached  by  their  ends 
to  each  of  the  wheels. 

The  fuel  is  fed  into  the  hopper  /,  the  supply  being  regu- 
lated by  a  sliding  door,  /'.  The  grate  is  slowly  revolved  by 
gearing  s,  which  is  driven  by  a  worm-wheel  and  pulley,  P. 

The  combustion  chamber  k  extends  downwardly  to  what, 
in  locomotive  parlance,  would  be  called  the  "  forward"  part 
of  the  grate  or  drum,  to  a  point  a  short  distance  above  its 
horizontal  diameter,  where  it  communicates  with  the  up  take 
and  is  provided  with  an  inclined  dump-plate  or  tail-piece,  0. 
The  inner  edge  of  this  is  arranged  in  close  contact  with  the 
surface  of  the  grate,  so  as  to  scrape  all  ashes  and  clinkers 
therefrom. 

Below  the  grate  an  ash-pan  or  air-controlling  box  is  located 
within  the  cylindrical  grate  or  drum,  and  is  composed  of  the 
curved  bottom  2,  extending  from  a  point  at  a  distance  from  one 
side  of  the  grate  periphery  over  the  shaft  to  the  inner  side  of 
the  grate-bars  at  tne  opposite  side  of  the  shaft  and  near  the 
discharge  from  the  combustion  chamber  and  the  vertical  side 
plates  2',  extending  up  from  the  side  edges  of  said  bottom 
upwardly  to  the  inner  surfaces  of  the  rim  of  the  grate  head, 
so  that  a  complete  box  or  conduit  is  formed  beneath  the  active 
surface  of  the  grate,  with  an  opening  at  the  front  end  of  said 
box  at  the  front  side  of  the  grate.  This  box  is  supported  by 
arms  3  extending  upwardly  from  and  rigid  with  the  shaft  and 
secured  to  said  box,  so  that  the  box  can  be  moved  or  rocked 
within  the  drum  by  rotating  or  turning  the  shaft.     The  inner 


or  closed  end  of  said  box  is  provided  with  a  shoe,  4,  fitted  and 
curved  to  conform  to  the  curvature  of  the  inner  surface  of 
the  periphery  of  the  grate,  so  that  by  rocking  the  hollow  shaft 
the  said  box  can  be  rocked  to  throw  said  shoe  forwardly  and 
rearwardly,  and  thereby  decrease  or  increase  the  area  of  the 
grate  to  which  air  will  be  supplied  from  said  box. 

In  fig.  1  the  full  active  surface  of  the  grate  is  shown  sup- 
plied with  air,  as  the  shoe  is  located  below  the  tail-piece  over 
which  the  ashes  are  discharged  ;  but  if  the  rear  end  of  the  ash 
box  should  be  rocked  upwardly  the  said  shoe  would  move  up 
to  a  point  above  said  tail-piece,  and  thereby  shut  off  a  corre- 
sponding area  of  the  grate  on  which  fuel  is  located  from  the 
supply  of  air  passing  in  through  said  ash  box.  By  this  con- 
struction the  air  can  be  concentrated  on  the  incandescent  por- 
tion of  the  fuel  or  on  the  green  fuel.  Suitable  means  can  be 
employed  to  rock  the  said  shaft  and  pan.  A  toothed  seg- 
ment, 5,  rigid  with  the  said  shaft  and  in  engagement  is  shown 
with  a  worm,  6,  carried  by  the  inclined  shaft  7,  suitably  jour- 
naled  and  extending  forwardly  to  the  front  exterior  of  the 
furnace,  where  it  can  be  provided  with  a  suitable  handle,  W , 
for  rotating  the  shaft. 


BUTMAN'S  FURNACE  AND  MECHANICAL  STOKER. 


The  ash  box  has  the  upwardly  curving  bottom,  so  that  the 
area  of  the  ash  box  gradually  decreases  rearwardly,  which 
assists  in  throwing  the  air  outwardly  and  upwardly  through 
the  grate-bars  where  the  air  is  most  needed— that  is,  at  the 
point  of  greatest  heat  directly  over  the  central  portion  of  the 
drum. 

The  inventor  says  : 

"The  quantity  of  fuel  consumed  per  hour  can  be  readily 
regulated  either  by  increasing  or  decreasing  the  speed  of  the 
grate  drum  ;  by  increasing  or  decreasing  the  depth  of  fuel  by 
means  of  raising  or  lowering  the  hopper  gate  ;  by  means  of 
the  damper  in  regulating  the  admission  of  air  to  the  fuel,  or 
by  placing  the  box  in  such  a  position  as  to  increase  or  de- 
crease the  actual  grate  area  supplied  with  air." 

Mr.  T.  R.  Butman.  of  Chicago,  is  the  inventor.  His  patent 
is  dated  September  18,  1894,  and  numbered  526,341. 


WORTHINGTON  S   SECTIONAL   STEAM-BOILER. 

The  object  of  this  invention,  shown  in  fig.  2,  is  to  arrange 
the  parts  so  that  the  furnace  doors  /  may  be  located  in  the 
sides  instead  of  the  ends  of  such  boilers,  which  arrangement 
will  permit  of  the  length  of  the  boiler  or  the  number  of  series 
of  water  tubes  employed  being  increased  to  any  reasonable 
limit,  without  in  any  way  increasing  the  number  of  steam  or 
water  drums,  the  distance  from  the  doors  of  the  fire-box  to 
the  rear  of  the  furnace,  or  the  distance  within  which  the  firing 
or  stoking  of  the  boiler  will  have  to  be  effected. 
The  invention  is  described  as  follows  in  the  specifications  : 
"  A  A'  indicate  the  water  tubes,  which,  in  my  preferred 
form  of  construction,  are  arranged  in  series,  with  the  indi- 
vidual tubes  of  each  series  disposed  the  one  above  the  other, 
and  B  B  B*  B3  the  water-tube  headers,  in  which  the  ends  of 
the  water  tubes  A  A'  are  respectively  secured  by  expanding 
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the  same  in  suitably  shaped  orifices  formed  therein:  The 
series  of  water  tubes  A,  with  its  headers  B  B,  are  inclined  to 
the  horizon  in  one  direction,  and  are  alternated  with  the  series 
of  water  tubes  A',  which,  with  its  headers  5s  IP,  are  similarly 
inclined  in  the  opposite  direction.  As  thus  disposed,  the 
series  of  water  tubes  lie  side  by  side  in  a  horizontal  direction, 
and  the  length  of  the  boiler  depends  upon  the  number  of  series 
of  water  tubes  arranged  in  that  relation. 

"  Connected  with  the  upper  ends  of  the  headers  B  B1,  by 
tubes  a,  is  the  steam  and  water  drum  C,  which  preferably  ex- 
tends throughout  the  entire  length  of  the  boiler,  and  is  pro- 
vided on  its  interior,  over  the  ends  of  the  tubes  a,  with  deflec- 
tors b,  by  means  of  which  the  currents  of  water  passing  up- 
ward through  such  tubes  will  be  deflected. downward  ;  while 
below  the  series  of  water  tubes  A  A ,  in  positions  substan- 


FIG.  2. 


WORTHINGTGS'S  SECTIONAL  STEAM  BOILER. 

lially  under  their  respective  lower  ends,  and  connected  with 
the  steam  and  water  drum  C.  by  down-flow  tubes  c,  are  water 
drums  D  D' ,  one  of  which,  the  drum  B' ,  for  instance,  is  con- 
nected with  the  lower  end  of  the  headers  B  by  tubes  d, 

"  Located  under  the  water  tubes  A  A'  and  steam  and  water 
drum  G  is  the  fire-bos  or  furnace  E,  which  is  provided  with 
suitable  grate-bars  e,  that,  as  here  shown,  are  supported  at 
their  ends  by  the  water  drums  D  I)' ,  which  connected  by 
pipes  /,  preferably  extended  throughout  the  length  of  the 
boiler  are,  in  turn,  supported  by  suitable  masonry  piers  F,  or 
otherwise." 

The  patentee  is  Mr.  Amasa  Worthington,  of  Brooklyn, 
X.  Y.,  and  the  number  of  the  patent  is  524,877,  which  is  dated 
August  21,  1894. 

hahhah'h  coal-stoker. 

The  inventor  of  this  appliance,  fig.  3,  describes  its  object  in 
the  following  long  sentence  : 

"  It  is  to  produce  a  tilting  coal-stoker  mounted  in  a  boiler 
front,  into  which  the  coal  is  shoveled,  and  in  which  the  coal 
is  more  or  less  coked,  before  it  is  dumped  onto  the  fire  by  the 
tilting  of  the  receiver,  so  that  more  or  less  of  the  smoke  pro- 
ducing gases  are  eliminated  before  it  is  ignited  ;  in  which  the 
tilting  of  the  receiver,  at  least  substantially,  closes  the  open- 
ing in  the  boiler  front,  thereby  preventing  the  indraft  of  a 
large  quantity  of  cold  air  and  the  damages  resultant  there- 
from to  the  fire,  the  flues,  the  heads,  and  the  other  parts  of 
the  boiler  ;  in  which  the  receiver  when  restored  to  its  normal 
position  after  dumping  tightly  closes  the  opening  in  the  boiler 
front."  . 


Its  construction  is  further  explained  as  follows  : 
"  "  A  Ls  a  boiler  front,  and  a  is  a  boiler  of  any  construction. 
Said  front  is  provided  with  an  opening,  above  the  fire  and 
front  door,  in  which  the  coal-receiver  B  is  mounted  and 
adapted  to  be  tilted,  consisting  of  a  metallic  plate,  b,  which 
constitutes  the  bottom  thereof,  having  its  front  end  upturned 
to  create  the  front  b'  of  said  receiver.  Its  inner  end  bears 
against  the  transverse  wall  or  balfle  plate  c.     Its  top  is  closed 


HANNAN'^COAL-STOKER.' 

by  the  plate  d.  The  tilting  bottom  b  rests  and  rocks  upon  the 
boiler  front,  and  when  tilted,  as  shown  by  the  dotted  lines,  is 
supported  by  the  lug  b"  upon  the  bottom. 

"  As  the  tilting  of  the  coal  substantially  closes  its  opening 
in  the  boiler  front,  substantially  all  indraft  of  cold  air  is  there 
prevented." 

William  H.  Hannan,  of  Syracuse,  N.  T.,  is  the  inventor. 
His  patent  is  numbered  523,982,  and  dated  August  7,  1894. 

COLE'S   METALLIC   EOD-PACKTSG. 

Mr.  F.  J.  Cole,  Mechanical  Engineer  of  the  Baltimore  & 
Ohio  Railroad,  has  patented  the  very  ingenious  form  of  pack- 
ing shown  in  fig.  4.  In  describing  his  invention,  he  says  that 
it  is  well  known  that  in  piston  and  other  rod-packing,  in 
which  the  metallic  rings  are  pressed  against  the  surface  of  the 
rod  by  being  forced  into  a  conical  or  other  shaped  cup  having 
a  tapered  form,  by  means  of  a  spring  acting  in  the  direction 
of  the  axis  of  the  rod,  that  the  rings  frequently  bind  so  tightly 
on  the  rod,  due  to  roughness  or  slight  irregularities  in  same, 
or  by  reason  of  a  lack  of  oil,  or  by  being  too  tightly  forced 
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FIG    4. 


COLE'S  METALLIC  ROD-PACKING. 

against  the  surface  by  the  action  of  the  spring,  that  instead  of 
the  rod  sliding  through  them,  the  rings  are  carried  back  by 
the  motion  of  the  rod  until  the  spring  is  entirely  compressed, 
when  it  suddenly  flies  back  to  its  original  position,  often  caus- 
ing the  breakage  of  some  of  the  parts,  and  nearly  always  re- 
sulting in  unduly  jamming  the  rings  in  the  conical  cup.  In 
order  to  partially  overcome  this,  it  is  customary  to  use  an  undue 
amount  of  spring  pressure  and  increase  its  strength  far  in  ex- 
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cess  of  what  would  be  normally  needed  to  keep  the  rings  in 
sufficient  contact  with  the  rod  to  make  a  steam-tight  joint. 
No  provision  has  hitherto  been  made  in  this  form  of  packing 
to  automatically  restrict  this  motion,  and  the  object  of  this 
invention  is  to  provide  an  abutment  or  stop  which  is  auto- 
matically forced  forward  by  the  action  of  the  spring,  and 
blocked  in  its  advanced  position  so  that  the  metallic  rings 
cannot  be  pushed  out  of  position  by  the  action  of  the  rod. 

One  of  the  methods  of  doing  this  is  shown  in  fig.  4,  which 
represents  a  section  of  a  stuffing-box,  packing  rings,  etc. 
A  is  the  piston-rod  ;  B,  part  of  a  steam-chest  or  cylinder-head  ; 
0,  the  packing  case  ;  D,  the  metallic  packing  rings  ;  E,  a 
conical-shaped  cup  which  receives  the  rings  ;  O,  a  movable 
abutment  which  bears  against  the  packing  rings,  and  on  which 
the  spring  receives  the  rings  ;  0,  a  movable  abutment  in  con- 
tact with  the  ring  F.  S  is  a  spiral  spring  which  bears  against 
a  shoulder  on  the  inside  of  O.  i7is  an  inside  casing,  and  L  a 
stationary  abutment  or  sleeve  which  fits  tightly  inside  of  H. 
The  movable  abutment  O  has  an  outside  collar,  M.  As  the 
packing  wears  and  the  abutment  O  is  pressed  against  the 
ring  F,  a  little  space  is  left  between  the  collar  M  and  the 
sleeve  L.  0  is  a  receptacle  which  contains  shot  N.  The 
space  0  has  a  small  opening  which  communicates  with  the 
space  between  L  and  the  shoulder  M.  As  the  packing  wears 
and  the  space  is  increased  the  shot  fall  into  it,  and  thus,  by 
interposing  a  solid  substance  between  M  and  L,  prevents  the 
axial  movement  of  the  packing  rings. 

In  his  specification  Mr.  Cole  shows  and  describes  several 
other  methods  of  holding  the  packing  rings  in  their  place 
after  they  become  worn,  but  the  one  described  seems  to  be  the 
preferable  plan,  and  is  certainly  very  ingenious.  Mr.  Cole's 
patent  is  numbered  526,381,  and  dated  September  25,  1894. 
His  address  is  Mount  Clare,  Baltimore,  Md. 

beche's  pneumatic  hammer. 

This  invention  refers  to  pneumatic  hammers,  in  which  the 
hammer-head  proper  is  formed  by  a  heavy  cylinder  containing 
a  piston,  and  in  which  this  latter  is  employed  for  operating 
said  cylinder  or  hammer-head  ;  and  the  improvements  relate 
to  means  for  altering  the  height  of  stroke  of  the  head,  and 
also  to  means  for  automatically  replacing  the  air  for  the  upper 
air-cushion,  if  the  quantity  of  the  aii  of  this  cushion  has 
become  a  too  small  one  or  has  entirely  been  displaced. 


FIG  5. 


BECHE'S  PNEUMATIC  HAMMER. 

The  frame  a  of  the  pneumatic  hammer  (fig.  5)  holds  on  its 
top  the  shaft  b  in  the  two  bearings  a'  a?.  Said  shaft  has  an 
eccentric,  b',  carrying  the  beam  c.  This  beam  may  be  oscillated 
from  shaft  d  by  means  of  a  crank,  e,  and  connecting-iod  /, 
and  transfers  its  motion  to  the  piston  g  within  cylinder  h  by 
means  of  the  connecting-rod  i  and  piston-rod  k.  In  order  to 
turn  the  eccentric  6',  or,  in  other  words,  in  order  to  raise  or 
lower  the  beam  c  by  means  of  the  said  eccentric,  the  shaft  b 
has  been   provided  with  a  worm-wheel,  I,  gearing  with  a 


worm,  m.  This  latter  is  dimly  connected  with  a  chain- 
wheel,  n,  and  may  be  turned  from  a  sleeve,  o,  by  means  of 
chain-wheel  n'  and  chain  p. 

The  left-hand  end  of  shaft  d  carries  a  sleeve,  s,  with  two 
flange-like  friction  disks,  only  one  of  which,  s5,  is  shown,  the 
rotations  of  which  latter  may  be  transferred  on  the  sleeve  o  by 
the  broad,  disk-like  end  piece  o'  of  said  sleeve  o,  so  that  by 
causing  contact  of  disk  o'  with  one  or  the  other  of  the  disks  s8 
the  worm-wheel  I  may  be  turned  in  one  or  the  other  direction, 
and  the  beam  may  thus  be  raised  or  lowered,  just  as  required 
for  a  heavier  or  slighter  blow  of  the  hammer-head. 

The  differences  in  the  height  of  the  hammer-head  caused  by 
another  position  of  the  eccentric  b'  may  well  be  seen  from  the 
engraving. 

The  interior  space  of  cylinder  h  communicates  with  the 
outer  air  by  means  of  two  apertures  /('  h*  connected  at  the 
inside  of  the  cylinder  by  a  groove  or  channel,  A*.  The  said 
apertures  are  situated  some  distance  apart  from  the  bottom 
and  the  cover,  so  that  spaces  ft*  ?i'  are  formed,  in  which  some 
air  may  be  kept  back  and  compressed  for  forming  cushions. 
If,  now,  the  hammer  moves  with  but  slow  speed,  the  air  con- 
tained in  space  Hh  could  by  and  by  escape,  as  the  head  then 
moves  with  the  same  velocity  as  the  piston.  If,  thereafter,  a 
greater  speed  is  chosen,  a  vacuum  would  arise  above  the  pis- 
ton, which,  as  a  matter  of  course,  can  be  of  very  injurious 
effect.  To  avoid  this,  an  automatic  valve  formed  by  a  ball 
has  been  arranged  in  the  piston,  said  valve  acting  in  such  a 
manner  that  it  allows  the  entrance  of  air  into  said  space  a5, 
but  hinders  said  air  from  escaping  out  of  that  space,  so  that, 
therefore,  neither  a  vacuum  nor  even  a  rarefaction  of  air  can 
happen. 

The  inventor  is  Jean  BSche,  of  Htickweswagen,  Germany. 
His  patent  is  dated  September  25, 1894,  and  numbered  526,606. 

beatory's  power  hammer. 

This  invention  relates  to  the  class  of  power  hammers  wherein 
a  reciprocating  hammer-head  is  coupled  to  a  crank  which,  by 
its  rotation,  imparts  the  reciprocating  movement  to  the  ham- 
mer-head, and  particularly  to  that  type  of  such  hammer  in 
which  an  elastic  intermediary  is  placed  between  the  hammer- 
head and  crank,  which  enables  the  operator  to  give  a  stroke 
to  the  hammet  somewhat  in  excess  than  that  due  to  the  crank 
alone. 

In  the  hammer-head  3,  fig.  6,  is  formed  a  socket,  3*.  to  re- 
ceive a  Y-shaped  piece  comprising  two  spring-arms  9,  9, 
which  have  each  a  half-round  shank  which  fits  into  the  socket 
3*,  a  pointed  screw,  10,  serving  as  a  set-screw  to  hold  them 
firmly  in  place.  Coupled  to  the  crank-pin  is  a  crank-rod,  11, 
and  secured  to  this  rod  adjustably  is  a  sleeve,  12,  on  which 
are  two  spring-branches,  13,  13.  The  lower  ends  of  these 
spring-branches  are  coupled,  respectively,  to  the  upper  ends 
of  the  spring-arms  9  by  links  14,  as  shown  in  fig.  1.  The 
rod  11,  sleeve  12,  and  branches  13,  13  constitute  a  spring  con- 
necting-rod. 

It  is  desirable  where  the  hammer  is  to  operate  on  pieces 
varying  considerably  in  thickness  to  provide  a  means  for  vary- 
ing the  distance  between  the  center  of  the  crank-shaft  and  the 
lower  face  of  the  hammer-head,  and  this  may  be  done  by  ad- 
justing the  shanks  of  the  spring-arms  9  in  the  socket  in  the 
hammer-head,  or  by  the  adjustment  of  the  sleeve  12  along 
the  rod  11,  securing  the  sleeve  in  place  by  means  of  a  pointed 
set-screw,  15,  which  is  driven  into  a  longitudinal  slit  in  the 
crank-rod  so  as  to  expand  the  latter  in  the  sleeve  and  hold  it 
fast  therein. 

When  the  crank-shaft  rotates  slowly  the  hammer-head  will 
have  given  to  it  a  stroke  or  travel  about  equal  to  the  throw  of 
the  crank,  but  if  set  in  rapid  motion  the  momentum  of  the 
hammer-head  acting  through  the  spring-arms  9,  the  spring- 
branches  13,  and  links  14,  will  impart  to  the  head  a  greater 
length  of  stroke,  the  spring  connecting  media  being  distensible 
longitudinally.  The  device  will  also  serve  to  overcome  grad- 
ually the  inertia  of  the  hammer-head  at  the  ends  of  the  strokes. 
The  tension  of  the  spring-arms  and  spring-rods  may  be  in- 
creased by  means  of  a  tension-regulating  screw,  16,  which 
passes  freely  through  one  branch  13,  and  screws  into  the 
other,  as  clearly  shown. 

The  inventor  is  Augustin  Beaudry,  of  Somerville,  Mass.; 
the  number  of  patent  is  526,370,  which  is  dated  September 
25,  1894. 

warren's  shifting  link. 

Mr.  William  B.  Warren,  of  Peoria,  111.,  has  patented  the 
novel  arrangement  of  link  shown  in  fig.  7,  which  he  describes 
as  follows  : 

"  My  invention  resides  in  the  manner  in  which  the  outer 
ends  of  the  eccentric  rods  are  connected  to  the  skeleton  link, 
with  relation  to  the  saddle-pin  15,  whereby  a  more  perfect 
working  of  the  parts  is  attained.     To  accomplish  this  object. 
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I  first  establish  a  center  line,  A,  from  which  lines  B,  B,  C,  C 
and  D,  D  are  laid  off  perpendicular  and  at  right  angles  to  the 
center  line,  and  these  lines  are  equidistant  apart  on  the  center 
line.  I  then  mark  off  lines  E,  E  and  F,  F  parallel  with  the 
center  line  and  equal  distances  from  the  center  line.  I  next 
locate  the  center  a  of  the  saddle-pin  (which  is  the  center  of 
suspension  and  axis  for  link),  where  the  center  line  and  the 
center  arc  line  67,  6  intersect  with  the  center  line  C,  O.  I 
then  locate  the  coupling-pin  hole  10  at  the  intersection  of  the 
lines  E,  E  and  D,  D,  and  locate  the  coupling-pin  hole  11  at 
the  intersection  of  the  lines  B,  B  and  F,  F,  and  I  thus  have 
the  coupling-pin  holes  located  at  different  distances  from  the 
main  shaft  and  each  located  on  a  different  side  of  the  center 
arc  G,  G,  and  they  are  located  at  equal  distances  in  a  perpen- 
dicular measurement  from  the  center  of  the  saddle-pin  15,  and 
are  likewise  located  at  equal  distances  in  a  horizontal  measure- 
ment from  the  center  of  the  saddle-pin,  thereby  forming  a 
straight  line,  H,  H,  through  the  center  of  the  saddle-pin,  the 
coupling-pin  hole  10,  and  the  coupling-pin  hole  11,  so  that  the 
point  of  connection  between  the  eccentric  rods  with  the  link  9 
each  travel  an  equal  distance  to  or  from  the  central  line  of 
motion  at  a  movement  of  the  link  either  along  the  center  line 


FIG.  6. 


BEAUDRY'S  POWER  HAMMER. 

of  motion  or  rotation  on  its  center  of  saddle-pin.  I  thus  equal- 
ize and  proportion  to  better  advantage  the  angularity  of  the 
eccentric  rods,  thereby  producing  more  correct  and  equal  cut- 
off and  exhaust  of  the  openings  in  the  main  valve  at  all  points 
of  the  stroke  of  the  engine,  and  this  is  done  without  sacrificing 
the  lead  or  admission  openings  of  the  main  valve.  By  this 
arrang  'ment  also  I  am  better  able  to  locate  the  center  of  the 
saddle-pic  on  the  center  arc  G,  G  of  the  link  9,  thus  reducing 
the  slip  of  the  link  on  its  block,  and  reducing  the  strain  and 
wear  of  all  parts  of  the  link-motion  and  doing  away  with  the 
customary  way  of  equalizing  the  main  valve  cut-off,  and  ex- 
haust openings,  which  was  done  by  locating  the  center  of 
saddle-pin  back  of  the  center  of  arc  G,  G,  and  link,  which 
caused  slipping  of  the  link  on  the  block  12,  resulting  in  wear 
and  strain  on  the  link-motion.  These  advantages  are  attained 
without  complication,  or  without  the  use  of  more  parts  than 
usually  employed  in  link-motions,  and  the  improvement  can 
be  applied  to  all  shifting  link-motions  in  use,  and  at  a  small 
cost." 

We  will  suggest  to  some  of  the  younger  engineers  or  drafts- 
men that  an  investigation,  either  on  a  model  or  diagram,  of 
the  merits  of  this  design  for  a  link  would  be  interesting.  It 
is  not  at  all  obvious  that  it  possesses  the  advantages  claimed 
for  it.  The  patent  is  numbered  521,398,  and  dated  June  12, 
189-1. 

golsdorf's  compound  locomotive. 

The  patent  for  this  invention,  which  is  being  introduced 
into  this  country  by  the  Nathan  Manufacturing  Company, 
of  New  York,  has  recently  beem  issued.     It  is,  or  should  be, 


of  so  much  interest  to  locomotive  engineers  that  we  give  the 
description  in  full,  which  is  published  in  the  patent.  The 
inventor  describes  his  invention  as  follows  : 

"  Hitherto  it  has  been  necessary,  for  the  purpose  of  enabling 
compound  locomotive  engines  to  be  started  in  whatever  posi- 
tion the  crank  of  the  high-pressure  cylinder  may  be  at  the 
time,  to  provide  in  the  pipe  or  passage  connecting  the  high- 
pressure  cylinder  with  the  receiver  special  closing  or  cut-off 
devices,  such  as  cocks,  valves,  or  dampers,  that  are  operated, 
at  the  moment  when  the  engine  is  to  be  started,  in  such  a 
manner  as  to  prevent  the  fresh  steam  supplied  from  the  boiler 
and  entering  the  receiver  and  low-pressure  cylinder  from  ex- 
ercising an  injurious  counter-pressure  in  the  high-pressure  cyl- 
inder on  the  side  opposite  to  that  in  which  the  high-pressure 
piston  moves  when  the  distributing  valve  of  such  cylinder  is 
closed. 

"  This  invention  has  for  its 
object  to  enable  compound  lo- 
comotive engines  to  be  started 
without  the  employment  of  any 
special  devices  such  as  referred 
to.  however  unfavorable  the 
position  of  the  cranks  may  be 
at  the  moment  ;  as,  for  exam- 
ple, when  the  crank  of  the  high- 
pressure  piston  is  nearly  hori- 
zontal and  that  of  the  low- 
pressure  piston  is  practically 
vertical.  For  this  purpose  the 
valve  face  of  the  low-pressure 
cylinder  is  formed  with  orifices 
or  ports  that  are  in  communi- 
cation with  the  main  steam-pipe 
or  boiler,  and  are  so  arranged 
that  during  the  ordinary  opera- 
tion of  the  engine  they  will  be 
effectually  closed,  while  when 
the  engine  is  to  be  started,  in 
which  case  the  ordinary  work- 
ing point  of  cut-off  (correspond- 
ing to  form  about  50  to  60  per 
cent,  of  the  piston  stroke)  is 
exceeded,  one  of  these  ports  will  be  uncovered  or  opened 
whereby  steam  will  be  admitted  to  that  end  of  the  low-press- 
ure cvlinder  corresponding  to  the  required  direction  of  motion, 
with"  the  result  that  the  low-pressure  piston  will  be  set  in 
operation.  From  the  steam-chest  of  the  low-pressure  cylinder 
the  live  steam  passes  into  the  receiver,  and  thence  into  the 
high-pressure  cvlinder  entering  on  that  side  of  the  piston 
therein,  which  is  opposite  to  that  in  which  the  movement  of 
the  piston  ought  to  take  place.  Thus  the  steam  entering  the 
high-pressure  cylinder  will  exercise  a  certain  counter-pressure, 
which,  however,  will  be  overcome  by  live  steam  from  the 
boiler  as  soon  as  the  position  of  the  cranks  undergoes  the 
slightest  alteration,  such  live  steam  from  the  boiler  entering 
direct  into  the  high-pressure  cylinder.  When  the  low-press- 
ure slide-valve  assumes  such  a*  position  that  the  port,  which 
until  then  has  been  open,  is  closed,  the  direct  admission  of 
steam  into  the  low-pressure  cylinder  will  be  discontinued,  and 
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therefore  any  injurious  counter-pressure  that  might  otherwise 
result  therefrom  is  completely  obviated,  so  that  the  locomo- 
tive engine  can  then  be  started  by  the  steam  pressure  exerted 
upon  the  high-pressure  piston  alone.  This  arrangement  is 
applicable  to  compound  engines  with  two  or  more  cylinders, 
and  may  be  used  in  conjunction  with  any  form  of  link  motion 
for  the  purpose  of  starting  engines,  provision  being  made  for 
all  the  conditions  on  which  the  point  of  cut-off  depends  (such 
as  the  extent  of  motion  of  the  eccentric,  the  effective  length 
of  the  link,  the  angle  of  lead,  etc.)  to  be  fulfilled  as  to  allow 
of  a  maximum  point  of  cut-off  (corresponding,  say,  to  about 
90  per  cent,  of  the  stroke  of  the  engine). 
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*'  In  order  that  the  invention  may  be  fully  understood,  ref- 
erence is  had  to  the  accompanying  drawings,  in  which  tig.  8, 
a  horizontal  section,  and  rig.  9,  a  vertical  cross-section  of  a 
compound  locomotive  engine,  constructed  in  accordance  with 
this  invention.    Fig.  10  is  a  plan  to  a  larger  scale,  of  the  slide- 
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valve  face  of  the  low-pressure  cylinder  ;  and  figs.  11  and  12 
are  respectively  a  longitudinal  and  transverse  section  of  the 
valve-chest  of  the  low-pressure  cylinder.  Fig.  13  is  a  diagram 
(on  the  Zeuner  system)  for  a  link-motion  arranged  in  accord- 
ance with  this  invention. 

"  From  the  drawings  it  will  be  seen  that  the  slide-valve 
face  of  the  low-pressure  cylinder  is  provided  with  two  orifices 
or  ports  a  a,  that  are  connected  by  channels  a!  a'  and  pipes  b  b 
to  a  common  pipe,  0,  that  is  in  communication  with  a  cross- 
pipe,  d,  and  the  main  steam-pipe  d' .  The  ports  a  of  the  said 
channels,  <<  are  so  arranged  in  the  valve  surface  that  in  the 
ordinary  operation  of  the  engines,  during  which  .the  point  of 
cut-off  does  not  exceed  50  or  60  per  cent,  of  the  stroke,  they 
remain  closed  under  the  action  of  the  piece  or  bridge  f  of 
the  slide-valve/ for  the  low  pressure  cylinder.  When,  how- 
ever, the  link  arrangement  is,  for  the  purpose  of  starting  the 
engine,  adjusted  for  a  larger  point  of  cut-off  (corresponding, 
say,  to  90  per  cent,  or  more  of  the  stroke  of  the  engine),  one 
oi  the  said  ports  will  be  opened  (fig.  11)  whereby  steam  will 
be  admitted  from  the  cross-pipe  d  to  that  end  of  the  low-press- 
ure cylinder  which  corresponds  to  the  direction  of  motion  of 
the  piston  at  the  time.  When  the  ports  are  closed  by  the  slide- 
valve/,  the  steam  can  no  longer  pass  from  the  main  steam- 
pipe  d'  and  cross-pipe  d  into  the  low-pressure  cylinder,  and 
therefore  no  counter-pressure  is  produced  upon  the  high-press- 
ure piston.  As,  moreover,  owing  to  the  large  point  of  cut-off, 
the  position  of  the  cranks  is  now  the  most  favorable  one,  and 
inasmuch  as  the  port  a,  which  lias  remained  closed  up  to  this 
time,  only  opens  when  the  piston  stroke  in  the  low-pressure 
cylinder  changes,  the  link-motion  may  be  absolutely  relied 
upon  for  effective  operation  in  starting  the  engine 

"  The  ports  .<  a  may  Ik;  located  at  any  other  proper  point  in 
the  face  of  the  valve-Mat,  and  in  such  relation  to  the  valve  as 
to  be  controlled  thereby,  and  opened  whenever  the  normal 
point  of  cut-off  is  exceeded,  as  above  explained. 

"The  diagram  of  Zeuner,  fig.  13,  corresponds  to  a  link 
arrangement  fitted  for  a  maximum  cut-off  (say,  94  percent.) 
in  accordance  with  this  invention. 

"  In  the  diagram,  I  is  the  crank  circle  ;'II  is  the  circle  the" 


radius  of  which  equals  the  maximum  overlapping  ;  III  is  the 
slide-valve  circle  calculated  for  the  minimum  cut-off  (14  per 
cent.) ;  IV  is  the  slide-valve  circle  for  the  medium  cut-off 
(50  per  cent ) ;  V  is  the  slide-valve  circle  for  the  maximum 
cutoff  ;  and  VI  is  the  line  connecting  all  the  slide-valve  circles 
(the  central  curve). 

"  The  distance  between  the  two  arcs  of  circles  VII  and  VIII, 
drawn  in  dotted  lines,  equals  the  width  of  the  ports  a  in  the 
direction  of  motion  of  the  slide-valve/. 

"  It  will  be  seen  from  the  diagram  that  the  ports  a  in  the 
ordinary  operation  of  the  engine  remain  closed  until  a  cut-off 
corresponding  to  about  50  per  cent,  of  the  stioke  of  the  engine 
(which  is  the  maximum  under  ordinary  circumstances)  is  at- 
tained. When,  however,  the  mechanism  is  adjusted  for  a 
cut-off  corresponding  to  94  per  cent,  of  the  stroke,  one  of  the 
ports  a  will  begin  to  open  when  the  piston  has  completed 
about  i  per  cent,  of  its  stroke,  and  will  be  fully  open  when 
2  per  cent,  of  the  piston  stroke  has  been  made.  It  then  re- 
mains fully  open  until  the  piston  makes  about  85  per  cent,  of 
its  stroke,  after  which  the  closing  of  the  said  port  will  begin. 
When  the  piston  has  made  about  90  per  cent,  of  its  stroke  the 
port  will  be  completely  closed  again." 

Mr.  Karl  Golsdorf,  of  Vienna,  Austria-Hungary,  is  the  in- 
ventor. His  patent  is  numbered  526,778,  and  dated  October  2, 
1894. ; 

"mertutt's  wave  motor. ^ 

It  has  always  been  a  mechanical  mystery  why  the  great 
power  of  the  waves  in  large  bodies  of  water  has  not  been  util- 
ized more  than  it  is.  Mr.  Charles  A.  Merritt,  of  Birmingham, 
Ala.,  has  patented  the  contrivance  shown  in  fig.  14,  and  of 
which  he  gives  the  following  general  description,  from  which 
and  the  engravings  the  construction  will  be  understood  with- 
out going  into  further  detail : 

"  My  invention  relates  to  improvements  in  that  class  of 
wave  motors  in  which  the  water  from  the  top  of  a  wave  is 
stored  at  the  highest  point  of  the  wave  as  a  head  to  operate  a 
turbine  wheel,  and  the  objects  of  my  improvements  are,  first, 
to  provide  a  penstock  or  storage  reservoir  to  be  constructed 
in  or  adjoining  a  wharf  to  receive  the  water  from  the  tops  of 
the  waves,  the  penstock  having  free  ingress  for  the  water 
through  a  series  of  valves,  the  valves  closing  on  the  inside  to 
retain  the  water  when  admitted  ;  second,  to  provide  a  pen- 
stock of  the  above  description  with  a  turbine  wheel  to  use  as 
a  motive  power  by  which  machinery  can  be  driven  on  the 
wharf  or  top  of  the  penstock  for  hoisting  and  other  purposes 
required  in  the  vicinity  of  wharves  ;  third,  to  provide  a  tail 
race  from  the  wheel  for  the  escape  of  the  water,  the  race  in- 
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closed  and  extending  at  a  right  angle  from  the  penstock,  and 
having  a  series  of  valves  placed  on  the  top  side  of  the  race 
opening  outwardly  to  permit  the  water  to  escape  and  prevent 
an  inflow  of  water  from  the  outside.  I  attain  these  objects  by 
the  construction  and  arrangement  of  the  device  illustrated." 

Note.— CopieB  of  any  of  the  patents  referred  to  above,  or  of  8ny  others  in 
print,  will  bo  sent  to  any  address  on  receipt  of|  twenty-five  cents  in  United 
States  postage-stamps  (not  foreign  stamps). 
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